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Preface

 
 
Otolaryngology—Head & Neck Surgery was created to fill the need for a contemporary, definitive textbook on the specialty of otolaryngology—head and neck surgery. The scope of the fourth edition is a testimonial to the tremendous 
expansion of knowledge in this specialty. Our desire is to record this expansion in a retrievable fashion so that these volumes become indispensable reference works. The fourth edition builds on the success of the past three editions. The 
reader will note the continued use of algorithms and boxed lists, which serve to enhance learning.

The field of otolaryngology—head and neck surgery is represented in all of its diversity; the extensive interrelationship of its various components provided the skeleton for the table of contents. These volumes are intended as a detailed 
reference text and not as a surgical atlas; a definitive work, not an introductory overview. It is designed for residents and practitioners alike. We hope that our quest to document significant and up-to-date information in the specialty has been 
successful.

Another of our goals throughout the pages of this textbook is to acknowledge all those who have contributed to the specialty. Since significant medical expertise has no geographic boundaries, there are contributors from countries all over the 
world.

To ensure continuity at the editorship level, Drs. Paul Flint, Bruce Haughey, K. Thomas Robbins, and J. Regan Thomas have assumed editorship roles in this expanded effort. It is hoped that the ecumenicism which combines the effort of all 
the contributors will further the excellence of those now associated with otolaryngology—head and neck surgery and provide the foundation for continued progress by the generations to follow. This fourth edition builds on the success of the 
first three. It is more comprehensive, is of broader scope, and continues the tradition established 18 years ago.
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Chapter 1 - HISTORY, PHYSICAL EXAMINATION, AND THE PREOPERATIVE EVALUATION

Marion Everett Couch 
James Blaugrund 
Dario Kunar 

INTRODUCTION

A physician is privileged when requested to evaluate a person and render an opinion and diagnosis. The importance of obtaining an accurate, detailed patient history cannot be overemphasized because it is the framework on which the 
otolaryngologist places all available information. Without this, the evaluation may be incomplete and the diagnosis flawed. Unnecessary testing may ensue, and, at the minimum, a delay in symptom management may result. In the worst 
scenario, a misdiagnosis may occur. Therefore, the energy expended in obtaining a complete history is always worthwhile.

Preoperative evaluation of surgical patients is, in its broadest sense, an extension of the diagnostic process. The surgeon should: strive to determine the extent of disease; prove the necessity of surgery or clearly demonstrate its benefit to the 
patient; optimize the choice of surgical procedure; and minimize the risk to the patient by defining concomitant health problems and instituting appropriate therapy or precautionary measures. Integral to each of these goals is an appreciation 
of the ideal set forth in the Hippocratic Oath—above all else, do no harm. It is the surgeon's responsibility to ensure that an appropriate patient assessment has been completed before entering the surgical suite. Surgical complications can 
often be avoided by recognizing the physiologic limitations of the patient preoperatively. Documentation of findings, decision making, and discussion between surgeon and patient regarding surgical risks and benefits have become 
medicolegal imperatives.

GATHERING A PATIENT HISTORY

The otolaryngologist should always try to request that previous medical records pertaining to the patient's current problem be sent to the office before the visit. If previous operations have been performed, operative reports can be important 
sources of information. In addition, pertinent radiographic imaging is helpful to obtain for review. Reports of computed tomography (CT) or magnetic resonance imaging (MRI) scans are valuable but cannot substitute for actual review of the 
imaging by the otolaryngologist. For head and neck cancer patients, any pathologic slide specimens from past biopsies should be sent to the pathology department for review so that a second opinion may be rendered. This is especially 
helpful when patients are referred with an unusual pathologic diagnosis. Finally, laboratory values can provide much information and should be carefully reviewed.

The physician should address the patient's chief complaint by determining its duration, intensity, location, frequency, factors that make the problem worse or better, any past therapy, and related symptoms. Whether the complaint is vertigo, 
pain, sinusitis, hearing loss, allergies, or a neck mass, the approach should entail asking many of the same basic questions followed by more specific ones designed to elucidate the full scope of the problem.

A discussion of the patient's medical history not only leads the otolaryngologist to a better understanding of the patient, but it often reveals pertinent information. For instance, a patient with an otitis externa who also is diabetic requires a 
high level of concern for malignant otitis externa, and this may be reflected in the management plan. If the patient requires surgery, complete knowledge of the patient's medical problems is necessary before the operative procedure.

The surgical history is equally valuable. All the past operations of the head and neck area are important to note, including surgery for past facial trauma, cosmetic facial plastic surgery, otologic surgery, and neoplasm. However, full 
disclosure of all past operations may be critical. The otolaryngologist needs to know if a patient scheduled for surgery has had adverse reactions to anesthetic agents or a difficult intubation.
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Obviously, any known drug allergies and side effects are crucial to note prominently in the medical chart. True allergies should be distinguished from side effects of a medication. In addition, all medications and current dosages should be 
accurately recorded. Often, it is valuable to inquire whether the patient has been compliant with the prescribed medication regimen because the physician needs to know the doses that the patient actually is taking.

After this, it often is advantageous to assess for risk factors associated with certain disease states. Tobacco use is important to note. It is helpful to specifically ask about cigarette, cigar, and chewing tobacco consumption—either current or 
past use. Alcohol consumption also is occasionally difficult to quantitate unless the interviewer asks direct questions regarding frequency, choice of beverage, and duration of use. Recreational drug use should be addressed, as should risk 
factors for communicable diseases such as the human immunodeficiency virus (HIV) and hepatitis virus. For patients being assessed for hearing loss, major risk factors such as exposure to machinery, loud music, or gunfire should be 
discussed. Finally, past irradiation (implants, external beam, or by mouth) and dosage (either high or low dose) should be ascertained. A history of accidental radiation exposure also is important to document.

The patient's social history should not be over-looked because it may often reveal more occult risk factors for many diseases. For instance, a retired steel worker may have an extensive history of inhaling environmental toxins, whereas a 
World War II veteran may have noise-induced hearing loss from his or her military service. Family history often is equally revealing, and asking patients questions about their familial history of such conditions as hearing loss, congenital 
defects, atopy, or cancer may uncover useful information that they had not previously been considered.



Finally, a review of systems is part of every comprehensive history. This review includes changes in the patient's respiratory, neurologic, cardiac, endocrine, psychiatric, gastrointestinal, urogenital, cutaneous skin, or musculoskeletal 
systems. The otolaryngologist often may derive more insight into the patient's problem by inquiring about constitutional changes such as weight loss or gain, fatigue, heat or cold intolerance, rashes, and the like ( Box 1-1 ).

PHYSICAL EXAMINATION

The otolaryngologist must develop an approach to the head and neck examination that allows the patient to feel comfortable while the physician performs a complete and comprehensive evaluation. Many of the techniques used by the 
otolaryngologist, such as fiberoptic nasopharyngolaryngoscopy, may leave a patient feeling alienated if not done correctly. Thus, it is essential to establish a rapport with a patient before proceeding with the examination. At the same time, 
the physician should be comfortable with a standard routine examination that allows systematic examination of every patient so that nothing is forgotten or overlooked.

 
 

Box 1-1. HISTORY

Introduce yourself 
 
Review: 
 
Questionnaire 
 
Medical records 
 
Radiographic imaging 
 
Laboratory values 
 
Pathology specimens 
 
Inquire about chief complaints: 
 
Location 
 
Duration 
 
Characteristics 
 
Medical history 
 
Surgical history 
 
Allergies 
 
Medications 
 
Risk factors: 
 
Tobacco, alcohol 
 
Social history 
 
Family history 
 
Review of systems: 
 
Respiratory 
 
Neurologic 
 
Cardiac 
 
Endocrine 
 
Psychiatric 



 
Gastrointestinal 
 
Urogenital 
 
Skin 
 
Musculoskeletal 
 

 
 
A word of caution is necessary. The head and neck examination should only be done with the examiner wearing gloves and, in some instances, protective eye covering. Universal precautions are mandatory in today's practice of medicine. 
This has the added benefit of showing the patient that the examiner is concerned about not transmitting any diseases, which builds trust between the patient and physician.

General Appearance

Much information can be obtained by first assessing the general behavior and appearance of the patient. For instance, the patient's affect may suggest possible depression, anxiety, or even alcoholic intoxication. Psychotic behavior in the 
office may be a result of many factors but may indicate profound hypothyroidism in
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head and neck cancer patients. Astute observation of the patient's appearance is equally important. Tarstained fingernails, teeth, or moustache are harbingers for heavy tobacco consumption. Even the gait of patients as they enter or leave the 
office may reveal information. Neurologic impairments, especially involving the cerebellum, may affect the patient's ability to navigate the room.

Facies

After assessing the patient's overall appearance, the face should be analyzed for facial asymmetry by positioning the head squarely in front of the examiner. For instance, in patients considering facial plastic surgery, a hemifacial microsomia 
may affect the final outcome, which should be discussed before the operation. In addition, a paretic facial nerve always is a serious finding that can be detected by observing the tone of the underlying facial musculature and overlying facial 
skin. Facial wrinkles are more prominent when the facial nerve is functioning. For patients recovering from facial nerve paralysis, the American Academy of Otolaryngology—Head and Neck Surgery (AAO—HNS) Facial Nerve Grading 
System is a respected standard for reporting gradations of nerve function ( Table 1-1 ).

Facial Skeleton

The facial skeleton then should be carefully palpated for bony deformities. This is especially true in patients  

TABLE 1-1 -- AAO-HNS FACIAL NERVE GRADING SYSTEM

Grade Facial Movement

I. Normal Normal facial function at all times

II. Mild dysfunction Forehead: moderate-to-good function

 Eye: complete closure

 Mouth: slight asymmetry

III. Moderate dysfunction Forehead: slight-to-moderate movement

 Eye: complete closure with effort

 Mouth: slightly weak with maximum effort

IV. Moderately severe dysfunction Forehead: none

 Eye: incomplete closure

 Mouth: asymmetric with maximum effort

V. Severe dysfunction Forehead: none

 Eye: incomplete closure

 Mouth: slight movement

VI. Total paralysis No movement
 
with recent facial trauma. The periorbital rims may be irregular as a result of fractures involving the zygomatic arches or orbital floor. The dorsum of the nose may be displaced as a result of a comminuted nasal fracture. After evaluation of 
the facial skeleton, the regions overlying the paranasal sinuses may be firmly palpated or tapped for tenderness, which may be present during an episode of sinusitis.



Evaluation of the temporomandibular joint (TMJ) is convenient to perform at this point in the examination. By having the examiner place three fingers over the TMJ region, which is anterior to the external auditory canal, anteromedial 
dislocation (caused by the action of the lateral pterygoid muscle) or clicking of the joint can be ascertained. The patient should open and close the jaw to assist in evaluating this synovial joint.

Parotid

Masses in the parotid may be benign or malignant neoplasms of the parotid, cysts, inflammatory masses, or lymph node metastasis from other areas. The tail of the parotid extends to the region lateral and inferior to the angle of the mandible. 
This is a common site for parotid masses to reside. The parotid-preauricular and retroauricular lymph nodes also should be systematically assessed in every patient. By facing the patient and placing both hands behind the ears before 
palpating the preauricular nodes, the often-neglected retroauricular nodes will not be missed.

Skin

Skin covering the face and neck should be examined, and suspicious lesions should be noted. The external auricles often receive sun exposure and are at risk for developing the skin malignancies such as basal cell and squamous cell 
carcinomas. The scalp should be examined for hidden skin lesions, such as melanoma, basal cell carcinoma, or squamous cell carcinoma. All moles should be inspected for irregular borders, heterogeneous color, ulcerations, and satellite 
lesions.

Neck

The neck, an integral part of the complete otolaryngology examination, is best approached by palpating it while visualizing the underlying structures ( Figure 1-1 ). The midline structures such as the trachea and larynx can be easily located 
and then palpated for deviation or crepitus. If there is a thyroid cartilage fracture, tenderness and crepitus may be present. In thick, short necks, the "signet ring" cricoid cartilage is a good landmark to use for orientation. The hyoid bone can 
be inspected and palpated by gently rocking it back and forth.
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Figure 1-1 Basic anatomy of the anterior neck. Visualize structures while performing neck examination. 

 

Figure 1-2 Triangles of the neck. The anterior triangle is divided from the posterior triangle by the sternocleidomastoid muscle. 



 

Figure 1-3 Lymph node regions of the neck. 

 

Figure 1-4 The tympanic membrane. 

 

TABLE 1-2 -- TUNING FORK TESTING



Begin with 512-Hz fork, then include 256- and 1024-Hz forks

Weber Place tuning fork in center of patient's forehead. Ask patient if sound is louder on one side or is heard midline.

 Weber "Negative" Weber Right Weber Left

Patient response "Sound is midline" "Sound is louder on right" "Sound is louder on left"

••Interpretation Bone-conducted sound equal in both ears Unilateral right conductive hearing loss; unilateral left 
sensorineural hearing loss

Unilateral left conductive hearing loss; unilateral right 
sensorineural hearing loss

Rinne Place tuning fork lateral to ear canal, then place it firmly on mastoid process. Ask patient if sound is louder by canal or on mastoid bone.

 Rinne "Positive" Rinne "Negative" Rinne "Equal"

Patient response "Sound louder when fork by canal" "Sound louder when fork on mastoid process" "Sound equal"

Interpretation Air conduction louder than bone conduction; normal Bone conduction louder than air conduction; conductive hearing 
loss

Air and bone conduction equal

 
test to lateralize to the side with the conductive loss because the cochlea are intact bilaterally and because bone conduction causes the sound to be better heard in the ear with the conductive loss (because there is less background noise 
detected through air conduction). Interestingly, a midline Weber result is referred to as "negative." "Weber right" and "Weber left" refer to the direction to which the sound lateralized.

To compare air conduction with bone conduction, perform the Rinne test. The 512-Hz tuning fork is placed by the ear canal and then on the mastoid process. The patient determines whether the sound is louder when the tuning fork is by the 
canal (air conduction) or on the mastoid bone (bone conduction). A "positive test" result is air conduction louder than bone conduction. A conductive hearing loss will make bone conduction louder than air conduction, and this is called 
"Rinne negative." When the air and bone conduction are equal, it is called "Rinne equal."

The Schwabach test compares the patient's hearing with the examiner's hearing and uses multiple tuning forks such as the 256-, 512-, 1024-, and 2048-Hz forks. The stem of the vibrating tuning fork is placed on the mastoid process of the 
patient and then on the mastoid of the physician. This is done, alternating between the two participants, until one can no longer hear the tuning fork. Of course, this test assumes that the examiner has normal hearing. If the patient hears
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the sound as long as the physician, the result is "Schwabach normal." If the patient hears the sound longer than the physician, it is called "Schwabach prolonged." This may indicate a conductive hearing loss for the patient. If the patient hears 
the sound for less time than the physician, it is called "Schwabach shortened." This is consistent with sensorineural hearing loss for the patient.

Oral Cavity

The boundaries of the oral cavity extend from the skin-vermillion junction of the lips, hard palate, anterior two-thirds of the tongue, buccal membranes, upper-and lower-alveolar ridge, and retromolar trigone to the floor of the mouth. This 
region may be best seen by having the otolaryngologist use a well-directed headlight and a tongue depressor in each gloved hand. The lips should be carefully inspected. Remember that lip squamous cell carcinoma is more common on the 
lower lip. The commissures may have fissuring, which is seen in angular stomatitis or cheilosis. When the fissures and cracking are present on the mid-portion of the lips, this may be cheilitis.

The occlusion of the teeth and the general condition of the alveolar ridges, including the gums and teeth, should be noted. The tongue, especially the lateral surfaces where carcinomas are most common, should be inspected for induration or 
ulcerative lesions. Gently grabbing the anterior tongue with a gauze sponge allows the examiner to move the anterior tongue from side to side. By having the patient lift the tongue toward the hard palate, the floor of mouth and Wharton's 
ducts (associated with submandibular glands) can be viewed. Pooling of carcinogens in the saliva on the floor of the mouth has been postulated to cause this area to have a high incidence of carcinoma. Be sure to palpate the floor of the 
mouth using a bimanual approach with one gloved hand in the mouth.

The buccal membranes should be inspected for white plaques that may represent oral thrush, which easily scrapes off with a tongue blade, or leukoplakia, which cannot be removed. More worrisome for a precancerous condition is 
erythroplakia; therefore, all red lesions and most white lesions should be judiciously biopsied for cancer or carcinoma in situ. While examining the buccal membranes, note the location of the parotid duct, or Stenson's duct, as it opens near 
the second upper molar. Small yellow spots in the buccal mucosa are sebaceous glands, commonly referred to as Fordyce spots, and are not abnormal. Aphthous ulcers, or the common canker sore, are painful white ulcers that can be on any 
part of the mucosa but are commonly present on the buccal membrane.

The hard palate may have a bony outgrowth known as a torus palatinus. These midline bony deformities are benign and should not be biopsied, although growths that are not in the midline should be more carefully evaluated as possible 
cancerous lesions.

Oropharynx

The oropharynx includes the posterior third of the tongue, anterior and posterior tonsillar pillars, the soft palate, the lateral and posterior pharyngeal wall, the soft palate, and the vallecula ( Figure 1-5 ). It is best visualized using a headlight 
and two tongue depressors. A dental mirror is beneficial in viewing the vallecula and the posterior pharyngeal wall, which often are obscured. Using a gloved finger to examine the base of tongue or tonsil may reveal indurated areas that may 
be appropriate for biopsy for neoplasm. The patient should be aware of the possibility that gagging may ensue when this is done. In patients with especially strong gag reflexes, a fiberoptic examination may be necessary to fully assess the 
base of tongue, posterior pharyngeal wall, and vallecula. By carefully passing the flexible fiberoptic endoscope through the anesthetized nose, the interaction of the soft palate and tongue base during swallowing also may be 

 
Figure 1-5 The oropharynx, which includes the posterior third of the tongue, soft palate, tonsillar pillars (anterior and posterior), lateral and posterior pharyngeal wall, and vallecula. 



 

Figure 1-6 The larynx. 

 

Figure 1-7 The laryngeal examination. 

 

TABLE 1-3 -- NEUROLOGIC EXAMINATION

Cranial nerves Tests

I Sense of smell to several substances

 Do not use ammonia (common chemical sense caused by CN V stimulation)

II Visual acuity



 Visual fields

 Inspect optic fundi

III Extraocular movements in six fields of gaze

IV Pupillary reaction to light

V Palpate temporal and masseter muscles

 Patient should clench teeth

 Test forehead, cheeks, jaw for pain, temperature, and light (cotton) touch

 Corneal reflex (blinking in response to cotton touching the cornea)

VI Near reaction to light

 Ptosis of upper eyelids

VII Symmetry of face in repose

 Raise eyebrows, frown, close eyes tightly, smile, puff out cheeks

VIII Auditory—Tuning fork tests for hearing

 Vestibular—Nystagmus on lateral gaze; Hallpike-Dix test; headshaking; Caloric testing; Frenzel lenses

IX, X Hoarseness

 True vocal cord mobility

 Gag reflex (CN IX or X)

 Movement of soft palate and pharynx

XI Shrug shoulders against examiner's hand (trapezius muscle)

 Turn head against examiner's hand (sternocleidomastoid muscle)

XII Stick tongue out

 Tongue deviates toward side of lesion

 Tongue atrophy, fasciculations
 
be implemented to maximize the surgical outcome. In addition, the patient's prior anesthetic record provides invaluable insight into issues such as airway management and overall tolerance of general, regional, local, or neuroleptic anesthesia. 
A social history can often be extremely beneficial as well, providing a means of anticipating postoperative needs and circumventing some prolonged admissions. Any significant issues should be raised with the departmental or hospital social 
worker, preferably before surgery. Last, it is important to elicit a detailed list of current medications and allergies.

In uncomplicated cases, the history and physical examination are followed by routine screening tests. Blood is drawn for a complete blood count (CBC), serum electrolytes, blood urea nitrogen (BUN), creatinine, glucose, and a clotting 
profile to rule out a wide range of possible occult abnormalities. In patients over 40 years of age or in those with pertinent past medical histories, chest radiography and electrocardiography (ECG) are performed. Additionally, women of 
childbearing age should undergo pregnancy testing.

When the need arises, consultation with appropriate specialties should be sought quickly. The consultant should be clearly informed about the nature of the proposed procedure and should be asked to comment specifically on the relative 
safety of performing the procedure with respect to concomitant disease processes. In cases complicated by many medical problems or those in which the establishment of a safe airway is an issue, the authors advise close consultation with the 
anesthesia team to avoid undue delay, cancellation of the procedure, or an undesirable outcome.

It is imperative to have copies of all laboratory results, radiographs, and pertinent tests available for review before surgery. Additional studies should be ordered by the surgeon as deemed necessary.

Consent

Although a detailed discussion of the legal ramifications of informed consent is beyond the scope of this chapter, the ethical ideal deserves consideration. An integral part of the preoperative process is the
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physician's thorough and candid explanation to the patient of the procedure, its risks, and the probable outcomes. The relationship that develops between the surgeon and patient at this time often does more to prevent litigation if an 
unfortunate circumstance occurs than any legal document detailing the risks and benefits.

Allergy

The surgeon must guard against anaphylactic reactions in all patients. The crux of this process is to have the patient identify any untoward reactions to medications, foods, or other materials. In most instances, many of the drug "reactions" 
described by patients do not represent true allergic phenomena. Instead, they are simply drug side effects. Nonetheless, these reactions require thorough documentation and avoidance of the allergens in the perioperative period.



Anaphylaxis results in the release of potent inflammatory agents, vasoactive substances, and proteases, all of which bring about the shock reaction. The patient may develop urticaria, profound hypotension, tachycardia, bronchoconstriction, 
and airway-compromising edema of the mucosal surfaces of the upper aerodigestive tract. Even in intubated patients, rapid oxygen desaturation is often a prominent feature. As the reaction progresses, cardiac arrest can ensue despite 
maximal resuscitative efforts. Given the potential morbidity and mortality of anaphylactic reactions, the otolaryngologist must identify all of a patient's allergens in the preoperative phase.

The incidence of serious adverse reactions to penicillin is about 1%. It is widely believed that there is a 10% to 15% chance that patients who manifest these reactions also react adversely to cephalosporins. Based on empiric observations at 
the authors' institution, it is believed that unless these patients have had a history of significant atopy or penicillin-induced urticaria, mucosal edema, or anaphylaxis, they can be given cephalosporins with relative impunity. Anaphylactic 
reactions to cephalosporins in true penicillin-allergic patients are probably less than 2%. Moreover, cephalosporins cause their own independent hypersensitivity reactions. The notion of cross-reactivity with penicillin on skin testing seems to 
stem from data obtained in the 1970s, in which contamination of cephalosporins with penicillin was subsequently proven. Finally, if a serious penicillin allergy is evident, alternative antibiotics such as clindamycin may be substituted for the 
cephalosporins.

Mucosal absorption of latex protein allergens from the surgeon's gloves can rapidly incite anaphylactic shock in patients who are highly sensitive to latex. It should be noted that about 7% to 10% of healthcare workers regularly exposed to 
latex and 28% to 67% of children with spina bifida demonstrate positive skin tests to latex proteins. Preoperatively, if a patient gives a history suspicious for latex allergy, it should be investigated before surgery. If the allergy is documented, 
perioperative precautions to avoid latex exposure must be instituted at all costs.

Similarly, patients with allergic or adverse reactions to soybean or eggs may react to propofol, a ubiquitous induction agent. Protamine and intravenous contrast agents can potentially provoke hypersensitivity responses in patients with 
known shellfish or other fish allergies. Although rare, some patients may have allergic reactions to ester types of local anesthetics such as cocaine, procaine, and tetracaine.

Finally, if the suspicion of allergy or adverse reaction exists, the best course of action is to avoid use of the potential offending agent altogether during surgery. If this is not feasible for some reason, then the surgeon and anesthesiologist 
should plan on premedicating the patient with systemic steroids, histamine antagonists, and even bronchodilators. The physicians should then be prepared to deal with the potential worst-case scenario of anaphylactic shock.

Systems

Cardiovascular

Cardiovascular complications are the most common cause of perioperative mortality. Specifically, an almost 50% mortality rate is associated with perioperative myocardial infarction. Meticulous review of the cardiovascular system is of 
utmost importance in determining a patient's surgical candidacy, especially those who will require a general anesthetic. Risk factors for a perioperative cardiovascular complication include jugular venous distention, third heart sounds, recent 
myocardial infarction (MI) (within 6 months), nonsinus heart rhythm, frequent premature ventricular contractions (>5 per minute), over 70 years of age, valvular aortic stenosis, previous vascular or thoracic surgery, and poor overall medical 
status. Emergency surgery poses an additional risk for cardiovascular complications. In the head and neck oncology patient population, the high incidence of tobacco and alcohol abuse leads to a relatively high incidence of coronary artery 
disease, cardiomyopathy, and peripheral vascular disease.

The otolaryngologist should obtain a history of previous MIs, angina, angioplasty or bypass surgery, congestive heart failure (CHF) or dyspnea on exertion, hypertension, general exercise tolerance, paroxysmal nocturnal dyspnea, 
claudication, stroke or transient ischemic attack, syncope, palpitations or other arrhythmias, as well as known anatomic or auscultative cardiac anomalies. The presence or suspicion of coronary artery disease, heart failure, untreated
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hypertension, or significant peripheral vascular disease should prompt a specific anesthesiology or cardiology consultation before surgery. This evaluation would include an assessment of the electrocardiogram, as well as possible exercise or 
chemical stress testing, echocardiography, and cardiac catheterization as indicated. The result of this consultation should determine the surgical and anesthetic risk and should optimize the patient's preoperative cardiovascular status. 
Furthermore, specific intraoperative and postoperative physiologic (e.g., invasive monitors) and pharmacologic precautionary measures should be delineated, as should the level of postoperative observation.

In general, patients are maintained on their antihypertensive, antianginal, and antiarrhythmic regimens up to the time of surgery. Certain medications such as diuretics and digoxin may be withheld at the discretion of the anesthesiologist or 
cardiologist. Preoperatively, serum electrolytes and antiarrhythmic levels should be checked and adjusted as necessary. Coagulation studies (prothrombin time [PT]/partial thromboplastin time [PTT]) and platelet quantification are routinely 
obtained in patients with cardiovascular risk factors because significant bleeding can lead to major perioperative cardiovascular complications. A relatively current chest radiograph is considered essential in this high-risk group.

Preoperatively, the otolaryngologist must be aware of the types of procedures that may have specific cardiovascular ramifications. Patients with prosthetic valves and those with a history of rheumatic fever, endocarditis, congenital heart 
defects, mitral valve prolapse with regurgitation, or hypertrophic cardiomyopathy should receive prophylactic antibiotics at the time of surgery. Such prophylaxis is especially important during procedures performed on the oral cavity and 
upper aerodigestive tract. This is also important when dealing with surgical drainage of head and neck infections, in which the risk of hematogenous bacterial seeding is high. For low-risk procedures, intravenous ampicillin—2 g given 30 
minutes before surgery, followed by 1 g given 6 hours later—is sufficient prophylaxis. In high-risk procedures, intravenous gentamicin (1.5 mg/kg) and intravenous ampicillin (2 g) are administered 30 minutes before surgery, followed by 
the same doses of each 8 hours later. Patients with pacemakers or implanted defibrillators and those with mitral valve prolapse without regurgitation do not require endocarditis prophylaxis.

Airway, carotid, and vagus nerve manipulation can induce bradycardia and hypotension. Agents such as lidocaine, epinephrine, and cocaine, which are frequently used in sinonasal surgery, can trigger undesirable cardiovascular events. 
Injury to the cervical sympathetic chain may precipitate postural hypotension postoperatively. Finally, the surgeon must also be cognizant that a unipolar electrocautery device can reprogram a pacemaker during surgery.

Respiratory

Postoperative pulmonary complications are considered the second most common cause of perioperative mortality. This is not surprising considering the effects of general anesthesia and surgery on pulmonary performance. Atelectasis and 
ventilation/perfusion mismatch occur secondary to a number of factors, including the use of anesthetic agents and positive pressure ventilation, as well as supine positioning. Anesthetic agents, barbiturates, and opioids tend to diminish the 
ventilatory response to hypercarbia and hypoxia. Endotracheal intubation bypasses the warming and humidifying effects of the upper airway, leading to impaired ciliary function, thickened secretions, and subsequent decreased resistance to 
infection. Furthermore, postoperative pain substantially affects a patient's ability to cough, especially following thoracic or abdominal procedures (e.g., chest myocutaneous flap, gastric pull up, percutaneous endoscopic gastrostomy, rectus 
free-flap, iliac crest bone graft). Because of their attenuated respiratory reserve, patients with chronic pulmonary disease are much more likely to suffer postoperative pulmonary complications than are healthy patients. For instance, heavy 
smokers have a threefold increase in the risk of postoperative pulmonary complications when compared with nonsmokers. Hence it is imperative to identify these patients during the preoperative evaluation.



Specifically, a positive history of asthma, chronic obstructive pulmonary disease, emphysema, tobacco abuse, pneumonia, pulmonary edema, pulmonary fibrosis, or adult respiratory distress syndrome requires heightened attention before 
surgery. The prior treatment of these lung problems, including the number of hospitalizations and emergency room visits; the use of medications like steroids, antibiotics, and bronchodilators; and the need for intubation or chronic oxygen 
therapy should be addressed. The otolaryngologist should obtain an estimate of the patient's dyspnea, exercise limitation, cough, hemoptysis, and sputum production. Factors that exacerbate chronic lung disease must be identified. Once 
again, it is of paramount importance to investigate the tolerance of previous anesthetics in this high-risk group. Coexisting cardiac and renal disease such as CHF and chronic renal failure also impact heavily on pulmonary function. 
Pulmonary hypertension and cor pulmonale secondary to obstructive sleep apnea, cystic fibrosis, muscular dystrophy, emphysema, or kyphoscoliosis further
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complicate anesthetic management. Congenital diseases affecting the lungs such as cystic fibrosis and Kartagener's syndrome (rare) present the challenge of perioperative clearance of secretions.

On physical examination, the clinician should be attuned to the patient's body habitus and general appearance. Obesity, kyphoscoliosis, and pregnancy can all predispose to poor ventilation, atelectasis, and hypoxemia. Cachectic patients are 
more likely to develop postoperative pneumonia. It should be noted that clubbing and cyanosis, although suggestive, are not reliable indicators of chronic pulmonary disease. The patient's respiratory rate is determined, and the presence of 
accessory muscle use, nasal flaring, diaphoresis, or stridor should be documented. Auscultation that reveals wheezing, rhonchi, diminished breath sounds, crackles, rales, and altered inspiratory:expiratory time ratios should raise the suspicion 
of pulmonary compromise.

In patients with pulmonary disease, preoperative posteroanterior and lateral chest radiography is mandatory, because findings will often direct modification of the anesthetic technique used during surgery. Arterial blood gas (ABG) testing on 
room air is also indicated. Patients with an arterial oxygen tension less than 60 mm Hg or an arterial carbon dioxide tension greater than 50 mm Hg are more likely to have postoperative pulmonary complications. Serial ABG determinations 
can also be used to assess the overall efficacy of preoperative medical and respiratory therapy. As with chest radiography, preoperative ABG levels also provide a baseline for postoperative comparison.

Preoperative pulmonary function tests such as spirometry and flow-volume loops are quite helpful. A quantitative measure of ventilatory function can also be used to assess the efficacy of both preoperative and surgical interventions. 
Spirometry can be used to differentiate restrictive from obstructive lung disease, as well as to predict perioperative morbidity from pulmonary complications. Generally, a forced expiratory volume in 1 second: forced vital capacity ratio of 
less than 75% is considered abnormal, whereas a ratio of less than 50% carries a significant risk of perioperative pulmonary complications. Preoperative flow-volume loops can distinguish among fixed (e.g., goiter), variable extrathoracic (e.
g., unilateral vocal cord paralysis), and variable intrathoracic (e.g., tracheal mass) airway obstructions.

The preoperative management of otolaryngology patients with significant pulmonary disease is vital and should follow the recommendations of a pulmonologist. Smokers are advised to cease smoking for at least a week before surgery. Chest 
physiotherapy aimed at increasing lung volumes and clearing secretions is instituted. This includes coughing and deep breathing exercises, incentive spirometry, and chest percussion with postural drainage. It is not advisable to operate on a 
patient with an acute exacerbation of pulmonary disease or with an acute pulmonary infection. Acute infections should be cleared with antibiotics and chest physiotherapy before elective surgery. Prophylactic antibiotics in noninfected 
patients are not recommended for fear of selecting out resistant organisms. Finally, the medical regimen, including the use of inhaled b-adrenergic agonists, cromolyn, and steroids (inhaled or systemic), must be optimized. Serum levels of 
theophylline, if used, should be therapeutic.

Renal

The preoperative identification and evaluation of renal problems is also imperative. Any significant electrolyte abnormalities uncovered during the routine screening of healthy patients should be corrected preoperatively, and surgery should 
be delayed if additional medical evaluation is warranted. Preexisting renal disease is a major risk factor for the development of acute tubular necrosis both during and after surgery. Renal failure, whether acute or chronic, influences the types, 
dosages, and intervals of perioperative drugs and anesthetics. An oliguric or anuric condition requires judicious fluid management, especially in patients with cardiorespiratory compromise. Furthermore, chronic renal failure (CRF) is often 
associated with anemia, platelet dysfunction, and coagulopathy. Electrolyte abnormalities, particularly hyperkalemia, can lead to arrhythmias, especially in the setting of the chronic metabolic acidosis that often accompanies CRF. 
Hypertension and accelerated atherosclerosis resulting from CRF are risk factors for developing myocardial ischemia intraoperatively. Blunted sympathetic responses may predispose to hypotensive episodes during administration of 
anesthesia. The otolaryngologist must also be wary of the potential for injury to demineralized bones during patient positioning. An impaired immune system can contribute to poor wound healing and postoperative infection. Finally, because 
patients with CRF have often received blood transfusions, they are at increased risk of carrying blood-borne pathogens such as hepatitis B and C.

The possible causes of renal disease, including hypertension, diabetes, nephrolithiasis, glomerulonephritis, polycystic disease, lupus, polyarteritis nodosa, Goodpasture's or Wegener's syndromes, trauma, or previous surgical or anesthetic 
insults, should be elicited. The symptoms of polyuria, polydipsia, fatigue, dyspnea, dysuria, hematuria, oliguria or anuria, and peripheral edema are recorded, as is a
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complete listing of all medications taken by the patient.

In dialyzed patients, it is important to document the dialysis schedule. A nephrologist should assist with the preoperative evaluation and should optimize the patient's fluid status and electrolytes before surgery. A nephrologist should also be 
available to help manage these issues postoperatively, especially when major head and neck, skull-base, or neurotologic surgery—which may require large volumes of fluids or blood transfusions intraoperatively—is planned.

Preoperative testing on patients with significant renal disease routinely includes ECG, chest radiography, electrolytes and chemistry panel, CBC, PT/PTT, platelet counts, and bleeding times. In addition to a nephrologic consultation, patients 
with significant renal disease should also receive a preoperative anesthesiology consultation, and, if indicated, further evaluation by a cardiologist.

A history of benign prostatic hypertrophy or prostate cancer, with or without surgery, may predict a difficult urinary tract catheterization intraoperatively. Finally, elective surgery should not be performed on patients with acute genitourinary 
tract infections because the potential for urosepsis can be increased by the transient immunosuppression associated with general anesthesia.

Hepatic Disorders

Preoperative evaluation of patients with suspected or clinically evident liver failure should begin with a history detailing hepatotoxic drug therapy, jaundice, blood transfusion, upper gastrointestinal bleeding, and previous surgery and 
anesthesia. The physical should include examination for hepatomegaly, splenomegaly, ascites, jaundice, asterixis, and encephalopathy. The list of blood tests is fairly extensive and includes hematocrit, platelet count, bilirubin, electrolytes, 



creatinine, BUN, serum protein, PT/PTT, serum aminotransferases, alkaline phosphatase, and lactate dehydrogenase. A viral hepatitis screen can be obtained as well. Of note, patients with moderate to severe chronic alcoholic hepatitis may 
present with relatively normal-appearing liver function tests and coagulation parameters; these patients are at risk for perioperative liver failure.

Cirrhosis and portal hypertension have wide-ranging systemic manifestations. Arterial vasodilation and collateralization leads to decreased peripheral vascular resistance and an increased cardiac output. This hyperdynamic state can occur 
even in the face of alcoholic cardiomyopathy. The responsiveness of the cardiovascular system to sympathetic discharge and administration of catechols is also reduced, likely secondary to increased serum glucagon levels. Cardiac output 
can be reduced by the use of propranolol, which has been advocated by some as a treatment for esophageal varices. By decreasing cardiac output, flow through the portal system and the esophageal variceal collaterals is diminished. 
Additionally, there is likely a selective splanchnic vasoconstriction. Once initiated, b-blockade cannot be stopped easily because of a significant rebound effect.

Renal sequelae vary with the severity of liver disease from mild sodium retention to acute failure associated with the hepatorenal syndrome. Diuretics given to decrease ascites can often lead to intravascular hypovolemia, azotemia, 
hyponatremia, and encephalopathy. Fluid management in the perioperative period should be followed closely and dialysis instituted as needed for acute renal failure.

From a hematologic standpoint, patients with cirrhosis often have an increased 2,3-diphosphoglycerate level in their erythrocytes causing a shift to the right of the oxyhemoglobin dissociation curve. Clinically, this results in a lower oxygen 
saturation. This situation is further compounded by the frequent finding of anemia. Additionally, significant thrombocytopenia and coagulopathy may be encountered. The preoperative use of appropriate blood products can lead to short-term 
correction of hematologic abnormalities, but the prognosis in these patients remains poor.

Encephalopathy stems from insufficient hepatic elimination of nitrogenous compounds. Although measurements of BUN and serum ammonia levels are useful, they do not always correlate with the degree of encephalopathy. Treatment 
includes hemostasis, antibiotics, meticulous fluid management, low-protein diet, and lactulose.

Endocrine Disorders

Thyroid

Symptoms of hyperthyroidism include: weight loss; diarrhea; skeletal muscle weakness; warm, moist skin; heat intolerance; and nervousness. Laboratory test results may demonstrate hypercalcemia, thrombocytopenia, and mild anemia. 
Elderly patients also can present with heart failure, atrial fibrillation, or other dysrhythmias. The term thyroid storm refers to a life-threatening exacerbation of hyperthyroidism that results in severe tachycardia and hypertension.

Treatment of hyperthyroidism attempts to establish a euthyroid state and to ameliorate systemic symptoms. Propylthiouracil inhibits both thyroid hormone synthesis and the peripheral conversion of T4 to T3. Complete clinical response may 
take up to 8 weeks, during which the dosage may need to be tailored to prevent hypothyroidism. Potassium iodide (Lugol's solution), which works by inhibiting iodide organification, can be added to the medical regimen. In patients with 
sympathetic hyperactivity, b-blockers
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have been used effectively. Propranolol has the added benefit of decreasing T4-to-T3 conversion. It should not be used in patients with CHF secondary to poor left ventricular function or bronchospasm because it will exacerbate both of these 
conditions. Ideally, medical therapy should prepare a mildly thyrotoxic patient for surgery within 7 to 14 days. If the need for emergency surgery arises, intravenous propranolol or esmolol can be administered and titrated to keep the heart 
rate below 90 bpm. Other medications that can be used include reserpine and guanethidine, which deplete catechol stores, and glucocorticoids, which decrease both thyroid hormone secretion and T4-to-T3 conversion. Radioactive iodine also 
can be used effectively to obliterate thyroid function but should not be given to women of childbearing years.

The symptoms of hypothyroidism result from inadequate circulating levels of T4 and T3 and include lethargy, cognitive impairment, and cold intolerance. Clinical findings may include bradycardia, hypotension, hypothermia, 
hypoventilation, and hyponatremia. There is no evidence to suggest that patients with mild to moderate hypothyroidism are at increased risk for anesthetic complications, but all elective surgery patients should be treated with thyroid 
hormone replacement before surgery. Severe hypothyroidism resulting in myxedema coma is a medical emergency and is associated with a high mortality rate. Intravenous infusion of T3 or T4 and glucocorticoids should be combined with 
ventilatory support and temperature control as needed.

Parathyroid

The prevalence of primary hyperparathyroidism increases with age. Of patients with primary hyperparathyroidism, 60% to 70% present initially with nephrolithiasis secondary to hypercalcemia, and 90% are found to have benign parathyroid 
adenomas. Hyperparathyroidism secondary to hyperplasia occurs in association with medullary thyroid cancer and pheochromocytoma in multiple endocrine neoplasia type IIA and, more rarely, with malignancy. In humoral hypercalcemia 
of malignancy, nonendocrine tumors have been demonstrated to secrete a parathyroid hormone-like protein. Secondary hyperparathyroidism usually results from chronic renal disease. The hypocalcemia and hyperphosphatemia associated 
with this condition lead to increased parathyroid hormone production and, over time, to parathyroid hyperplasia. Tertiary hyperparathyroidism occurs when the CRF is rapidly corrected as in renal transplantation.

In addition to nephrolithiasis, signs and symptoms of hypercalcemia include polyuria, polydipsia, skeletal muscle weakness, epigastric discomfort, peptic ulceration, and constipation. Radiographs may show significant bone resorption in 10–
15% of patients. Depression, confusion, and psychosis also may be associated with marked elevations in serum calcium levels.

Immediate treatment of hypercalcemia usually combines sodium diuresis with a loop diuretic and rehydration with normal saline as needed. This becomes urgent once the serum calcium levels rise above 15 g/dl. Several medications can be 
used to decrease serum calcium levels. Etidronate inhibits abnormal bone resorption. The cytotoxic agent mithramycin inhibits parathyroid hormone-induced osteoclastic activity but is associated with significant side effects, and calcitonin 
works transiently again by direct inhibition of osteoclast activity. Hemodialysis can also be used in the appropriate patient population.

The most common cause of hypoparathyroidism is iatrogenic. Thyroid and parathyroid surgery occasionally results in the inadvertent removal of all parathyroid tissue. Ablation of parathyroid tissue can also occur after major head and neck 
surgery and postoperative radiation therapy. Symptoms include tetany, perioral and digital paresthesias, muscle spasm, and seizures. Chvostek's sign (facial nerve hyperactivity elicited by tapping over the common trunk of the nerve as it 
passes through the parotid gland) and Trousseau's sign (finger and wrist spasm after inflation of a blood pressure cuff for several minutes) are clinically important indicators of latent hypercalcemia. Treatment is with calcium supplementation 
and vitamin D analogs.

Adrenal



Adrenal gland hyperactivity can result from a pituitary adenoma, a corticotropin hormone (ACTH)-producing nonendocrine tumor, or a primary adrenal neoplasm. Symptoms include truncal obesity, proximal muscle wasting, "moon" facies, 
and changes in behavior that vary from emotional lability to frank psychosis. Diagnosis is made through the dexamethasone suppression test, and treatment is adrenalectomy or hypophysectomy. It is important to regulate blood pressure and 
serum glucose levels and to normalize intravascular volume and electrolytes. Primary aldosteronism (Conn's syndrome) results in increased renal tubular exchange of sodium for potassium and hydrogen ions. This leads to hypokalemia, 
skeletal muscle weakness, fatigue, and acidosis. The aldosterone antagonist spironolactone should be used if the patient requires diuresis.

Idiopathic primary adrenal insufficiency (Addison's disease) results in both glucocorticoid and mineralocorticoid deficiencies. Symptoms include asthenia, weight loss, anorexia, abdominal pain, nausea, vomiting,
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diarrhea, constipation, hypotension, and hyperpigmentation. Hyperpigmentation is caused by overproduction of ACTH and b-lipotropin, which leads to melanocyte proliferation. Measurement of plasma cortisol levels 30 and 60 minutes after 
intravenous administration of ACTH (250 mg) aids in diagnosis. Patients with primary adrenal insufficiency demonstrate no response. Glucocorticoid replacement is required on a twice-daily basis and should be increased with stress. 
Mineralocorticoid therapy can be given once daily. Of note, patients treated for more than 3 weeks with exogenous glucocorticoids for any medical condition should be assumed to have suppression of their adrenal-pituitary axis and should 
be treated with stress-dose steroids perioperatively.

Pheochromocytoma is a tumor of the adrenal medulla that secretes both epinephrine and norepinephrine. Of these tumors, 5% are inherited in an autosomal dominant fashion as part of a multiple endocrine neoplasia syndrome. Symptoms 
include hypertension (which is often episodic), headache, palpitations, tremor, and profuse sweating. Preoperative treatment begins with phenoxybenzamine (a long-acting α-blocker) or prazosin at least 10 days before surgery. A β-blocker is 
added only after the establishment of α-blockade to avoid unopposed β-mediated vasoconstriction. Acute hypertensive crises can be managed with nitroprusside or phentolamine.

Diabetes Mellitus

Diabetes is a disorder of carbohydrate metabolism that results in a wide range of systemic manifestations. It is the most common endocrine abnormality found in surgical patients and can be characterized as either insulin-dependent (type I or 
juvenile onset) or non-insulin-dependent (type II). Hyperglycemia may result from a variety of etiologies that affect insulin production and function. Management techniques seek to avoid hypoglycemia and maintain high-normal serum 
glucose levels throughout the perioperative period. These goals are often difficult to maintain, however, because infection, stress, exogenous steroids, and variations in carbohydrate intake can all cause wide fluctuations in serum glucose 
levels. Close monitoring is mandatory with correction of hyperglycemia, using a sliding scale for insulin dosage or continuous intravenous infusion in more severe cases. Fluid management should focus on maintaining hydration and 
electrolyte balance.

Hematologic Disorders

A history of easy bruising or excessive bleeding with prior surgery should raise suspicion of a possible hematologic diathesis. A significant number of patients will also present on anticoagulative therapy for coexisting medical conditions. 
After a careful history, the physician should obtain laboratory studies. PT, PTT, and platelet count are included in the routine preoperative screen. PT evaluates both the extrinsic and the final common pathways. Included in the extrinsic 
pathway are the vitamin K-dependent factors II, VII, IX, and X, which are inhibited by warfarin. Conversely, heparin inhibits thrombin and factors IXa, Xa, and XIa, elements of the intrinsic clotting pathway. PTT measures the effectiveness 
of the intrinsic and final common pathways. Relative to the normal population, some patients may demonstrate significant variation in the quantitative levels of certain factors in the absence of clinically relevant clotting abnormalities. 
Thrombocytopenia or platelet dysfunction can also lead to derangements in coagulation. A standard CBC includes a platelet count, which should be greater than 50,000 to 70,000 before surgery. The ivy bleeding time, a clinical test of 
platelet function, should be between 3 and 8 minutes. Fibrin split products may also be measured to help determine the diagnosis of disseminated intravascular coagulation.

Congenital

Congenital deficiencies of hemostasis affect up to 1% of the population. Fortunately, the majority of these deficiencies are clinically mild. Two of the more serious deficiencies involve factor VIII, which is a complex of two subunits, factor 
VIII:C and factor VIII:von Willebrand's factor. Gender-linked recessive transmission of defects in the quantity and quality of factor VIII:C leads to hemophilia A. Because of its short half-life, perioperative management of factor VIII:C 
requires infusion of cryoprecipitate every 8 hours. The disease that has a milder presentation than hemophilia A is von Willebrand's disease, in which bleeding tends to be mucosal rather than visceral.

This disease is categorized into three subtypes. Types I and II represent quantitative and qualitative deficiencies, respectively. These deficiencies are passed by autosomal dominant transmission. Type I von Willebrand's also is characterized 
by low levels of factor VIII:C. Type III von Willebrand's disease is much rarer and presents with symptoms similar to those of hemophilia A. Because of the longer half-life of factor VIII:von Willebrand's factor, patients with type II von 
Willebrand's disease can be transfused with cryoprecipitate up to 24 hours before surgery, with repeat infusions every 24 to 48 hours. Patients with type I von Willebrand's disease require additional transfusion just before surgery to boost 
factor VIII:C levels and normalize bleeding time.

Patients with hemophilia, von Willebrand's disease, and other less common congenital hemostatic anomalies should be followed perioperatively by a hematologist. Correction of factor deficiencies should be
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instituted in a timely fashion, and patients should be monitored closely for any evidence of bleeding.

Anticoagulants

Warfarin, heparin, and aspirin have become commonly used medications in the medical arsenal. Conditions such as atrial fibrillation, deep vein thrombosis, pulmonary embolism, and heart-valve replacement are routinely treated initially 
with heparin, followed by warfarin on an outpatient basis. This therapy markedly decreases the incidence of thromboembolic events and, when appropriately monitored, only slightly increases the risk of hemorrhagic complications. Aspirin is 
widely used both as an analgesic and as prophylaxis for coronary artery disease. Patients taking any of these medications need careful evaluation to assess the severity of the condition necessitating anticoagulation. The benefit of surgery 
relative to the risk of normalizing coagulation should be clearly established with both the patient and the physician prescribing the anticoagulant.

Warfarin should be stopped at least 3 days before surgery, depending on liver function. Patients who have been determined to be at high risk for thromboembolism should be admitted for heparinization before surgery. The infusion rate can 



then be adjusted to maintain the PTT in a therapeutic range. Discontinuation of heparin approximately 6 hours before surgery should provide adequate time for reversal of anticoagulation. In emergency situations, warfarin can be reversed 
with vitamin K in approximately 6 hours and more quickly with the infusion of fresh frozen plasma (FFP). Heparin can be reversed with protamine or FFP. Of note, a heparin rebound phenomenon in which anticoagulative effects are 
reestablished can occur up to 24 hours after the use of protamine. Anticoagulative therapy can be reinstituted soon after surgery if necessary. Most surgeons, however, prefer to wait several days unless contraindicated. The surgeon may often 
find it helpful to discuss the timing of postoperative therapy with the hematologist before surgery.

Aspirin, an irreversible inhibitor of platelet function, leads to prolonged bleeding time. No strong evidence links aspirin therapy with excessive intraoperative bleeding. However, the theoretical risk that aspirin and other nonsteroidal 
antiinflammatory medications present leads most surgeons to request that their patients stop taking these medications up to 2 weeks before surgery to allow the platelet population to turn over.

Liver Failure

Patients with liver failure can present with several hematologic abnormalities. Bleeding from esophageal varices secondary to portal hypertension can lead to anemia. Hypersplenism and alcoholic bone marrow suppression can result in 
serious thrombocytopenia. An elevated PT may indicate a deficiency in the vitamin K-dependent factors of the extrinsic clotting pathway, as well as factors I, V, and XI, which are also produced in the liver. Last, as liver failure progresses, 
excessive fibrinolysis may occur. All of these hematologic sequelae of hepatic failure increase the risk of operative morbidity and mortality. Preoperative management should attempt to correct anemia and thrombocytopenia as indicated and 
replenish deficient clotting factors with FFP. Fluid management may prove to be a difficult issue.

Another less common cause of PT elevation is the intestinal sterilization syndrome in which intestinal flora, a major source of vitamin K, are eradicated by prolonged doses of antibiotics in patients unable to obtain vitamin K from other 
sources. Reversal occurs rapidly with vitamin K therapy.

Thrombocytopenia

A decrease in platelet count can occur as a result of a variety of medical conditions, including massive transfusion, liver failure, disseminated intravascular coagulation, aplastic anemia, hematologic malignancy, and idiopathic 
thrombocytopenic purpura. With the increasing use of chemotherapeutics for a variety of malignancies, the prevalence of iatrogenic thrombocytopenia has risen. Preoperatively, the platelet count should be greater than 50,000; at levels below 
20,000, spontaneous bleeding may occur. Additionally, any indication of platelet dysfunction should be evaluated with a bleeding time. Severe azotemia secondary to renal failure may lead to platelet dysfunction (uremic platelet syndrome). 
Dialysis should be performed as necessary.

Correction of thrombocytopenia with platelet transfusion should preferably come from human leukocyte antigen-matched donors, particularly in patients who have received prior platelet transfusions and may be sensitized. One unit of 
platelets contains approximately 5.5 × 1111 platelets. One unit per 10 kg of body weight is a good initial dose. The platelets should be infused rapidly just prior to surgery.

Hemoglobinopathies

Of the more than 300 hemoglobinopathies, sickle cell disease and thalassemia are by far the most common. Approximately 10% of blacks in the United States carry the gene for sickle cell anemia. The heterozygous state imparts no real 
anesthetic risk. There are significant clinical manifestations to the 1 in 400 blacks who are homozygous for hemoglobin S. The genetic mutation results in the substitution of valine for glutamic acid in the sixth position of the b-chain of
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the hemoglobin molecule, leading to alterations in the shape of erythrocytes when the hemoglobin deoxygenates. The propensity for sickling directly relates to the quantity of hemoglobin S. Clinical findings include anemia and chronic 
hemolysis. Infarction of multiple organ systems can occur secondary to vessel occlusion. Treatment consists of preventive measures. Oxygenation and hydration help maintain tissue perfusion. Transfusion before surgical procedures 
decreases the concentration of erythrocytes carrying hemoglobin S, thereby lowering the chance of sickling.

Multiple types of thalassemia exist, each caused by genetic mutations in one of the subunits of the hemoglobin molecule. Symptoms vary on the severity of the mutation. Patients with the most severe form, b-thalassemia major, are 
transfusion dependent, which often leads to iron toxicity. Other thalassemias cause only mild hemolytic anemia. If transfusion dependency exists, the patient should be screened carefully for hepatic and cardiac sequelae of iron toxicity.

Neurologic

For medicolegal reasons, it is critical to document all neurologic abnormalities. The surgeon should distinguish peripheral from central lesions, and CT or MRI is often helpful in this regard. Frequently, neurologic consultation is sought in 
the setting of subtle findings or confusing or paradoxic findings and for evaluation of possible nonotolaryngologic etiologies of certain complaints, such as headache and dysequilibrium. During preoperative patient counseling, the surgeon 
must be aware of the potential for nerve injury or sacrifice and must communicate the possible sequelae of these actions to the patient.

If the patient has a history of seizures, the surgeon needs to find out the type, pattern, and frequency of the epilepsy, as well as the current anticonvulsant medications in use and their side effects. Phenytoin therapy can lead to poor dentition 
and anemia, whereas treatment with carbamazepine can cause hepatic dysfunction, hyponatremia, thrombocytopenia, and leukopenia, all of which represent concerns for the surgeon and anesthesiologist. Preoperative CBC, liver function 
tests, and coagulation studies are thus advised. Anesthetic agents such as enflurane, propofol, and lidocaine have the potential to precipitate convulsant activity, depending on their doses. In general, antiseizure medications must be at 
therapeutic serum levels and should be continued up to and including the day of surgery.

Symptomatic autonomic dysfunction can contribute to intraoperative hypotension. It may be necessary to augment intravascular volume preoperatively through increasing dietary salt intake, maximizing hydration, and administering 
fludrocortisone.

Additional considerations must be taken into account in patients with upper motor neuron diseases, such as amyotrophic lateral sclerosis, or lower motor neuron processes affecting cranial nerve nuclei in the brainstem. In either case, the 
otolaryngologist may be confronted with bulbar symptoms such as dysphagia, dysphonia, and inefficient mastication. As bulbar impairment progresses, the risk of aspiration increases significantly. When respiratory muscles are affected, the 
patient is likely to have dyspnea, intolerance to lying flat, and an ineffective cough. Coupled with aspiration, these factors put the patient at considerable surgical risk for pulmonary complications. Hence, if surgery is necessary for these 
patients, preoperative evaluation should include a pulmonary workup (including chest radiography, pulmonary function tests, ABG analysis) and consultation. A video study of swallowing function may also be indicated. Finally, the patient's 
neurologist should be closely involved in the decision making (i.e., whether to proceed with surgery).



Parkinsonism presents the challenges of excessive salivation and bronchial secretions, gastroesophageal reflux, obstructive and central sleep apnea, and autonomic insufficiency, all of which predispose to difficult airway and blood pressure 
management in the perioperative period. Dopaminergic medications should be administered up to the time of surgery to avoid the potentially fatal neuroleptic malignant syndrome. Medications such as phenothiazines, metoclopramide, and 
other antidopaminergics should be avoided. Preoperatively, the patient's pulmonary function and autonomic stability should be investigated.

If clinically indicated, patients with multiple sclerosis should also undergo full pulmonary evaluation preoperatively, because these patients can present with poor respiratory and bulbar function. The presence of contractures can limit patient 
positioning on the operating table. In addition, before surgery, the patient must be free of infection because pyrexia can exacerbate the conduction block in demyelinated neurons.

The Geriatric Patient

Of all surgeries currently performed, 25% to 33% are performed on people over 65 years of age. This percentage is likely to increase as the population ages. A greater likelihood of comorbid conditions exists with increasing age. In addition, 
physiologic reserve is often compromised. Preoperative assessment in this population should take these considerations into account and weigh the benefit of the procedure against the often increased risks in this population. Consultation with 
the anesthesia service facilitates planning for high-risk elderly patients.
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Approximately 50% of all postoperative deaths in the elderly occur secondary to cardiovascular events. Severe cardiac disease should be treated before any elective procedure and should be weighed against the benefit of any more urgent 
procedure. If surgery is required, cardiac precautions should be instituted. Patients with physical evidence or a history of peripheral vascular disease should be evaluated for carotid artery stenosis. If a critical stenosis is identified, carotid 
endarterectomy should be performed before any elective procedure that requires a general anesthetic. The risk of a cerebrovascular accident should be considered when evaluating patients for more urgent procedures. From a respiratory 
standpoint, increasing age leads to loss of lung compliance, stiffening of the chest wall, and atrophy of respiratory muscles. In many otolaryngology procedures, the surgeon should consider the risk of intraoperative or postoperative 
aspiration and postobstructive pulmonary edema. Patients with borderline pulmonary function may not tolerate even mild respiratory complications. The function of all the organ systems diminishes with age, necessitating a thorough 
preoperative evaluation to maximize elderly patient safety.

CONCLUSION

This chapter has provided a brief overview of the importance for the surgeon to gather a patient's history and complete a physical exam and preoperative evaluation. Disturbances in one organ system often have repercussions for other 
systems, and so an interdisciplinary approach involving the otolaryngologist, anesthesiologist, internist, and specialized consultants is often warranted. The authors have chosen to emphasize the physiologic aspects of the evaluation. This is 
not intended to overshadow the importance of gaining insight into a patient's psychosocial preparedness, which often requires the help of family members, social workers, psychiatrists, and support groups, as well as a keen sense of intuition 
on the part of the surgeon. Furthermore, the surgeon's preoperative discussions with the patient provide a means to reinforce the patient's postoperative expectations and coping mechanisms. Finally, it must be reiterated that the responsibility 
of ensuring an appropriate preoperative evaluation lies with the surgeon and that the expediency of this process should be in keeping with the best interest of the patient.
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Chapter 2 - OVERVIEW OF DIAGNOSTIC IMAGING OF THE HEAD AND NECK

Nafi Aygun 
Patrick J. Oliverio 
S. James Zinreich 

INTRODUCTION

Diagnostic medical imaging has changed medical and surgical diagnosis in ways never imagined. Every area of clinical medicine has been affected in a profound way. Medical imaging specialists are able, through their consultations, to assist 
the otolaryngologist in a variety of ways, including providing primary diagnosis, confirming a clinical impression, evaluating regional anatomy, assessing response to treatment, and assisting in definitive treatment of patients.

Neuroradiologists are subspecialty trained diagnostic radiologists who specialize in the imaging of the head and neck, skull base, temporal bone, brain, and spine. They are the primary imaging consultants for otolaryngologists.

This chapter provides an introduction and overview of head and neck imaging for the otolaryngologist. The various available imaging modalities are discussed. Imaging strategies for various regions and clinical questions are reviewed. The 
basic approach to the radiologist's image acquisition and interpretation are described so that the referring physician will gain a measure of understanding of this field. This is intended to maximize the usefulness of diagnostic imaging in the 
care of patients.

The scope of head and neck imaging is too broad a topic to be covered in one chapter. The authors provide the clinician with an outline and brief synopsis of the field. Definitive textbooks for each area of head and neck imaging are available.
[13] [47] [49] [53] 

AVAILABLE IMAGING MODALITIES

Conventional Radiography

Since the discovery of the x-ray, it has been used in imaging the head and neck region. The traditional projections obtained with conventional radiography that are applicable to head and neck imaging are described below.

Views of the Facial Bones and Sinuses: Lateral, Caldwell, Waters, and submentovertex (SMV or base) views are attainable. The lateral view shows the frontal, maxillary, and sphenoid sinus. It is best obtained 5 degrees off the true lateral 
position to avoid superimposition of the posterior walls of the maxillary sinuses. The Caldwell view displays the frontal sinuses and posterior ethmoid air cells. It is obtained in the posteroanterior (PA) projection with 15 degrees of caudal 
angulation of the x-ray beam. The Waters view can show the maxillary sinuses, anterior ethmoid air cells, and orbital floors. It is obtained in the PA projection with the neck in 33 degrees of extension. The SMV view can show the sphenoid 
sinuses and the anterior and posterior walls of the frontal sinuses. It is obtained in the anteroposterior (AP) projection with the head in 90 degrees of extension.

Views of the Neck: AP and lateral views of the neck exposed for soft-tissue detail are useful for the evaluation of the overall contour of the soft tissues of the neck. These views are essentially the same projections used in the evaluation of 
cervical trauma, but they are not exposed for bone detail.

Cervical Spine Imaging: The complete plain film assessment of the cervical spine requires AP, lateral, right anterior oblique (RAO) and left anterior oblique (LAO) views, and an open-mouth AP view of the upper cervical spine to visualize 
the odontoid process of the second cervical vertebra. Specialized views such as the "swimmer's" (Twining) or "pillar" views can be used as needed. A "swimmer's" view is used to identify the lower cervical vertebral bodies when they cannot 
be seen from a routine lateral view. The "pillar" view is used to visualize the cervical articular masses en face.

Temporal Bone Imaging: Several projections are acceptable for visualizing portions of the temporal bone, including the Schüller projection, a lateral view of the mastoid obtained with 30 degrees of cephalocaudad
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angulation. The Stenvers projection is an oblique projection of the petrous bone obtained with the patient's head slightly flexed and rotated 45 degrees toward the side opposite the one under study. The beam is angulated 14 degrees. The 
transorbital projection is a frontal projection of the mastoids and petrous bones. Conventional imaging of the temporal bone has largely been replaced by computed tomography (CT) scanning.

Computed Tomography

CT was developed for clinical use in the mid-1970s by Hounsfield. CT uses a tightly collimated x-ray beam that is differentially absorbed by the various body tissues to generate highly detailed cross-sectional images. The degree of 



attenuation of the x-ray photons is assigned a numeric readout. These units of attenuation are known as Hounsfield units (HU) and generally range from -1000 HU to +1000 HU. Water is assigned a value of 0 HU.

 
Figure 2-1 Comparison of various computed tomography algorithms and windows. A, Soft-tissue algorithm and, B, bone algorithm images of a laryngeal hematoma (arrowheads) using soft-tissue windows (350 HU width). The bone 
algorithm image has a grainier appearance, whereas the standard algorithm gives a smoothed image. C, Soft-tissue algorithm and, D, bone algorithm images of the skull base using bone windows (4000 HU width). Note the improved 
sharpness of the petrous apex trabeculae (arrowheads) and bony walls of the mastoid and ethmoid sinus air cells (arrows). 

 

Figure 2-2 Larynx without and with modified Valsalva maneuver. A, Axial contrast-enhanced computed tomography (CECT) performed during quiet breathing does not allow discrimination of the retrocricoid carcinoma (arrow) because the 
posterior pharyngeal wall is collapsed against the mass. B, Axial CECT in the same patient (a few minutes later) obtained with a modified Valsalva maneuver causes distension of the now air-filled hypopharynx, permitting tumor detection 
(arrow). 

 

Figure 2-3 Axial contrast-enhancing computed tomography during breath holding and while phonating. A, This axial computed tomography, obtained during breath holding, shows the true vocal cords adducting and approximating each 
other (arrowheads). Note the superb high-contrast density in common carotid artery (asterisk) and jugular veins. B, Phonating "eeee" causes the vocal cords to partially adduct into the paramedian position. Note that the contrast density has 
significantly decreased in the common carotid artery (asterisk) and the jugular veins in this delayed image, obtained well after contrast infusion had finished. 

 



Figure 2-4 Contrast-enhancing computed tomography (CECT) with suboptimal contrast infusion. This axial CECT of a patient with a left piriform sinus tumor was obtained with insufficient contrast infusion, resulting in poor discrimination 
of the common carotid artery (asterisk) and jugular vein (v) from the isodense adjacent metastatic lymph node (arrow). Inadequate contrast infusion also reduces the likelihood of identifying the focal defect in nodal metastasis. 

 

TABLE 2-1 -- RELATIVE RADIATION DOSE FOR SINUS CT (USING 125 kVp)

mAs Radiation Dose Equivalent

450 4.95–5.40 cSv (4.95–5.40 rem)

240 2.64–2.88 cSv (2.64–2.88 rem)

160 1.76–1.92 cSv (1.76–1.92 rem)

•80 0.88–0.96 cSv (0.88–0.96 rem)

From Zinreich S: Imaging of Inflammatory sinus disease, Otolaryngol Clin North Am 26:535, 1993.
 
 

TABLE 2-2 -- ESTIMATED EFFECTIVE DOSE EQUIVALENT OF COMMON EXAMINATIONS

Examination Effective Dose Equivalent

Sinus series, four views 7.0 mrem

Chest, PA and lateral 7.2 mrem

Kidneys and upper bladder 8.7 mrem

Lumbar spine, five views 125.1 mrem

CT, brain * 112.0 mrem

CT, sinus (160 mAs) † 51.2 mrem

CT, sinus (80 mAs) ‡ 25.6 mrem

From Zinreich S: Imaging of inflammatory sinus disease, Otolaryngol Clin North Am 26:535, 1993; and Zinreich S, Abidin M, Kennedy D: Cross-sectional imaging of the nasal cavity and paranasal sinuses, Operative Techniques 
Otolaryngol Head Neck Surg 1:93, 1990.

*120 kVp, 240 mAs, 10-mm slice thickness, contiguous. 
†125 kVp, 160 mAs, 3-mm slice thickness, contiguous. 
‡125 kVp, 80 mAs, 3-mm slice thickness, contiguous. 

 
 
 
magnets do not require continual input of energy to maintain the magnetic field. They are composed of large magnetic metallic elements set up to generate a uniform magnetic field between components. Super-conducting magnets are 
electromagnets usually composed of niobium-titanium wire. They require input of energy to start them, but once they are up to strength, they are maintained in a super conductive state by means of an encasing system of liquid nitrogen and 
liquid helium shells.

The earth has a magnetic field strength of 0.5 Gauss (G). The tesla (T) is another unit of magnetic strength that is related to G by the equation 1 T = 10,000 G. Clinical MRI units usually operate at magnetic field strengths of between 0.3 and 
1.5 T. Small bore research scanners of strengths of 4.0 T are in use.

Many MR pulse sequences are available to generate images. The most common pulse sequence in MRI is the spin-echo technique.

MRI is one of the most active areas of development and research within diagnostic radiology. MRI derives its signal from hydrogen protons, most abundant in tissue fat and water, by placing them in a high magnetic field. This tends to align 
the spinning protons in the direction of the magnetic field. Radio frequency pulses are transmitted into the subject to excite the spinning protons, changing their orientation with respect to the magnetic field. As the protons realign with the 
magnetic field, they lose energy and give off a signal, which the MR scanner measures and reconstructs into an image. The quality of MRI depends on a high signal-to-noise ratio, which improves image
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contrast and spatial resolution.[14] In general, the higher the field strength of the magnet, the higher the signal-to-noise ratio. Thus MRI scanners with field strengths of 0.5 to 2.0 T are commonly used for imaging.

Surface coils significantly improve the quality of head and neck imaging by increasing the signal-to-noise ratio. A surface coil is a receiving antenna for the radio frequency signal that is emitted from the imaging subject after the initial radio 
frequency stimulation. The standard head coil is usually adequate for studying head and neck disease above the angle of the mandible. A head coil allows imaging of the adjacent brain and orbits, an advantage when head and neck lesions 
extend intracranially. Neck coils cover a larger area from the skull base to the clavicles and come in various configurations, for example, volume neck coil, anterior neck coil, 5-in flat coil placed over the anterior neck, and bilateral 
temporomandibular joint (TMJ) coil. Slice thickness on MRI is most commonly 5 mm, with 3-mm sections used for smaller regions of interest. However, a thinner slice has a smaller signal-to-noise ratio. Occasionally, 1- to 2-mm sections 
may be needed for small structures (e.g., facial nerve), requiring a volume acquisition technique. The number of slices is limited in MRI (as opposed to CT) by the specific sequence used, ranging from 6 to 8 slices with STIR (inversion 
recovery technique) up to 14 to 18 slices with a T2-weighted sequence. Volume acquisition techniques will allow 60 or more thin slices.

 
Figure 2-5 Magnetic resonance imaging artifacts. A, Motion during axial short T1 inversion recovery sequence caused significant degradation of the image with anatomic distortion and mismapping of the signal intensity. B, Metallic dental 
braces cause artifacts distorting anterior facial structures in this T1-weighted image of a boy with juvenile angiofibroma filling the nasal cavity (arrow) and nasopharynx. Anterior maxilla and portion of the nose have been distorted. 

 

Figure 2-6 Common magnetic resonance imaging pulse sequences without fat suppression. A, Axial T1-weighted image (T1WI) of the left glottic tumor (arrowheads), which is intermediate in signal intensity and thickens the true cord. Note 
that the cerebrospinal fluid (CSF) surrounding the spinal cord (arrow) is black, indicating that this is a T1WI. B, Spin density-weighted image also reveals high signal intensity (caused by increased water content) of the vocal cord tumor. 
CSF is now isointense to the spinal cord (arrow), indicating this is a spin density sequence. C, T2-weighted image demonstrates a high signal intensity mass clearly demarcated against the dark background of fat and muscle. D, 
Postgadolinium T1WI shows enhancement of the cord tumor (arrowheads). CSF remains black (arrow). 

 

Figure 2-7 Magnetic resonance imaging pulse sequences with fat suppression. A, Axial T1-weighted image (T1WI) without contrast in a patient with squamous cell cancer shows a poorly defined mass in the left parotid gland (arrowheads). 
Suboptimal signal in the image is the result of a signal drop-off at the edge of the anterior neck surface coil. B, Axial post-gadolinium T1WI with fat saturation has adequate suppression of subcutaneous fat (compared with A) and 
enhancement of the tumor (arrowheads). Center of the mass enhances less and likely is necrotic. Cerebrospinal fluid (CSF) is black (arrow), indicating a T1WI. Note the marked enhancement of the inferior turbinates (asterisks) compared 
with the precontrast T1WI. C, Axial postgadolinium spin density image with fat saturation shows a high signal in the mass (arrowheads) with a lower-intensity necrotic center (asterisk). Fat signal is suppressed and the image is similar to B. 
CSF is isointense with the spinal cord indicating the use of a spin density sequence. Turbinates are very bright. D, Axial T2-weighted image with fat saturation demonstrates nearly ideal fat suppression, almost as good as a short T1 inversion 
recovery (STIR) sequence. Necrotic or cystic center of the mass (asterisk) and CSF (arrow) have become very bright. E, On this axial STIR image with excellent fat suppression, the margin and center of the mass are bright. 



 

Figure 2-8 Gradient echo sequence in patient with right vagal paraganglioma. Coronal multiplanar gradient echo image demonstrates a mass (arrowheads) displacing the internal carotid artery (c) medially. Arterial blood flow is very high in 
signal intensity in the medially displaced internal carotid artery, as well as within the feeding vessels deep inside mass. 

 

Figure 2-9a A, Technetinum-99m (99m Tc)-pertechnetate scintigraphy in a patient with suspected parathyroid adenoma is essentially normal. B, Corresponding T1-201 scintigraphy reveals an apparent area of increased uptake adjacent to the 
lower pole of the right lobe. 



 

Figure 2-9b C, Substraction of the99m Tc-pertechnetate study from the T1-201 study confirms the presence of a parathyroid adenoma. 

 

Figure 2-10a Normal virtual laryngoscopy. A real-time navigation in the larynx can be performed with ease using a workstation and special software. 



 

Figure 2-10b 

 

Figure 2-11 Avoiding dental artifacts on computed tomography (CT). A, Lateral scout image without angulation of the CT gantry (dotted lines represent selected axial images) in a patient with numerous metallic densities in teeth from 
dental work. Posterior tongue (asterisk) and soft palate lie directly posterior to metal. B, Axial contrast-enhanced computed tomography (CECT) at the level of the dental work is not interpretable because of the numerous streak artifacts 
caused by metallic fillings and crowns. C, Scout view depicting additional slices with the CT gantry angled to avoid dental work. D, Angled axial CECT at the same level as B shows a significant improvement in image quality of the 
posterior tongue and oropharynx. 



 

Figure 2-12 Computed tomography in evaluation of sinusitis. A, Axial 5-mm sinus screening noncontrast computed tomography (NCCT) using bone algorithm and bone windows in a patient with chronic right maxillary sinusitis. Excellent 
bony detail is obtained of both maxillary sinuses (posterior wall thickening and sclerosis are present on right) and mastoids. Clear discrimination of soft-tissue opacification of the right maxillary sinus (asterisk) is achieved compared with the 
normal air-filled left maxillary sinus. Pneumatized pterygoid process (arrow) is an extension of sphenoid sinus pneumatization. B, Coronal 3-mm NCCT with bone algorithm and bone windows in the same patient clearly demonstrates 
mucosal thickening and opacification of the right maxillary and ethmoid sinuses, and left maxillary infundibulum (arrow). Sharp anatomic detail of the bony architecture and the use of coronal plane are essential for preoperative planning 
before endoscopic sinus surgery. C, Axial 3-mm contrast-enhanced computed tomography with soft-tissue algorithm and soft-tissue windows exaggerates the right maxillary sinus posterior wall thickness (arrows). Thickened mucosa has a 
thin rim of enhancement along its luminal margin (arrowhead). Combination of bony sclerosis and mucosal thickening is often seen in chronic sinusitis. 

 

Figure 2-13a Recurrent glottic squamous-cell cancer previously treated with radiotherapy. A, T1-weighted, T2-weighted (STIR) and contrast enhanced, fat-saturated T1-weighted MRIs show mild fullness in the left true vocal cord without a 
discrete mass. It is impossible to differentiate post-therapy changes from the recurrent tumor. 

 

Figure 2-13b B, Coronal PET (left) and PET-CT (right) demonstrate increased metabolic activity in the left glottic and subglottic region. C, Axial PET (above) and PET-CT (below) show uptake anterior to the cricoid, compatible with extra-
laryngeal involvement not visualized on the MRI (surgery-pathology proven). 



 

Figure 2-14 The normal computed tomography anatomy of suprahyoid neck. A, Coronal contrast-enhanced computed tomography (CECT) and, B, axial CECT demonstrate low-fat density of the parapharyngeal space (arrow). Note its 
central position as a marker space. The following structures can be identified: anterior belly of digastric muscle (d), genioglossus muscle (g), geniohyoid muscle (gh), lateral pterygoid muscle (lp), masseter muscle (m), medial pterygoid 
muscle (mp), masticator space (MS), mylohyoid muscle (asterisk), nasopharyngeal mucosal space (PMS, small arrows), parotid space (PS), ramus of mandible (r), sublingual space (SL), submandibular space (SM), soft palate (sp), and 
intrinsic tongue musculature (T). 

 

Figure 2-15 The normal computed tomography anatomy of sublingual space, submandibular space, and oral cavity. A, Axial contrast-enhanced computed tomography at superior and, B, inferior tongue levels, respectively. Note the 
following structures: internal carotid (c), epiglottis (e), genioglossus muscle (g), jugular vein (J), lingual tonsil (l), masseter muscle (m), medial pterygoid muscle (mp), masticator space (MS), mylohyoid muscle (asterisk), pharyngeal mucosal 
space of oropharynx (small arrows), prevertebral space (PVS), retropharyngeal space (arrowheads), sublingual space (SL), submandibular space (SM), submandibular gland (smg), intrinsic musculature of tongue (T), and uvula of soft palate 
(u). 



 

Figure 2-16 The normal magnetic resonance imaging anatomy of suprahyoid neck. A, Sagittal mid-line noncontrast T1-weighted image (T1WI). B, Axial noncontrast T1WI at the level of jugular foramen. C, Axial postgadolinium T1WI at 
the same level of B demonstrates enhancement of the nasopharyngeal mucosa and jugular veins. D, Axial noncontrast T1WI at the level of C2 vertebral body and mid tongue demonstrates high signal intensity of parapharyngeal space fat. 
The following structures are labeled: cerebellum (cb), clivus (cl), hard palate (hp), internal carotid artery (arrow), inferior turbinates (it), jugular vein (J), lateral pterygoid muscle (lp), masseter muscle (m), medulla (md), masticator space 
(MS), nasopharyngeal mucosal space (small arrows), pons (p), parotid gland (pg), parapharyngeal space (PPS), parotid space (PS), retropharyngeal space (arrowheads), sphenoid sinus (s), soft palate (sp), intrinsic musculature of tongue (T), 
temporalis muscle (tp), and retromandibular vein (v). 

 

Figure 2-17 Tonsillar abscess. Axial contrast-enhanced computed tomography demonstrates a low-density left tonsillar lesion (arrowheads) with thin peripheral rim enhancement. The left tonsil is increased in size. Partially effaced left 
parapharyngeal space (arrow) is lateral in position. 



 

Figure 2-18 Nasopharyngeal carcinoma. A, Axial contrast-enhanced computed tomography (CECT) demonstrates enhancing lesion (asterisk) involving the pharyngeal mucosa space, retropharyngeal spaces, and prevertebral space. A tumor 
abuts the skull base. B, Axial CECT image with bone settings at the level of the skull base demonstrates a lytic destructive lesion involving the anteromedial left petrous bone (asterisk), medial portion of greater sphenoid wing (arrowhead), 
and adjacent clivus (arrow). 

 

Figure 2-19 Squamous cell carcinoma of oropharynx. Axial contrast-enhanced computed tomography demonstrates a mixed-density enhancing lesion (asterisk) in the right oropharynx. The tumor has extended posterolaterally to surround 
the carotid vessels (arrow). Enhancing lymph node (arrowhead) with low-density necrotic center is noted posterior to the carotid space, lying just beneath the sternocleidomastoid muscle. Enhancement of the adjacent sternocleidomastoid 
muscle indicates muscle invasion. 

 

Figure 2-20 Nasopharyngeal lymphoma. Axial non-contrast computed tomography demonstrates a large homogeneous pharyngeal mucosal space with a nasopharyngeal mass lesion, displacing prevertebral and retropharyngeal spaces 
posteriorly. The lesion bulges into parapharyngeal space bilaterally (arrows). 

 

Figure 2-21 Benign pleomorphic adenoma of the right parotid gland. Axial contrast-enhanced computed tomography demonstrates a dumbbell-shaped tumor with enhancement of its superficial portion. Its deep portion is predominantly low 
density. Parapharyngeal space is displaced medially (arrow). The lateral pterygoid muscle is indented and lies anteriorly (arrowhead). The lesion has displaced the ramus of mandible anteriorly. 



 

Figure 2-22 Acinic cell tumor of left parotid gland. A, Axial contrast-enhanced computed tomography at level of C1 and C2 demonstrates an inhomogeneous irregular mass lesion involving both the superficial and deep portions of the left 
parotid gland. Lesion displaces the parapharyngeal space anteriorly and medially (arrow). Stylomandibular distance is increased. Areas of patchy enhancement are noted around the periphery and throughout the lesion. Lesion has displaced 
the carotid artery posteriorly (arrowhead). B, Axial T1-weighted image demonstrates superior contrast resolution of magnetic resonance imaging. Both superficial and deep portions of the lesion are well outlined. The margin of the lesion 
can be separated from the lateral pterygoid muscle (p), which is displaced anteriorly and laterally. PPS (arrowheads), indicated by its high-intensity fat, is displaced medially. The flow void marks the site of the left carotid artery (arrow). C, 
Axial spin density magnetic resonance imaging image at the level of the skull base demonstrates a well-defined lesion of increased signal intensity. Involvement of both superficial and deep lobes is well delineated. 

 

Figure 2-23 Left carotid space and retropharyngeal space ganglioneuroma. Axial contrast-enhanced computed tomography at the level of mid tongue demonstrates a C- or sausage-shaped, well-defined, low-density lesion in the anteromedial 
portion of the left carotid space. The lesion partially encases the left carotid artery (asterisk) and displaces it posterolaterally. It extends medially into the left retropharyngeal space (arrow). Parapharyngeal space has been displaced laterally. 
Pharyngeal mucosal space (arrowheads) lies anterior to the lesion. 

 

Figure 2-24 Glomus vagale (paraganglioma) of right carotid space. A, Axial T1-weighted image (T1WI) at the level of C2 demonstrates a mixed-density, predominantly low-density lesion involving the posterior aspect of the left carotid 
space. The lesion displaces the posterior belly of the digastric muscle laterally (white arrow) and the internal and external carotid arteries anteriorly (black arrows). Parapharyngeal fat is displaced medially (arrowhead). The lesion bulges 
into the medial aspect of the airway. The small areas of punctate low intensity noted along the margin and in the anterior portion of the lesion represent the tumor vessel flow voids. B, Axial T1WI at the same level postgadolinium injection 
demonstrates dense patchy enhancement of the lesion. Again noted are multiple punctate vascular flow voids within the lesion and around the periphery. Carotid vessels (arrows) are noted overlying the anterior lesion margin. 

 

Figure 2-25 Glomus vagale of left carotid space. A, Axial contrast-enhanced computed tomography at the level of mid tongue demonstrates a relatively homogeneous, well-defined enhancing lesion in the left carotid space. Carotid vessels 
lie on the anteromedial margin of the lesion (arrowhead). Parapharyngeal space is displaced medially (arrow). The lesion lies deep to the sternocleidomastoid muscle (asterisk). B, Anteroposterior digital subtraction angiogram demonstrates 



a densely vascular staining tumor displacing the internal carotid artery medially (arrows). Vascularity and dense tumor stain indicate the lesion is paraganglioma. 

 

Figure 2-26 Left masticator space abscess. Axial contrast-enhanced computed tomography at the level of the superior alveolar ridge demonstrates a low-density lesion (asterisk) in the medial aspect of the left masticator space, involving the 
left lateral pterygoid muscle. The abscess is surrounded by a rim of irregular enhancement. Edema has infiltrated and obscured the parapharyngeal space. Left masseter muscle (arrow) is thickened and edema is present in the soft-tissue 
planes, lateral to the masseter muscle and in the buccal space anteriorly. Note the accessory parotid gland overlying the right masseter muscle (arrowhead). 

 

Figure 2-27 Lymphangioma of left masticator space. A, Axial T1-weighted image at the level of the base of the tongue and tonsillar region of the oropharynx demonstrates an inhomogeneous low-density soft-tissue mass involving the left 
lateral pterygoid muscle (asterisk). It displaces parapharyngeal space medially and anteriorly (arrow). The mass extends to the anterior medial wall of the left oropharynx (arrowhead). B, Axial spin density image with fat suppression 
demonstrates a lesion with bright signal intensity. The lesion margins are now better defined. The lesion can now be separated from the lateral pterygoid muscle. The lesion abuts the anteromedial wall of oropharynx. Anteriorly, the lesion 
extends into the buccal space (arrow), anterior to the cortical margin of mandible. 

 

Figure 2-28 Nasopharyngeal angiofibroma. A, Axial noncontrast computed tomography (NCCT) demonstrates a homogeneous soft-tissue mass enlarging the right nasal aperture. A large component of the tumor projects posteriorly into the 
nasopharynx and oropharynx. B, Coronal NCCT also demonstrates the complete opacification and expansion of the right nasal aperture by a soft-tissue mass. The tumor extends into and widens the right infraorbital fissure (arrow). The 
tumor (asterisk), having destroyed right floor, is present in the sphenoid sinus. C and D, Lateral subtraction angiograms (early arterial and capillary phase) demonstrate a vascular mass in the nasopharynx and nasal aperture. Internal 
maxillary artery (arrow) gives rise to leash of tumor vessels. Dense tumor stain is noted in the capillary phase. 



 

Figure 2-29 Squamous cell carcinoma (SCC) of mandibular ramus. Axial contrast-enhanced computed tomography at the level of C2 demonstrates a large soft-tissue tumor destroying the central portion and medial margin of the left 
mandibular ramus with an extension of the soft-tissue tumor into the masseter and lateral pterygoid muscles. Parapharyngeal space has been displaced medially (arrow). Thin rim of circular enhancement is noted posteriorly and laterally 
(arrowheads). 

 

Figure 2-30 Adenoid cystic carcinoma of masticator space invading left skull base. A, T1-weighted (T1WI) magnetic resonance image demonstrates a low-density, well-defined lesion (asterisk) abutting the lateral border of the clivus and 
destroying the medial apex of the left petrous temporal bone (arrow). Lateral cortical margin of the clivus has been eroded (arrowhead). B, Axial postgadolinium fat-suppressed T1WI demonstrates diffuse patchy enhancement of the left 
middle fossa lesion (asterisk). On this sequence, the normal high signal intensity of fat has been suppressed. C, Coronal postgadolinium fat-suppressed spin density image demonstrates an enhancing tumor (arrowhead) below the skull base 
with the extension through the foramen ovale into the left middle fossa (arrow). D, Coronal spin density with fat suppression postgadolinium infusion demonstrates an enhancing tumor in the expanded vidian canal (arrow) and pterygoid 
fossa (arrowheads). 



 

Figure 2-31 Retropharyngeal space (RPS) edema and abscess. A, Axial contrast-enhanced computed tomography (CECT) at the level of the superior margin of the hyoid bone demonstrates a nasogastric tube (asterisk) in the posterior wall of 
the oropharyngeal airway and mild thickening of the lateral wall of the larynx. RPS is normal (arrowhead). Two lymph nodes (arrows) with rim enhancement lie anterior to the left submandibular gland. B, Repeat axial CECT at the same 
level 6 months later demonstrates a well-defined "bow-tie" appearance of edema in the RPS (arrowheads). 

 

Figure 2-32 Right base of tongue and tonsillar abscess. Axial contrast-enhanced computed tomography of the suprahyoid neck demonstrates an inhomogeneous mixed low-density enhancing mass (arrowheads) in the base of the tongue and 
in the right tonsillar region. Low-density area of the lesion indicates pus within the abscess. 

 

Figure 2-33 Squamous cell carcinoma of the base of tongue and the floor of the mouth. A, Axial contrast-enhanced computed tomography (CECT) at the level of the mid tongue demonstrates a homogeneous lesion (asterisk), isodense 



relative to the muscles of mastication, involving lateral and posterior margins of the left side of tongue, left lateral pterygoid muscle, and tonsillar region of oropharynx. B, Coronal CECT demonstrates a homogeneous mass involving the 
lateral portion of the tongue, extending from the floor of mouth inferiorly to the tonsillar region superiorly (asterisk). Midline septum (arrow) of the tongue is displaced laterally. Necrotic lymph node (arrowhead) lies inferior to the tongue. 

 

Figure 2-34 Non-Hodgkin's lymphoma of the base of tongue and the floor of the mouth. A, Axial contrast-enhanced computed tomography (CECT) at the midlevel of the tongue demonstrates an enlargement of the right side of the tongue by 
a homogeneous mass lesion (asterisk), isodense to the normal tongue musculature. Submandibular space (arrow), located more laterally, is also involved. B, Coronal CECT demonstrates homogeneous involvement of the right inferior lateral 
base of the tongue (asterisk), mylohyoid muscle (arrowhead), and floor of the mouth. Lesion lies above the anterior belly of digastric muscle (arrow). Homogeneous nature of the lesion favors lymphoma. 

 

Figure 2-35 Submandibular abscess and cellulitis. Axial contrast-enhanced computed tomography demonstrates a mixed low-density and enhancing lesion (asterisk) involving the right submandibular space (SMS). Abscess displaces the 
midline structures of the tongue to the left. Edema extends laterally from the SMS into overlying soft tissues. Fat is of increased density because of infiltration by edema. 

 

Figure 2-36 Ranula of left lingual and submandibular space. Axial contrast-enhanced computed tomography at the level of the body of the mandible demonstrates a large, low-density lesion with well-defined margins involving both 
sublingual and submandibular space. Lesion displaces the midline tongue structures (arrow) to the right. Submandibular gland is displaced posteriorly and laterally (asterisk). 



 

Figure 2-37 Infected branchial cleft cyst. Axial contrast-enhanced computed tomography at the midlevel of the tongue and base of the mandible demonstrates a well-defined, low-density lesion in the lateral portion of the submandibular 
space lying anterior to the right sternocleidomastoid. A thin rim of peripheral enhancement is noted anteriorly and medially. The lateral wall demonstrates thick enhancement (arrow). Location favors the second branchial cleft cyst. 
Enhancement of the cyst wall indicates that it is infected. 

 

Figure 2-38 Normal axial contrast-enhanced computed tomography (CECT) anatomy of infrahyoid neck. CECT obtained at: A, hyoid bone; B, false vocal cord; C, true vocal cord; and D, thyroid gland levels. (Streaky densities in the 
superficial fat of the right neck area in A and B are from earlier radiation of the right parotid mass.) Note the following structures: arytenoid cartilage (a), anterior cervical space (AC), aryepiglottic fold (ae), anterior scalene muscle (asm), 
brachial plexus (b), carotid artery (c), cricoid cartilage (cc), epiglottis (e), esophagus (es), hyoid bone (h), jugular vein (J), posterior cervical space (PC), preepiglottic fat (pe), paralaryngeal fat (pl), prevertebral space (PVS), pharyngeal 
mucosal space (small arrows), platysma muscle (large arrow), retropharyngeal space (arrowheads), strap muscle (s), superficial cervical space (SC), sternocleidomastoid muscle (scm), submandibular gland (smg), thyroid cartilage (tc), 
thyroid gland (tg), trachea (tr), and true vocal cord (tvc). 

 

Figure 2-39 Normal axial magnetic resonance anatomy of infrahyoid neck. Noncontrast T1-weighted images obtained at: A, hyoid bone; B, false vocal cord; C, true vocal cord; and D, thyroid gland levels. The following structures are 
labeled: arytenoid cartilage (a), anterior cervical space (AC), aryepiglottic fold (ae), anterior scalene muscle (asm), branchial plexus (b), carotid artery (c), cricoid cartilage (cc), epiglottis (e), esophagus (es), jugular vein (J), posterior cervical 



space (PC), preepiglottic fat (pe), paralaryngeal fat (pl), prevertebral space (PVS), pharyngeal mucosal space (small arrows), platysma muscle (arrowheads), retropharyngeal space (large arrow), strap muscle (s), superficial cervical space 
(SC), sternocleidomastoid muscle (scm), thyroid cartilage (tc), thyroid gland (tg), trachea (tr), and true vocal cord (tvc). 

 

Figure 2-40 Normal sagittal and coronal magnetic resonance of infrahyoid neck. A, Sagittal T1-weighted image (T1WI) and, B, coronal T1WI obtained through the larynx. Note the following structures: cricoid cartilage (cc), epiglottis (e), 
false vocal cord (asterisk), pharyngeal mucosal space (small arrows), preepiglottic fat (pe), paralaryngeal fat (pl), retropharyngeal space (arrowheads), strap muscle (s), superficial cervical space (SC), submandibular gland (smg), trachea (tr), 
and true vocal cord (tvc). 

 

Figure 2-41 Infrahyoid retropharyngeal space and visceral space abscess. A, Axial contrast-enhanced computed tomography at the level of the false vocal cords demonstrates a low-density abscess in the retropharyngeal space (arrowheads) 
creating a "bow-tie" configuration. The abscess extends laterally to the left posterior cervical space and anteriorly into the visceral and anterior cervical spaces. B, Communication between the retropharyngeal space and mediastinum is well 
demonstrated by cephalad extension of this mediastinal abscess (asterisk) posterior to the trachea. 



 

Figure 2-42 Axial non-contrast computed tomography of subcutaneous emphysema highlighting cervical spaces. Gas from a pneu-mono mediastinum has dissected into the anterior cervical space (AC), posterior cervical space (PC), and 
retropharyngeal space (arrowheads). Note the "bow-tie" pattern of the retropharyngeal space. Other labeled structures include the hyoid bone (h), sternocleidomastoid muscle (scm), and prevertebral space (PVS). 

 

Figure 2-43 Prevertebral space (PVS) lesions. A, Axial contrast-enhanced computed tomography (CECT) of the prevertebral abscess extends anteriorly from C5-6 discitis. Anterolateral margins of the abscess (arrowheads) displace 
pharyngeal mucosa and posterior cervical spaces anteriorly. A small amount of gas is present in the abscess on the left. B, Axial CECT of bilateral plexiform neurofibromas (N) arising from the brachial plexus in the PVS shows anterior 
displacement of fat in the posterior cervical spaces (arrowheads). 

 

Figure 2-44 Posterior cervical space lymphangioma. Contrast-enhanced computed tomography reveals a homogeneous, bright, low-density mass with sharp margins displacing the posterior cervical space fat (arrow) posterolaterally and 
internal jugular vein (arrowhead) anteriorly. 

 

Figure 2-45 Piriform sinus squamous cell carcinomas. Axial contrast-enhanced computed tomography shows a mildly enhancing mass in the right piriform sinus (asterisk) displacing the aryepiglottic fold anteromedially. Focal defects in the 
internal jugular and spinal accessory nodes (arrowheads) indicate metastatic tumor spread. Calcification is noted in the internal jugular node. 



 

Figure 2-46 Laryngeal trauma. Axial non-contrast computed tomography at the level of cricothyroid articulation shows a laterally displaced cricoid ring (arrowheads) fracture and subglottic hematoma obstructing the airway. 

 

Figure 2-47 Laryngocele. A, Axial contrast-enhanced computed tomography (CECT) at the level of the thyrohyoid membrane demonstrates an air-filled internal laryngocele (L) displacing the preepiglottic fat and aryepiglottic fold. Note that 
the thyrohyoid membrane is separated from the piriform sinus by the aryepiglottic fold. B, Axial CECT at the true cord level reveals the cause of the laryngocele—an obstructing transglottic carcinoma (m). 

 

Figure 2-48 Epiglottitis. Lateral plain film of the neck demonstrates the swollen epiglottis (arrowheads) and aryepiglottic folds. The lower portion of the stylohyoid ligament (arrow) has ossified bilaterally. 

 

Figure 2-49 Transglottic laryngeal squamous cell carcinoma with vocal cord fixation. A, True vocal cords are adducted on an axial contrast-enhanced computed tomography (CECT) obtained during breath holding, with the tumor extending 
anteriorly and superiorly from the left true cord into adjacent paralaryngeal fat (arrow) and posteriorly into the cricoarytenoid joint (arrowheads). Anterior corner of the calcified left arytenoid cartilage (asterisk) has been eroded by the 
tumor. B, Repeat axial CECT, performed during quiet breathing, reveals fixation of the left true cord in midline. Right cord is partially abducted. 

 

Figure 2-50 Transglottic squamous cell carcinoma with cartilage invasion. Axial CECT at the true vocal cord level shows an enhancing mass (m) originating in the left vocal cord, crossing the anterior commissure, and invading the anterior 
third of the right cord. The tumor has invaded through the anterior thyroid cartilage and displaces the thyroid strap muscles anteriorly (arrowheads). 



 

Figure 2-51 Lingual thyroid gland. A, Densely enhancing mass of ectopic thyroid tissue (T) bulges posteriorly from the tongue at the level of the foramen cecum on the axial contrast-enhanced computed tomography. B, CECT at the upper 
tracheal level reveals that the thyroid gland is absent from its normal location. Note the pseudotumor of the thrombosed internal jugular vein (J) mimicking ring-enhancing node metastasis. 

 

Figure 2-52 Thyroglossal duct cyst. Low-density thyroglossal duct cyst (c) elevates the thyroid strap muscles (asterisk) and laterally displaces the sternocleidomastoid muscle in this axial contrast-enhanced computed tomography. 

 

Figure 2-53 Thyroid follicular carcinoma. Axial contrast-enhanced computed tomography just below the cricoid shows a large mass with nodular calcification (asterisk) displacing the trachea to the right and distorting the airway. Posteriorly 
it has invaded the retropharyngeal space (arrow). 

 

Figure 2-54 Parathyroid adenoma. Retrotracheal ectopic parathyroid adenoma (arrowhead) looks similar to the adjacent normal esophagus (arrow) on an axial T1-weighted image. 



 

Figure 2-55 Normal lymph node anatomy. A, In this 8-year-old child, normal lateral retropharyngeal nodes (arrows) lie medial to the internal carotid arteries (c) and demonstrate a moderately high signal on the T2-weighted images. High-
signal adenoidal tissue is commonly prominent at this age. B, Multiple mildly enlarged nodes (asterisks) are present in the submandibular, anterior jugular, internal jugular, and spinal accessory lymphatic chains on this contrast-enhanced 
computed tomography. Note the eccentric fatty hilum (arrows) in two nodes, a potential pitfall in the diagnosis of focal defect in the metastatic node. 

 

Figure 2-56 Reactive and inflammatory lymph nodes on contrast-enhanced computed tomography (CECT) and magnetic resonance imaging. A, Axial CECT of the hyperplastic nodes in a patient with acquired immunodeficiency syndrome-
related complex displays multiple submental nodes (arrowheads) and an enlarged internal jugular node with central hilar enhancement (arrow). B, Small, normal, or reactive lymph nodes (arrows) enhance on this fat saturation 
postgadolinium T1-weighted image. C, Axial CECT of a tuberculous nodal mass (scrofula) with peripheral enhancement and invasion of the sternocleidomastoid muscle (arrowhead) is difficult to distinguish from the cluster of metastatic 
nodes. 

 

Figure 2-57 Metastatic node on contrast-enhanced computed tomography (CECT). Axial CECT in a patient with a left piriform sinus squamous cell carcinoma (m) and a "normalized" 9-mm node (arrow) with a focal defect (ring 
enhancement with "necrotic" center) is diagnostic of metastasis. 

 

Figure 2-58 Node involvement by non-Hodgkin's lymphoma. Axial contrast-enhanced computed tomography shows a very large, homogeneous spinal accessory node (asterisk) invading both the skin and prevertebral space paraspinous 



musculature. The absence of central necrosis or focal defects in a mass this large is suggestive but not diagnostic of lymphoma. 

 

Figure 2-59 Extracapsular spread in multiple nodes in a patient with tonsillar squamous cell carcinoma (SCC). Left submandibular and spinal accessory node metastases (arrows) have typical ring enhancement and central low density on this 
axial contrast-enhanced computed tomography. The large cluster of metastatic nodes (asterisk) in the left internal jugular chain shows central low-density focal defects. Note the poorly defined infiltrative margins of this mass of nodes 
characteristic of extracapsular tumor spread. Tumor is invading the sternocleidomastoid muscle (arrowheads) posterolaterally and prevertebral space medially. About 40% of the left internal carotid artery (c) circumference is surrounded by 
tumor, which may still allow surgical preservation of the carotid artery. 

 

Figure 2-60 Metastatic nodes and focal defects on magnetic resonance imaging. A, Axial T2-weighted image at the soft-palate level depicts high-signal intensity at the right tonsillar squamous cell carcinoma (SCC) (asterisk). A 10-mm 
metastatic lateral retropharyngeal node of Rouviere with a high-signal intensity central defect (arrow) lies medial to the internal carotid artery (c). B, Left jugular digastric node (arrowheads) with low-signal intensity focal defect (arrow) on 
gadolinium-enhanced T1-weighted image is analogous to focal defect seen with metastases on a contrast-enhanced computed tomography. C, Axial short T1 inversion recovery (STIR) image achieves excellent fat suppression of 
subcutaneous fat (f). Metastatic neuroblastoma is demonstrated in the bright internal jugular and spinal accessory nodes (arrows). Note the bright appearance of the normal tonsillar and parotid gland tissues on STIR. 

 

Figure 2-61 Normal ostiomeatal complex. Coronal noncontrast computed tomography demonstrates the ostiomeatal complex to the best advantage. Normal mucociliary drainage is from the maxillary sinus up through the infundibulum (i) 
and maxillary sinus ostium into the middle meatus (m). Ethmoid bulla (e) and uncinate process (u) form the lateral and medial walls of the infundibulum, respectively. Normal anatomic variant of a Haller air cell (H) underlying the orbit 
causes a mild narrowing of the left infundibulum. Smaller Haller cell is present on the right. Note the mildly asymmetric mucosa of the turbinates (t), which is part of the normal nasal cycle. 



 

Figure 2-62 Acute and chronic sinusitis. Postgadolinium fat saturation T1-weighted image demonstrates an air-fluid level (arrow) in the right maxillary sinus and is diagnostic of acute sinusitis (superimposed on chronic sinusitis). Left 
maxillary sinus is filled with low-intensity secretions and has a peripheral ring of enhancing inflamed mucosa (arrowheads) typical of chronic sinusitis. Mastoid air cells and the left middle ear cavity (asterisk), which normally appear black, 
are filled with enhancing inflammatory tissue. 

 

Figure 2-63a Comparison of computed tomography and magnetic resonance imaging for separating sinonasal small cell tumor from sphenoid pyomucocele. A, Axial contrast-enhanced computed tomography shows a mildly enhancing mass 
(asterisk) in the left posterior nasal cavity and ethmoids, which appears to extend into the sphenoid sinus. Sphenoid sinus contents actually represent two different viscosities of mucus, with higher density mucus anteriorly (arrowhead) 
correlating with most desiccated or viscous mucus. B, Axial noncontrast T1-weighted image demonstrates an intermediate-signal nasal tumor. Anterior, high-signal, viscous mucus (arrowhead) in the sphenoid sinus is clearly discriminated 
from the nasal tumor anteriorly and from the low-signal hydrated mucus (arrow) posteriorly. 

 

Figure 2-63b C, On axial noncontrast T2-weighted image, the nasal tumor signal is intermediate, similar to the brain. Anterior viscous mucus (arrowhead) in the sphenoid sinus has reversed signal to become low intensity, whereas hydrated 
mucus (arrow) posteriorly has now become very bright. 

 

Figure 2-64 Simple mucocele on magnetic resonance imaging. A, Frontal mucocele on axial T1-weighted image expands the right frontal sinus and has a very high-signal central viscous or desiccated component (arrowheads) and a lower-
intensity peripheral concentric ring of less viscous mucus (arrow). B, Axial T2-weighted image reversal of signal intensities in concentric rings, with peripheral hydrated mucus (arrow) becomes bright and the central viscous mucus 
(arrowheads) loses signal. 



 

Figure 2-65 Invasive small cell carcinoma of cribriform plate and orbits. A, Coronal contrast-enhanced computed tomography shows (more clearly than magnetic resonance imaging) a mass centered in the posterior ethmoid sinuses with 
bone destruction of the cribriform plate (arrow) and medial orbits. The tumor has invaded both orbits and maxillary sinuses (arrow-heads). B, Anterior cranial fossa extension (arrow) through the cribriform plate and orbital invasion 
(arrowheads) are well seen on this coronal fat saturation postgadolinium T1-weighted image. C, Sagittal fat saturation postgadolinium T1WI depicts the anterior-posterior dimension of the tumor and extension of enhancing tumor (arrow) 
through the low-intensity cribriform plate and planum sphenoidale (arrowheads). 

 

Figure 2-66 Medial and lateral orbital blowout fractures. A, Coronal noncontrast computed tomography (NCCT) with soft-tissue windows shows an orbital blowout fracture with displacement of the floor (arrow), distortion of the inferior 
rectus, and herniation of orbital fat through the orbital floor defect. Both intraconal hemorrhage and high-density maxillary sinus hemorrhagic air-fluid level are well demonstrated on these windows. Medial orbital blowout fracture 
(arrowhead) is suspected as well. B, Axial NCCT using bone windows shows opacified left anterior ethmoid air cells that help direct the observer to the displaced medial orbital fracture (arrowheads). 

 

Figure 2-67 Facial fractures. A, Bilateral Le Fort type II fractures of the maxillary sinus anterior and posterior walls (arrows) and the pterygoid plates (arrowheads) appear as discontinuities or lucencies of the bone on this 3-mm axial 
noncontrast computed tomography (NCCT). Indirect signs of facial fracture are opacified maxillary sinuses, gas (g) in the right buccal fat pad, and pre malar facial swelling. B, Coronal NCCT clearly demonstrates bilateral pterygoid plate 
fractures (arrowheads). 



 

Figure 2-68a Cholesterol granuloma. A and B, Axial and coronal contrast-enhanced computed tomography (CECT) images demonstrate expansile lesion of the right petrous apex and greater wing of sphenoid. Lesion is homogeneously low 
density in nature. Displaced right internal carotid artery (arrows) lies in the lateral aspect of the lesion. C, Axial CECT bone algorithm image using bone windows demonstrates truncation of the anteromedial portion of the right petrous 
temporal bone (arrow) and adjacent posterolateral portion of the sphenoid bone. The lesion bulges into the right sphenoid sinus. 

 

Figure 2-68b D, Coronal T1-weighted image and E, T2-weighted image demonstrate a lesion that is high intensity on both sequences, consistent with methemoglobin. Right internal carotid artery is noted in the midlateral portion of the 
lesion (arrow). The lesion extends above and below the skull base and invaginates into the sphenoid sinus. 

 

Figure 2-69 Skull base metastasis from adenocarcinoma of the breast. Axial noncontrast computed tomography demonstrates a metastatic tumor infiltrating and destroying a majority of the middle fossa. Clivus (arrow) and anteromedial left 
temporal bone (arrowhead) are especially affected. 

 

Figure 2-70 Metastatic prostate carcinoma to left orbit. A, Axial contrast-enhanced computed tomography (CECT) demonstrates sclerotic metastasis of the posterolateral margin of the left orbit (asterisk). Small soft-tissue component 
(arrow) lies deep to the hyperostosis, displacing the lateral rectus muscle medially. B, Coronal CECT with bone settings demonstrates a marked sclerotic reaction of the superior lateral portion of the left orbit. Intraorbital volume is decreased. 



 

Figure 2-71 Glomus tumor (paraganglioma) of the right petrous temporal bone. Axial contrast-enhanced computed tomography with bone windows demonstrates an infiltrative destructive lesion of the middle and superior portions of the 
right petrous temporal bone (arrow). Poorly defined margin of the lesion is characteristic of a glomus tumor. Soft-tissue mass (arrowheads) is noted in the right cerebellopontine angle cistern and in the inferior portion of the right middle ear 
cavity (asterisk). Previous right mastoidectomy has been performed. 

 

Figure 2-72 Transverse petrous fracture with ossicular dislocation. High-resolution 1.5-mm noncontrast computed tomography using a bone algorithm and bone windows shows a transverse petrous fracture (arrowheads) extending through 
the mastoid bone and semicircular canals. Ossicular dislocation of the head of malleus from its articulation with the fractured body of incus (arrow) is seen. Middle ear opacification also confirms presence of temporal bone trauma. 

 

Figure 2-73 Pars flaccida cholesteatoma. Middle ear cholesteatoma (c) expands the mastoid antrum and epitympanic recess on this axial noncontrast computed tomography. The absence of incus and soft tissue abutting the head of malleus 
(arrow) confirm ossicular erosion. 

 

Figure 2-74 Mondini malformation. Saccular combined vestibule and cochlea (arrowhead) reveal a severe form of Mondini malformation on this axial noncontrast computed tomography. 



 

Figure 2-75 Acoustic schwannoma. Axial fat saturation post-gadolinium T1-weighted image demonstrates a brightly enhancing right cerebellopontine angle mass with intracanalicular (characteristic of acoustic schwannoma) and 
extracanalicular components. Note the acute angle that the mass makes with the petrous ridge (arrow). 

 

Figure 2-76 Magnetic resonance imaging (MRI) of internal auditory canal (IAC) and facial nerve. A, Axial postgadolinium T1-weighted image shows a broad-based brightly enhancing meningioma overlying the IAC. Note its obtuse angle 
(arrow) with the petrous ridge and dural "tail" extending posteriorly (arrowhead), which are characteristic of a meningioma. B, In the same patient, postoperative labyrinthitis has developed on this follow-up axial postgadolinium T1-
weighted images. Abnormal enhancement of the vestibule, semicircular canals (straight arrow), and cochlea (curved arrow) are new findings (which can only be observed by gadolinium-enhanced MRI). 

 

Figure 2-77 Postoperative appearance of neck. A, Axial T1-weighted image demonstrates an earlier left neck dissection (arrow) with removal of the sternocleidomastoid muscle (s) and posterior cervical space fat. B, Patient with an 
osteocutaneous flap, with thick fat (f) on deep and external margins of the mandibular graft (g), has developed a deep recurrent tumor (asterisk) around the carotid sheath. 

 

Figure 2-78 Radiation changes in neck. A, Axial contrast-enhanced computed tomography (CECT) demonstrates streaky densities in fat throughout the superficial cervical and anterior cervical spaces (arrows) and a thickening of the 
platysma muscle (arrowhead). B, Different patient who had radiation therapy for glottic carcinoma has developed a thickening of the epiglottis and aryepiglottic folds (a) on this axial CECT. This finding may persist for many months after 
therapy. 



 
 
REFERENCES  
 
1. Albertyn LE, Alcock MK: Diagnosis of internal jugular vein thrombosis, Radiology 162:505, 1987.  
 
2. Atlas SW and others: STIR MR imaging of the orbit, Am J Neuroradiol 9:969, 1988.  
 
3. Ator GA and others: Evaluation of mandibular tumor invasion with magnetic resonance imaging, Arch Otolaryngol Head Neck Surg 116:454, 1990.  
 
4. Babbel RW, Smoker WRK, Harnsberger HR: The visceral space: the unique infrahyoid space, Semin Ultra CT MR 12:204–223, 1991.  
 
5. Batsakis JG: Tumors of the head and neck: clinical and pathological considerations. Baltimore, Williams & Wilkins, 1979.  
 
6. Brant-Zawadzki M: Magnetic resonance imaging principles: the bare necessities. In Brant-Zawadzki M, Norman D, editors: Magnetic resonance imaging of the central nervous system, New York, Raven Press, 1987.  
 
7. Close LG and others: Computed tomographic evaluation of regional lymph node involvement in cancer of the oral cavity and oropharynx, Head Neck 11:309, 1989.  
 
8. Crawford SC and others: The role of gadolinium-DTPA in the evaluation of extracranial head and neck mass lesions, Radiol Clin North Am 27:219, 1989.  
 
9. Curtin HD: Assessment of salivary gland pathology, Otolaryngol Clin North Am 21:547, 1988.  
 
10. Curtin HD: Separation of the masticator space from the parapharyngeal space, Radiology 163:195, 1987.  
 
11. Davis WL, Smoker WRK, Harnsberger HR: The normal and diseased infrahyoid retropharyngeal, danger, and prevertebral spaces, Semin Ultra CT MR 12:241, 1991.  
 
12. Davis WL and others: Retropharyngeal space: evaluation of normal anatomy and diseases with CT and MR imaging, Radiology 174:59, 1990.  
 
13. Delblasio AM, editor: Maxillofacial imaging, Philadelphia, WB Saunders, 1990.  
 
14. Elliot DO: Magnetic resonance imaging fundamentals and system performance, Radiol Clin North Am 25:409, 1987.  
 
15. Evers K and others: CT sialography: utilising acinar filling, Br J Radiol 58:839, 1985.  
 
16. Fishman EK and others: Three-dimensional reconstruction of the human body, Am J Roentgenol 150:1419, 1988.  
 
17. Fruehwald FX: Clinical examination, CT and US in tongue cancer staging, Eur J Radiol 8:236, 1988.  
 
18. Fruin ME, Smoker WRK, Harnsberger HR: The carotid space of the infrahyoid neck, Semin Ultra CT MR 12:224, 1991.  
 
19. Glazer HS and others: Neck neoplasms: MR imaging. II. Posttreatment evaluation, Radiology 160:349, 1986.  
 
20. Glazer HS and others: Radiation fibrosis: differentiation from recurrent tumor by MR imaging, Radiology 156:721, 1985.  
 
21. Gordon BM and others: Parathyroid imaging with Tc-99m sestamibi, Am J Roentgenol 167:1563, 1996.  
 
22. Hajek PC and others: Lymph nodes of the neck: evaluation with US, Radiology 158:739, 1986.  
 
23. Harnsberger HR: CT and MRI of masses of the deep face, Curr Probl Diagn Radiol 16:141, 1987.  
 
24. Harnsberger HR: Head and neck imaging: handbooks in radiology, Chicago, Mosby, 1990.  
 



25. Harnsberger HR and others: Branchial cleft anomalies and their mimics: CT evaluation, Radiology 152:739, 1984.  
 
26. Hendrix LE and others: MR imaging of optic nerve lesions: value of gadopentetate dimeglumine and fat-suppression technique, Am J Neuroradiol 11:749, 1990.  
 
27. Laine FJ and others: Perineural tumor extension through the foramen ovale: evaluation with MR imaging, Radiology 174:65, 1990.  
 
28. Langman AW and others: Radiologic assessment of tumor and the carotid artery: correlation of magnetic resonance imaging, ultrasound, and computed tomography with surgical findings, Head Neck 11:443, 1989.  
 
29. Mancuso AA, Dillon WP: The neck, Radiol Clin North Am 27:407, 1989.  
 
30. Marentette LJ, Maisel RH: Three-dimensional CT reconstruction in midfacial surgery, Otolaryngol Head Neck Surg 98:48, 1988.  
 
31. Mettler FA, Gulberteau MJ: Essentials of nuclear medicine imaging, ed 3. Philadelphia, WB Saunders, 1991.  
 
32. Moore T, Ganti SR, Lindfors KK: CT appearance of clival chordomas, J Comput Assist Tomogr 10:34, 1986.  
 
33. Olsen WL and others: MR imaging of paragangliomas, Am J Roentgenol 148:201, 1987.  
 
34. Parker GD, Harnsberger HR, Smoker WRK: The anterior and posterior cervical spaces, Semin Ultra CT MR 12:257, 1991.  
 
35. Pernicone JR and others: Three-dimensional phase-contrast MR angiography in the head and neck: preliminary report, Am J Neuroradiol 11:457, 1990.  
 
36. Picus D and others: Computed tomography in the staging of esophageal carcinoma, Radiology 146:433, 1983.  
 
37. Rafto SE, Gefter WB: MRI of the upper aerodigestive tract and neck, Radiol Clin North Am 26:547, 1988.  
 
38. Regelink and others: Detection of unknown primary tumours and distant metastases in patients with cervical metastases: value of FDG-PET versus conventional modalities, Eur J Nuc Med 29:1024, 2002. 

92

 
 
39. Robinson JD and others: Extracranial lesions of the head and neck: preliminary experience with Gd-DTPA-enhanced MR imaging, Radiology 172:165, 1989.  
 
40. Schwartz JD and others: MR imaging of parotid mass lesions: attempts at histopathological differentiation, J Comput Assist Tomogr 13:789, 1989.  
 
41. Shapiro MD, Som PM: MRI of the paranasal sinuses and nasal cavity, Radiol Clin North Am 27:447, 1989.  
 
42. Silver AJ and others: CT of the nasopharynx and related spaces. I. Anatomy, Radiology 147:725, 1983.  
 
43. Silver AJ and others: CT of the nasopharynx and related spaces. II. Pathology, Radiology 147:733, 1983.  
 
44. Smoker WRK: Normal anatomy of the infrahyoid neck: an overview, Semin Ultra CT MR 12:192, 1991.  
 
45. Som PM: Lymph nodes of the neck, Radiology 165:593, 1987.  
 
46. Som PM: Salivary glands. In Som PM, Bergeron RT, editors: Head and neck imaging, St Louis, Mosby, 1990.  
 
47. Som PM, Curtin HD, editors: Head and neck imaging, ed 3. St Louis, Mosby, 1996.  
 
48. Som PM and others: Benign and malignant parotid pleomorphic adenomas: CT and MR studies, J Comput Assist Tomogr 12:65, 1988.  
 
49. Swartz JD, Harnsberger HR: Imaging of the temporal bone, ed 2. New York, Thieme Medical Publishers, 1992.  
 
50. Sze G and others: Chordoma: MR imaging, Radiology 166:187, 1988.  
 
51. Teresi LM, Lufkin RB, Hanafee WN: Magnetic resonance imaging of the larynx, Radiol Clin North Am 27:393, 1989.  
 
52. Thrall JH, Ziessman HA: Nuclear medicine, the requisites, St Louis, Mosby, 1995.  
 
53. Valvassori GE, Mafee MF, Carter BL: Imaging of the head and neck. New York, Thieme Medical Publishers, 1995.  
 
54. van den Akker HP: Diagnostic imaging in salivary gland disease, Oral Surg Oral Med Oral Pathol 66:625, 1988.  
 



55. Vogelzang P, Harnsberger HR, Smoker WRK: Multispatial and transpatial diseases of the extracranial head and neck, Semin Ultra CT MR 12:274, 1991.  
 

93

Chapter 3 - BIOPHYSIOLOGY AND CLINICAL CONSIDERATIONS IN RADIOTHERAPY

Jason K. Rockhill 
George E. Laramore 

INTRODUCTION

The use of ionizing radiation in medicine dates back almost to the very date of its discovery. In 1895, Wilhelm Roentgen discovered x-rays, and 3 years later, Pierre and Marie Curie announced that they had isolated radium from pitchblende. 
The first documented radiation biology experiment was performed inadvertently at about this time when Antoine Becquerel developed a "burn" on his chest from carrying a vial of radium salt in his vest pocket. It soon became apparent that 
this newly discovered entity—"radiation"—had the ability to affect profound biological changes. The public embraced this new agent, and it was touted as a cure for almost every ailment known. The results of these early clinical trials are 
not well documented, but it is probably safe to assume that most were not very successful. However, the first "cure" of a malignant neoplasm achieved with ionizing radiation was reported in the 1899 in Stockholm.[1] Thor Stenbeck treated a 
49-year-old woman's basal-cell carcinoma of the skin on her nose. He delivered 100 treatments in the course of 9 months and she was alive and well 30 years after the treatment. In 1901, Dr. Frand Williams in Boston reported on the 
successful treatment of a lip cancer.[1] 

During the early 1900s, most clinical radiotherapy was done by surgeons who used it as another form of cautery. Radiation was used in large doses to produce a "tissue slough" and the adverse side effects associated with its early use still 
color the attitudes many physicians have toward radiotherapy. Used properly, ionizing radiation produces selective modifications of cells through subtle changes introduced into deoxyribonucleic acid (DNA) and other cellular elements. 
Special training is required to understand these effects and how to best use them in clinical settings. From this need, radiation oncology has emerged as a separate medical specialty.

The capabilities of the radiation oncologist have increased in keeping with advancing technology. Initially, only low-energy x-rays were available, and these were capable of treating only superficial tumors, without causing severe side effects 
to the intervening healthy tissues. High-energy linear accelerators were then developed for research purposes and soon were used to produce "megavoltage" x-rays for medical use in a few large centers, although the "megavoltage" era in 
radiotherapy really began with the use of γ-ray beams from[60] Co sources. Now compact linear accelerators are used routinely in radiotherapy departments. Similarly, research into nuclear physics made it possible to produce many artificial 
radioisotopes that have had application in medicine; the field is no longer restricted to 226 Ra as it was in the past. Also, specialized, high-dose rate brachytherapy devices have been developed, which reduce the duration of the implant and 
simplify the radiation protection problem. Improved treatment modalities such as particle beam radiotherapy, intensity-modulated radiation therapy (IMRT), and chemotherapy-radiotherapy combination treatments have recently emerged into 
routine clinical use and have the potential for changing the field of radiotherapy as much in the future as it has been changed in the past.

The purpose of this chapter is to provide the clinician with an overview of the basic principles of physics and biophysiology that underlie modern radiotherapy. Limitations of space necessitate the presentation of the overall picture only, 
rather than a detailed chronological account of the development of the field. Topics are covered in a manner that assumes no previous experience on the part of the reader. The references cited are representative and illustrative in nature rather 
than comprehensive.

BASIC OVERVIEW OF PHYSICS

Conventional Types of Radiation

Radiotherapy is performed most commonly using high-energy photons (or quanta) of electromagnetic radiation. The electromagnetic spectrum is a continuum
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with radiowaves 103 –105 cm in length lying at one end and energetic cosmic rays 10-12 cm in length lying at the other end. The γ-rays produced from a[60] Co source are about 1.3 million electron volts (MeV) in energy, which corresponds to a 
wavelength of 10-10 cm. Energies of 3 to 5 electron volts (eV) are needed to break chemical bonds, and this typically requires wavelengths shorter than 10-4 cm. Microwaves (12 cm, 1.03 × 10−5 eV) used for heating purposes are much less 
energetic than γ-rays produced from a 60 Co source and act by rotating water molecules in an electromagnetic field.

High-energy photons used in radiotherapy initially interact in matter (i.e., tissue) to produce high-energy electrons by one of three principal processes: photoelectric effect, Compton scattering, or pair production. In the photoelectric effect, a 
photon excites a tightly bound, inner-shell electron and is completely annihilated. This process scales like Z3 /E3 per gram of material, where Z is the "effective" nuclear charge of the material, and E is the photon energy. This process is most 
important for photon energies in the range of 10 to 50 kiloelectron volts (keV), which is the range typically used in diagnostic radiology. A higher effective Z of bone relative to soft tissue causes it to show up well on diagnostic films.

The Compton Effect is most important in the 500-keV to 10-MeV range of photon energies used in therapy. It scales like Z0 per gram of material and decreases in a complex way with increasing energy. Physically, a photon can be thought of 
as transferring a part of its energy to a loosely bound outer electron and emerging at a lower energy and longer wavelength. Within this energy range, all tissues absorb photons at about the same rate on a gram-for-gram basis. This is 
important for therapeutic purposes, such as when managing soft-tissue tumors adjacent to bone. On films exposed with megavoltage x-rays, much of the distinction between bone and soft tissue is lost.

Pair production refers to a high-energy photon being annihilated in the strong electromagnetic field of an atomic nucleus and producing an electron-positron pair. The threshold energy for this process is 1.02 MeV. It scales like Z per gram of 
material and increases with increasing photon energy. For a 10-MeV photon, this accounts for about 28% of the total absorption cross-section in tissue. Other processes also can take place at higher photon energies.



Once one of these primary processes has occurred, a high-energy electron is produced, which creates secondary ionization events as it travels through tissue. Typically, about 34 eV of energy is lost for each ion pair that is produced. The 
resulting ionization clusters are relatively isolated on a scale of typical cellular distances. Most of the events involve water molecules in the cell cytoplasm, and their reaction products initiate complex sequences of chemical reactions that 
generally involve free radicals. The biologic properties of different megavoltage photon beams are essentially equivalent per unit of energy deposited.

Radiation doses are specified in terms of the energy deposited in a unit quantity of material. In the past, the conventional dose unit was the rad, which was equivalent to 100 ergs being deposited per gram of material. More recently, an 
international commission[62] has agreed that radiation doses should be specified in terms of gray (Gy), which corresponds to 1 joule being deposited per kilogram of material. The older literature specifies radiation doses in terms of rad, 
whereas the newer literature specifies doses in terms of Gy. Doses in this chapter are specified in terms of Gy. Numerically, doses in rad can be converted to equivalent doses in Gy by dividing by 100 (i.e., 100 rad = 1 Gy).

Typical depth-dose curves for photon beams used in the therapy of head and neck cancers are shown in the upper panel of Figure 3-1 . The plots are for the dose along the central axis for a 10 cm × 10 cm field size. The energy of the beam is 
specified by the energy to which the incident electron beam is accelerated before impacting the target and actually producing the x-rays. The x-ray beam is a continuum with the maximum energy equal to that of the electron beam. To express 
that a range of x-ray energies is produced, the term MV is used rather than MeV. Appropriate filtering elements also are used to "harden" and "shape" the beam, but for most practical purposes, at a given source-axis distance (SAD), the 
beams from given energy linear accelerators are essentially equivalent. The three curves have the same general shape but vary somewhat in specific details. Note that the curves do not start out at their maximum value, but rather build-up, 
which occurs because the initial, high-energy electrons produced by the photon beam are directed primarily in the forward direction. The number of these electrons increases with depth until a distance equal to the average electronic path 
length is reached. The deposited dose is low at the surface and then increases to a maximum, after which it decreases with depth because of attenuation of the radiation field. The distance of the dose maximum from the surface is referred to 
as Dmax . It varies from 1.2 cm for the 4-MV (80-cm SAD) beam, to 1.3 cm for the 6-MV (100-cm SAD) beam, and to 3 cm for the 15-MV (100-cm SAD) beam. The skin and subcutaneous tissues are spared within this build-up region, 
enabling the delivery of a higher dose of radiation to a deeper tumor. Higher energy photon beams can be used with even
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Figure 3-1 Typical depth-dose curves for megavoltage photon and electron beams commonly used in the therapy of head and neck cancers. The upper panel shows curves for 10 cm × 10 cm fields for a 4-MV (80-cm SAD) linear accelerator 
(dashed line), a 6-MV (100-cm SAD) linear accelerator (solid line), and a 15-MV (100-cm SAD) linear accelerator (dotted line). The lower panel shows depth-dose curves for 10 cm × 10 cm fields for 6-MeV (dashed line), 12-MeV (solid 
line), and 2-MeV (dotted line) electron energies. 

 

Figure 3-2 The upper panel shows a typical depth-dose curve for a neutron beam used in therapy. It is for a 10 cm × 10 cm field size and was generated from a 50-MeV p → Be reaction at 150 cm SAD. The lower panel shows the pure Bragg 
curve (solid line) for a neon ion beam of energy 425 MeV/amu and the resulting curve (dotted line) when a 4-cm spiral ridge filter (SRF) is used to broaden the beam for therapy. The data in the lower panel are from the BEVALAC facility at 
the Donner Laboratories. 



 

Figure 3-3 A representative cell survival curve (solid line) for mammalian cells exposed to single doses of radiation. The surviving cell fraction is plotted on a logarithmic scale, and the radiation dose is plotted on a linear scale. Dq 
characterizes the width of the shoulder region, which in target theory also may be characterized by the extrapolation number, N. Do characterizes the slope of the "straight line" portion of the curve. The dotted line shows the extrapolation of 
the linear portion of the curve back to the abscissa. The dashed line shows the regeneration of the cell survival curve if, after giving a certain amount of radiation, 6 to 8 hours are allowed to pass before additional radiation is given. (Redrawn 
from Hall EJ: Radiobiology for the radiologist, Philadelphia, 1994, JB Lippincott.) 

 
 
S = 1 − [1 − exp(−D/Do )]N  
 
where S is the surviving fraction, D is the radiation dose, and N and Do are as indicated in the figure. In target theory, N can be thought of as the number of distinct targets in the cell that should receive one radiation "hit" before the cell is 
inactivated. Other parameters also can be introduced into the analysis by requiring more than one radiation hit to inactivate a given target, but such refinements are beyond the scope of this overview. Radiobiologic data also can be analyzed 
using a linear-quadratic model of the form 
 
S = exp(−αD − βD2 ) 
 
where α and β are simply parameters used to fit the curve over some restricted dose range.[40] Large β:α ratios correspond to curves with large shoulder regions. There is one final point to note from Figure 3-3 . If 5 Gy are given, resulting in a 
10% cell survival, and then 6 to 8 hours pass before giving additional radiation, the shoulder region of the survival curve is regenerated as shown by the dashed curve. During the waiting period, the cells have regained most of their original 
ability to recover from small doses of radiation. This is called sublethal damage repair.

The basic features of the cell survival curves can be qualitatively understood in terms of the DNA repair processes as outlined in Figure 3-4 . The complementary strands of the helix are represented by the parallel straight lines, and the base 
pairings between the 



 
Figure 3-4 Schematic illustration of the interaction of radiation with cellular deoxyribonucleic acid (DNA). In the upper portion, the radiation interacts with one strand of the DNA, and using the appropriate repair enzymes, the cell can 
excise the damaged portion and reproduce the affected region using the genetic information on the complementary strand. In the lower portion, the radiation interacts with both strands of the DNA. When the cell attempts to repair the 
radiation damage, genetic information is lost. 

 

Figure 3-5 Survival curves for cultured human cells exposed to radiation having different linear energy transfers (LETs). The triangles indicate data for 250 kVp x-rays, the open circles indicate data for 15 MeV neutrons from a DT reaction, 
and the closed circles indicate data for 4 MeV α-particles. Note that with increasing LET, the shoulder on the curve decreases, and the slope of the straight portion increases. (Redrawn from Hall EJ: Radiobiology for the radiologist, 
Philadelphia, 1994, JB Lippincott; original data from Broerse JJ, Bardensen GW, van Kersen GR: Int J Radiat Biol 13:559, 1967.) 

 

Figure 3-6 Plot of relative radiosensitivity of cells as a function of the oxygen concentration in Torr. Well-oxygenated cells are 2.5 to 3.0 times more sensitive than their hypoxic counterparts. Oxygen concentrations for room air and 100% O2 
at 1 atmosphere of pressure are indicated by the arrows. This curve is schematic and is not meant to represent any particular cell line. 

 

Figure 3-7 Cell survival curves for human kidney cells irradiated during hypoxic and well-oxygenated conditions for radiation beams having different LET values. The open circles represent the well-oxygenated cells, and the closed circles 
represent the hypoxic cells. A, 250 kVp x-rays; B, 15 MeV neutrons from a DT generator; C, 4 MeV a-particles; and D, 2.5 MeV a-particles. Values of the oxygen enhancement ratio (OER) are indicated in the respective panels. The OER 
decreases as the LET increases. (Redrawn from Hall EJ: Radiobiology for the radiologist, Philadelphia, 1994, JB Lippincott; original data from Broerse JJ, Bardensen GW, van Kersen GR: Int J Radiat Biol 13:559, 1967.) 



 

Figure 3-8 Schematic illustration of the variation in the radiosensitivity of mammalian cells with their position along the cell cycle. The abscissa shows relative radioresistance as a function of time after "shake-off." The relative position 
along the cell cycle is indicated along the top of the curve. The curve is schematic and not meant to represent any particular cell line. 

 

Figure 3-9 Cell survival curves for synchronously dividing Chinese hamster ovary cells at different points along the cell cycle. The open symbols indicate cells irradiated with 60 Co γ-rays, and the closed symbols indicate cells irradiated with 
a 50 MeV D→Be neutron beam from the TAMVEC facility. The circles represent cells in late S and early G2 ; the squares represent cells in late G1 ; and the triangles represent cells in mitosis. (Redrawn from Gragg RL and others: Radiat 
Res 76:283, 1978; and Meyn RE: personal communication, 1984.) 

 

Figure 3-10 Potentially lethal damage repair for Chinese hamster ovary cells irradiated in the plateau phase. The circular data points correspond to cells irradiated with 60 Co photons, and the square data points correspond to cells irradiated 
with a 50 MeV D→Be neutron beam from the TAMVEC facility. The open symbols indicate cells plated out immediately, and the closed symbols represent cells plated out after an 8-hour delay. Surviving cell fraction is plotted along the 
abscissa as a function of the radiation dose. (Redrawn from Gragg RL, Humphrey RM, Meyn RE: Radiat Res 71:461, 1977.) 



 

Figure 3-11 Dose-response curves for tumor control (solid line) and for healthy tissue damage (dashed line) for a "radiosensitive" tumor. This corresponds to a wide "therapeutic window," in that doses that yield a high probability of tumor 
control have a low probability of causing healthy tissue damage. 

 

Figure 3-12 Dose-response curves for tumor control (solid line) and for healthy tissue damage (dashed line) for a "radioresistant" tumor. This corresponds to a narrow "therapeutic window," in that doses that yield a high probability of tumor 
control have a high probability of causing healthy tissue damage. 

 

Figure 3-13 Illustration of the effects of fractionated radiotherapy on a heterogeneous cell population. Surviving cell fraction is plotted along the abscissa as a function of the radiation dose. The dose is given in increments, D, with the time 
interval between successive doses being long enough to allow for sublethal damage repair. The initial dose increment kills a greater fraction of well-oxygenated cells than it does their hypoxic counterparts. It also preferentially kills those 
cells in the radiosensitive phases of the cell cycle. The solid curve indicates when the remaining cells reoxygenate and redistribute along the cell cycle before the next radiation dose is given. The dashed curve indicates when there is no 
reoxygenation or redistribution, and successive radiation doses are delivered to a more radioresistant cell population. The figure is schematic and is not meant to represent any particular cell line. 



 
 
NSD = Dt /T0.11 N0.24  
 
where Dt is the total radiation dose. The exponents in this expression are for skin and no doubt vary for other tissues.

The linear-quadratic model discussed earlier in this chapter provides another way of comparing the biologic effectiveness of different radiation schedules. Assuming that there are n separated doses of radiation of magnitude, D, and 
neglecting the effect of cellular proliferation, the cumulative biologic effect of the treatments can be given by 
 
E = nD(α + βD) = αDt (1 + Dβ/α) 
 
where Dt is the total dose of radiation. Dividing through by α the following is obtained 
 
E/α = Dt (1 + Dβ/α) 
 
where E/α is the biologically effective dose. For purposes of comparing radiation schedules, α/β = 3 can be used for late-responding tissues, and α/β = 10 can be used for early-responding tissues (i.e., acute effects). It is also possible to 
modify this expression to crudely account for tumor proliferation (repopulation) during the radiation course. [38] 

Altered Fractionation Schedules

The highly fractionated radiotherapy schemes used today are the result of many years of clinical experience, but radiobiologic considerations may provide guidance for their improvement. For example, acute radiation side effects, such as 
mucositis and pharyngeal edema, are caused by changes in tissues that are composed of rapidly proliferating cells. Late effects, such as subcutaneous fibrosis, vascular damage, radiation necrosis, and spinal cord injury, are caused by changes 
in tissues composed of more slowly proliferating cells. Radiobiologic measurements indicate that for low-LET radiation, the tissues experiencing late effects are characterized by cell survival curves having large shoulders.[61] The late effects 
limit the total dose that can be delivered in the treatment of head and neck cancer. Hence, a logical approach would be to give smaller radiation treatment fractions so as not to exceed the shoulder on the late effects tissue curves and then give 
a higher total dose, which modeling predicts would yield greater tumor control. This would effectively widen the therapeutic window. Note that the assumption is implicitly made that the tumor will behave like the rapidly proliferating 
healthy tissues and thus will not have a large shoulder on its cell survival curve. To avoid too great a prolongation of the overall treatment time and hence allowing tumor repopulation kinetics to dominate, multiple daily fractions must be 
given. A sufficient time interval (generally ∼6 hours) should elapse between the multiple daily treatments to allow for adequate repair of sublethal and potentially lethal damage in the healthy tissues. Several possible fractionation schemes 
are outlined in Figure 3-14 . Discussion of these schemes follows.

Hyperfractionation is the administration of multiple daily doses of radiation of such a size that the overall treatment time is about the same as for a conventionally fractionated course of once-a-day radiotherapy. Several randomized phase III 
clinical trials recently have been completed using the hyperfractionation approach. * None of these trials has shown a significant improvement in overall survival, but local and regional control is better by 10% to 15% compared with standard 
fraction radiotherapy. More important, several radiobiological principles have been verified, including the ability of normal tissue to repair much of the radiation damage in time intervals of approximately 4 to 6 hours. The acute side effects 
of hyperfractionation are generally slightly greater than with standard fractionation, but the long-term effects appear to be very similar.

Accelerated fractionation is the administration of multiple daily radiation doses of larger size to reduce the overall treatment time. Where there are innumerable schemes that can be used, we will discuss three basic types utilizing the 
nomenclature of Ang.[5] 

Type A

One of the more extreme accelerated schedules is the continuous hyperfractionated accelerated radiotherapy treatment (CHART) regimen.[17] This regimen consists of giving three daily radiation treatments of 1.5 Gy each for a total dose of 54 
Gy without giving any weekend breaks. This was compared in a randomized study with standard fractionation (66 Gy in 33 fractions) for head and neck cancers. As might be expected, acute radiation reactions in the CHART arm have been 
severe, but resolve more rapidly. There was a trend toward improved primary tumor control in the CHART arm but no significant difference in overall survival. This study does demonstrate that tumor repopulation can be addressed by 
hyperfractionation

*References [4] [15] [17] [28] [54] [59] [60] . 
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Figure 3-14 Various types of treatment fractionation schemes currently used in the treatment of head and neck cancer. 

 

Figure 3-15 A, Initially there was little ability to modify radiotherapy fields. B, Customized blocking allowed the fields to be shaped to conform to the area of interest. C, IMRT allows the intensity of the dose to be varied across the field. 

 

TABLE 3-1 -- LOCAL CONTROL RATES FOR SALIVARY GLAND TUMORS TREATED DEFINITIVELY WITH RADIOTHERAPY

Photon radiation

Historical data

••61/254

••24%

Randomized trial

••2/12

••17%

Neutron radiation

Historical data

••194/289

••67%

Randomized trial

••9/13

••67%

The appropriate references are in the papers by Laramore and Griffin and others. (Laramore GE: Int J Radiat Oncol Biol Phys 13:1421, 1987 and Griffin TW and others: Int J Radiat Oncol Biol Phys 15:1085, 1988; by permission from 
Pergamon Press.)
 
between the two groups of patients and historical control data that closely paralleled the trial results, it was thought to be unethical to continue the trial further. Ten-year data on this study have been published that continue to show improved 
local and regional control in the neutron group (56% vs 17%, P = .009) but no difference in survival rate because of the development of distant metastases.[42] These early results have been supported by recently reported updates from the 
University of Washington.[19] [20] The five-year actuarial local-regional tumor control of 151 locally advanced adenoid cystic carcinomas with gross residual disease was 57%, with an overall survival of 72%.[20] The five-year actuarial local-



regional control, for all histologies, was better (80%) if the tumors were less than 4 cm in size and surgical resection was attempted.[19] Both reviews found an increased risk of developing distant metastases if there was base-of-skull or lymph 
node involvement. Overall survival will not be significantly improved until better treatment of distant metastases is developed.

Charged Particle Radiotherapy

The use of heavy charged particles in radiotherapy allows the delivery of high radiation doses to tumors without causing much damage to the healthy intervening tissue. In terms of the curves in Figure 3-12 , this enables the delivery of 
comparatively low doses on the healthy tissue side effects curve and at high doses on the tumor-response curve. The RBEs for protons and α-particles are similar to standard photon irradiation while the RBEs for stripped carbon, neon, and 
silicon nuclei are much higher. The trailing edge of the Bragg peak for protons and α-particles falls off very rapidly because there are no fragmentation effects. With such beams, it is possible to deliver very high doses to the target volume 
with millimeter precision. In certain patients, such as those with juxtaspinal cord tumors, some head and neck sarcomas, and chordomas of the clivus, these beams often are the only way of delivering curative doses of radiation without 
causing life-threatening complications. Local control rates using this approach are excellent.[6] [8] [39] Harvard has reported on the successful treatment of nine patients with esthesioneuroblastoma or neuroendocrine carcinomas of the paranasal 
sinuses with induction chemotherapy followed by proton radiation and then two more cycles of chemotherapy.[9] Eight of the nine patients avoided surgery and the one that had surgery also received post-operative radiation. There have been 
no recurrences at a mean follow period of 14 months.

Hyperthermia and Radiotherapy

Hyperthermia refers to the use of elevated temperatures in an attempt to control tumors. In killing cells with heat alone, the temperature to which the tissue is increased and the exposure time at that temperature are the critical factors. At least 
three basic mechanisms have been proposed in heat-induced cell death: (1) altered membrane permeability; (2) microtubule breakdown; and (3) enhancement of antigen expression or antigen-antibody complexation.

A marked synergy has been shown between hyperthermia and ionizing radiation. Tissue culture experiments show that the cytotoxic effects of these two modalities are additive in the G1 phase of the cell cycle but are synergistic late in the S 
phase. This may be a result of the inhibition of DNA repair by heat shock proteins or by alterations of cellular membrane structures important in the repair process. Hyperthermia also seems to inhibit repair of potentially lethal damage in 
cells in the Go phase. A low pH renders cells more sensitive to heat, and in tumors, a low pH generally is associated with hypoxic cells. Hence, hyperthermia could potentially help to eradicate the fraction of cells most resistant to 
conventional photon irradiation.

The most significant impediment to a thorough study of hyperthermia is the inability to deliver and monitor thermal dosages in clinical trials. Methods of delivery include radiofrequency heating, use of microwaves, and ultrasound. In most 
patients, the resulting temperature profiles are highly incongruent,
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making it difficult to address fundamental issues, such as the optimal sequencing of the two modalities. Although the relatively superficial tumors of the head and neck are easier to heat than more deeply seated tumors located elsewhere in 
the body, interest in the approach is waning because of the lack of any documented clinical benefit.

Radiosensitizers and Radioprotectors

Radiosensitizers are chemical agents that potentiate the effects of radiation. They should, ideally, be nontoxic in themselves. The basic idea is to increase the effect of the radiation on tumor cells but not on healthy tissue and thus "separate" 
the two dose-response curves. Hence, these agents should exploit some key differences between the two tissues. The halogenated pyrimidines such as 5-bromodeoxyuridine (BUdR) are preferentially incorporated into the DNA of rapidly 
proliferating cells in place of thymidine. After their incorporation, the cells are able to repair radiation damage to a lesser degree. The application of these agents for head and neck cancer may be limited because the oral mucosa is a rapidly 
cycling tissue and also is sensitized. High electron-affinic hypoxic cell sensitizers, such as misonidazole and etanidazole, preferentially sensitize hypoxic cells, which should be more common in tumors than in healthy tissue. Many studies 
using misonidazole have been done; the results are mixed. A review by Dische showed that misonidazole was beneficial in only 5 of 33 clinical trials involving various tumor sites.[18] 

Several randomized trials using misonidazole have been done. As noted in the preceding section on altered fractionation, the EORTC conducted a trial combining misonidazole with an altered fractionation regimen and found no 
improvement in either local control or survival rate compared with a course of standard fractionation radiotherapy.[56] A randomized trial was conducted in Denmark to evaluate the effect of adding misonidazole to two different split-course 
radiotherapy regimens.[47] A total of 626 patients were entered into the study. There was no difference in overall local control rates with the addition of misonidazole (37% vs 34%), but a subset analysis showed a benefit for the patients with 
pharyngeal lesions. The preirradiation hemoglobin level also was found to be of prognostic importance. The RTOG performed a trial of 298 patients, evaluating the addition of misonidazole to a "standard" course of radiotherapy.[25] [26] There 
were no significant differences in either local control or survival rate, and subset analysis failed to reproduce the results of the Danish group with respect to either pharyngeal primaries or pretreatment hemoglobin levels.

A problem with the use of misonidazole as a hypoxic cell radiosensitizer relates to peripheral neuropathy, which is its principal toxicity. This limits the amount of radiosensitizer that can be used, and it may be that insufficient amounts were 
utilized in the clinical trials reported to date. Newer agents—such as etanidazole and nimorazole—are less toxic than misonidazole, and clinical trials using these agents may be more adequate tests of the radiosensitization concept.

Another approach to widening the therapeutic window is to shift the normal tissue-response curve to the right without changing the position of the tumor-response curve via the use of agents that selectively "protect" the healthy tissues in the 
radiation field. The radioprotective agent studied most extensively thus far is a thiophosphate derivative of cysteine known as Amifostine. This compound probably protects cells by neutralizing intracellular free radicals before they can 
interact with the key target areas. Clinical work shows that it protects the bone marrow during hemibody irradiation.[14] Amifostine preferentially concentrates in the salivary glands, and thus it may be advantageous in reducing the xerostomia 
that often is a result of the radiotherapeutic treatment of head and neck cancer.[11] New and more effective agents are being developed.

CHEMOTHERAPY AND RADIOTHERAPY COMBINATIONS

Two basic intents to the addition of chemotherapy to the treatment regimen for those with head and neck cancer are: (1) a synergistic effect with radio-therapy may occur by the chemotherapy altering the radiobiologic parameters α, β, and 
the effective tumor doubling time; and (2) the chemotherapy may be effective at eradicating micrometastases, thus reducing the incidence of distant metastases. Chemotherapy for head and neck cancers, given as either induction or as 
concurrent with radiotherapy, has been rather disappointing in terms of overall patient survival. The various trials to date have not shown overwhelming evidence of showing an improvement in overall survival. The lack of improvement may 
be the result of a variety of factors, including the risk factors of the patient population for comorbidities and second cancers and the attempt to better optimize concurrent chemoradiotherapy protocols. However, improvement has occurred in 
secondary endpoints such as primary tumor response, disease-free interval, and organ preservation.



By far, the most data have been accumulated on the sequential addition of chemotherapy to the regimen. The most prominent study on induction chemotherapy is the Veterans Affairs Lagengeal Cancer Study Group.[16] More than 300 
surgically resectable patients were randomized to either total laryngectomy and
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post-operative radiotherapy vs induction chemotherapy with cisplatin and fluorouracil followed by radiotherapy. Those patients on the sequential chemotherapy followed by radiotherapy were re-evaluated after the modality and were taken to 
surgery if there was not significant disease regression. A functioning larynx was maintained in 62% of the surviving patients in the chemotherapy followed by radiotherapy. Survival was not significantly different in the two treatment arms.

Intergroup trial R91-11 built on the results of the VA Laryngeal Study.[27] The three arms of this trial were induction chemotherapy vs radiotherapy alone vs radiotherapy with concurrent cisplatin. At two years, 88% of the concurrent 
chemoradiotherapy group had preserved their larynx, 74% for the induction chemotherapy followed by radiotherapy group, and 69% for the radiotherapy only group.

Currently, clinicians have shown more interest in using chemotherapy concomitantly with radiotherapy, which has greater potential for giving a synergistic rather than an additive effect. However, this regimen is also associated with 
increased acute toxicity. Large-scale, randomized clinical trials using this approach are only now being done. An early success of this approach is Intergroup Study 0099 for locally advanced nasopharyngeal cancer, which stopped early 
because an interim analysis showed a statistically significant advantage to the experimental arm.[3] In the experimental arm, patients were given concomitant chemotherapy consisting of cisplatinum at 100 mg/m2 every 3 weeks along with 
radiotherapy followed by 4 cycles of consolidation chemotherapy with cisplatinum and 5-fluorouracil. In the control arm, patients were treated with standard fractionated radiotherapy. A significant improvement in overall survival was seen 
at 3 years with 78% survival in the chemoradiotherapy arms vs 47% in the radiotherapy only arm. Nasopharynx appears to behave differently from other head and neck cancers.

The second-generation chemoradiotherapy trials from the Intergroup looked at three different treatment arms in unresectable head and neck cancers (hypopharynx, larynx, oral cavity, base of tongue, and tonsil.)[2] The first arm was 
radiotherapy alone. The second arm was standard radiotherapy and concurrent cisplatin at 100 mg/m2 on days 1, 22, and 43. The third arm was split course radiotherapy with concurrent cisplatin and fluorouracil. After two cycles of 
chemotherapy and 30 Gy, those patients with a complete response or who were still unresectable received another cycle of chemotherapy and another 30 to 40 Gy. Those who had a partial response went on to be resected. The projected 3-
year overall survival was 23% for the radiotherapy alone group, 37% for the combined chemoradiotherapy group, and 27% for the split course chemoradiotherapy. Toxicity was much more significant for the combined modality groups. The 
role of combining chemotherapy and radiotherapy is still evolving. Work is continuing on ways to combine altered fractionation schemes and chemotherapy.
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Chapter 4 - CHEMOTHERAPY FOR HEAD AND NECK CANCER

Arlene A. Forastiere 
Merrill S. Kies 

INTRODUCTION

The otolaryngologist frequently cares for patients with head and neck cancer who will receive chemotherapy as a component of their treatment ( Table 4-1 ). Most often, these patients have locally advanced squamous cancer or metastatic 
disease not amenable to curative therapy with surgery or radiation. Many patients have recurrent disease after earlier surgery and radiotherapy. Chemotherapy may also be indicated for patients with advanced carcinomas of the oropharynx or 
larynx as an aspect of primary management. Of course, chemotherapy is also administered in experimental protocols as an induction regimen, or it can be given concomitantly with radiotherapy for patients with a high risk of tumor relapse. 
The focus of this chapter will be on chemotherapy for squamous cell carcinomas of the head and neck, although salivary gland cancers, melanomas, and sarcomas are other processes that may be treated with systemic therapy.



Surgeons should be familiar with: (1) the principles of administering chemotherapy in a clinical trial; (2) the appropriate dose and expected side effects of specific chemotherapeutic agents; (3) the basic principles of combination 
chemotherapy in combined modality programs; and (4) the standard use and experimental approaches of chemotherapy for squamous cell carcinomas and salivary gland tumors.

PRINCIPLES OF CLINICAL TRIALS

The efficacy of chemotherapy or combined modality programs is investigated through clinical trials.[201] To evaluate the use of a particular treatment, clinicians establish at the onset the parameters to be evaluated: objective response rate, 
survival, disease-free survival or duration of response, and toxicity are commonly identified. The parameters of interest for a specific trial design are defined before the initiation of the study and analyzed at the completion of the study. The 
primary end points depend on the nature of the clinical trial or phase of testing.

The evaluation of chemotherapeutic agents occurs in three steps or phases. The goals of phase I trials are to determine the toxic effects associated with a new drug and to establish the highest dose of the drug that can be safely administered. 
Patients with different tumor types refractory to conventional chemotherapy are enrolled. The purpose of phase II trials is to determine whether a drug or drug combination tested in patients with the same tumor type has enough activity to 
warrant further testing in a comparative trial. The primary end point is response rate. Phase III trials are randomized comparisons of two or more treatment options, often comparing a standard treatment to a new or more complex therapy. 
Response rate, progression-free survival, or response duration and survival are primary end points. The determination of sample size and patient entry criteria and the follow-up evaluation and monitoring of patients are critical for a valid 
interpretation of a phase III trial.[168] 

Standard definitions exist for the various end points in clinical trials that allow objective reporting of results. Definitions of response are complete, partial, minor, stable, and progressive disease ( Box 4-1 ). The most meaningful response in 
terms of prolongation of survival is the attainment of a complete response in which no tumor is detectable after a clinical and radiographic examination. By convention, a partial response indicates that the disease has regressed by at least 
50% as determined by serial bidimensional measurements and that no new lesions have appeared elsewhere for at least 4 weeks. The response rate represents the percentage of complete and partial responders. Minor responses and 
stabilization of disease have historically been of little value but may become significant as newer "targeted" treatments are tested.
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TABLE 4-1 -- CHEMOTHERAPEUTIC AGENTS WITH ACTIVITY IN HEAD AND NECK CANCERS

Agent Mechanism Toxicity

Alkylators   

••Cyclophosphamide DNA cross-linker Neutropenia, nausea, cystitis

••Ifosfamide DNA cross-linker Myelosuppression, cystitis, confusion, alopecia

Antimetabolities   

••Methotrexate Binds dihydrofolate reductase Mucositis, myelosuppression

••5-Fluorouracil Inhibits thymidylate synthetase Mucositis, myelosuppression, diarrhea

Antibodies   

••Bleomycin Scission of DNA Pulmonary fibrosis, rash, mucositis

••Adriamycin DNA intercalator Cardiotoxicity, mucositis, myelosuppression, alopecia

Vinca alkaloids   

••Vincristine Mitotic arrest Neurotoxicity, myelosuppression, alopecia

••Vinblastine Mitotic arrest Neurotoxicity, myelosuppression, alopecia

Miscellaneous   

••Cisplatin DNA intercalator Nephrotoxicity, vomiting, ototoxicity, neuropathy

••Carboplatin DNA intercalator Myelosuppression

Taxanes   

••Paclitaxel Microtubule stabilizer Myelosuppression, neuropathy

••Docetaxel Microtubule stabilizer Edema, neutropenia, neuropathy
 
 
 



Box 4-1. CRITERIA FOR RESPONSE

 
Complete response Complete disappearance of all evidence of tumor for at least 4 weeks.

Partial response Disease regression by at least 50% of the sum of the product of the perpendicular diameters of all measurable tumor for at least 4 weeks. No simultaneous increase in the size of any lesion or 
appearance of new lesions may occur.

Minor response Regression by less than 50% of the sum of the products of the perpendicular diameters of all measurable lesions.

Stable disease No appreciable change in dimensions of all evaluable lesions.

Progressive disease Increase in the size of any detectable lesions by at least 25% or the appearance of new lesions.
 

 
 
When a study is completed, there are several ways to compute the response rate. In calculating the fraction of responders, the numerator should always be the number of patients who qualify in a particular response category, but the 
denominator often varies from study to study. Some investigators compute response rate using all patients entered into a study, whereas others evaluate response rates after eliminating early death or patients failing to receive a specific 
number of cycles of treatment. The latter method of computing a response rate results in a much larger value than the former.

Survival is usually calculated from date of study entry until date of death. Progression-free survival is calculated from study entry until disease progression and disease-free survival from achievement of complete response until disease 
progression. Duration of response is calculated from response date until date of disease progression. Toxicity should be strictly defined for every study before initiation. The National Cancer Institute (NCI) has developed a comprehensive set 
of standardized drug-induced toxicity criteria. Using a 0 to 4 grading scale, toxicity to each organ system can be objectively assessed. All toxic
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reactions should be reported in detail in the final results.

In planning a clinical trial, particularly a phase III trial, having comparable patients in each group is critical. This requirement often is accomplished by randomization with stratification for important prognostic variables. Prognostic variables 
are those factors known to influence response, regardless of treatment. One of the more well-known, important prognostic variables is the Karnofsky Performance Status. In 1948, a 0-to-100 performance scale was devised by David 
Karnofsky to describe a patient's functional ability. This scale is used today interchangeably with a 0-to-5 point scale ( Box 4-2 ) adapted by several cooperative groups. Performance status is an established prognostic variable that directly 
correlates with response to chemotherapy. Those patients with a performance status greater than 2 or less than 50% are poor candidates for phase II and III clinical trials and are poor candidates for chemotherapy with palliative intent. These 
patients usually have a large tumor burden, are malnourished, and have a very short survival time regardless of treatment. By definition, they are nonambulatory for more than 50% of their waking hours and require special care and 
assistance. If a trial is randomized but not stratified for performance status, a large number of patients with poor Karnofsky Performance Status could be randomly assigned to one of the treatment groups and make it appear less efficacious 
than a second, when it actually may be equal or better. Important prognostic variables should be defined at the onset of a study and should be analyzed in the results.

 
 

Box 4-2. PERFORMANCE STATUS

 
ECOG, SWOG, Zubrid Scales Karnofsky Scale

0 Fully active, able to carry on all predisease performance without restriction 100 Normal; no complaints; no evidence of disease

 •90 Able to carry on normal activity; minor signs or symptoms

1 Restricted in physical strenuous activity but ambulatory and able to do work of a light 
or sedentary nature, (e.g., light housework, office work)

•80 Normal activity with effort; some signs or symptoms of disease

 •70 Cares for self; unable to do normal activity or active work

 •60 Requires occasional assistance, but is able to care for most needs

2 Ambulatory and capable of all self-care but unable to do any work activities; up and 
about more than 50% of waking hours

•50 Requires considerable assistance and frequent medical care

 •40 Disabled; requires special care and assistance

 •30 Severely disabled; hospitalization indicated; death not imminent

3 Capable of only limited self-care, confined to bed or chair more than 50% of waking 
hours

•20 Very sick; hospitalization and active support treatment necessary

 •10 Moribund; fatal process; progressing rapidly

4 Completely disabled; cannot do any self-care; totally confined to bed or chair ••0 Dead

5 Dead  



 
ECOG, Eastern Cooperative Oncology Group; SWOG, Southwestern Oncology Group.

 
 
It is important in designing and drawing conclusions from trials to note whether the trial is prospectively randomized with concurrent controls or is a clinical trial with historical controls. Proponents of randomized trials believe that one is 
more certain of equality between the two groups by a concurrent randomization process.[201] This will reduce the bias of selecting control subjects from a historical pool and will also reduce the influence of improvements in management or 
changes in treating physicians with time.

SQUAMOUS CELL CARCINOMA

Overview of Current Concepts

Before 1970, chemotherapy had a limited role in the management of squamous cell cancer of the head and neck in community practice and at academic centers. In part, this was because of the paucity of available drugs with documented 
antitumor activity for this disease. The only drug with clearly established activity, used worldwide, was the folic acid analog methotrexate. Many other drugs had been tested, although the assessment criteria used to define response were not 
uniform. Hence, the reported response rates were unreliable, representing an accumulation of observations of any degree of tumor regression. In contrast,
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during the past two decades, a rigid system has been applied to the testing of potentially useful drugs. There are now clearly defined parameters for the objective evaluation of response and survival time and statistical guidelines for the 
design of clinical research trials to establish efficacy or to show improvement compared with standard therapies.

The serendipitous identification of the metal compound cisdiamine-dichloroplatinum (II) (cisplatin) as a potential anticancer agent by Rosenberg[183] in 1968 spurred clinical research efforts to test new agents and combination chemotherapy 
regimens for the palliation of patients with locally recurrent and metastatic cancers. Several highly effective chemotherapy regimens were identified and then incorporated into a combined modality approach to treating the newly diagnosed 
patient. The ultimate goal was to improve survival time with squamous cancers of the head and neck. It became clear that chemotherapy administered before definitive surgery or radiotherapy could result in rapid regression of tumor in the 
majority of patients without substantially increasing the morbidity of subsequent surgery or radiation. Further, a proportion of the responding patients would have no histologic evidence of tumor in the resected specimen. This increased the 
possibility of altering the standard surgical approach at some sites to preserve organ function. In addition to investigative trials using chemotherapy before definitive local therapy, traditional adjuvant chemotherapy administered after surgical 
resection and chemotherapy used as a radiosensitizer concomitant with radiotherapy have been under active investigation.

Prognostic Factors

Many chemotherapy trials have been analyzed to determine factors that would predict response to chemotherapy and prolonged survival time. Because squamous cell cancer of the head and neck is a heterogeneous disease, each factor should 
be evaluated in the context of multiple primary sites. Most single-institution trials have only modest numbers of patients and therefore lack the statistical confidence to draw firm conclusions. For patients with recurrent disease, poor 
prognostic factors are a low performance status, poor nutrition, a large tumor burden, and extensive previous radiotherapy and surgery.[12] Tumor progression during or shortly after surgery or radiotherapy is also an ominous sign. In these 
circumstances, any response to chemotherapy is likely to be marginal and brief, without impact on overall survival time. However, it seems clear that survival time may be prolonged in patients who achieve a complete response to 
chemotherapy. These patients, in general, have a good performance status; they are not malnourished and have not received previous chemotherapy for recurrent disease.

For newly diagnosed patients treated with induction chemotherapy, the most consistent prognostic factor for overall response and complete response is T and N stage. There is a significant correlation between tumor size and response, with 
lower response rates observed in T4 and N3 stage disease, in particular.[39] [73] [106] The importance of primary site as a prognostic factor for response to chemotherapy is unclear. One investigator, in an analysis of 208 patients, reported that 
cancers within the oral cavity and nasopharynx were significantly associated with high response rates. [108] Nasopharynx cancer was found to be significant in two other trials.[6] [73] The pattern of failure for patients with nasopharyngeal 
carcinoma is also different than that of cases at other sites, with metastatic sites assuming a larger proportion. Besides nasopharyngeal carcinoma, most trials have failed to demonstrate differences by site, which may relate to inadequate 
patient numbers and only modestly effective chemotherapy regimens.

Because of the importance of performance status as a predictor of outcome for patients with recurrent disease, induction chemotherapy trials have excluded patients with poor performance status (<50% on the Karnofsky scale). Within the 
range of 50% to 100%, no clear differences have been observed. Tumor differentiation does not appear to be a predictive factor in studies that have used cisplatin-based combination chemotherapy regimens. It is well established that overall 
survival time correlates with performance status, T and N stage, primary site,[5] [73] [106] and nodal extracapsular extension of tumor.[124] [203] The survival time of patients with cancers of the nasopharynx and larynx is longer than that of those with 
oral cavity and hypopharyngeal primary cancers after researchers correct for other factors in multivariate analyses of patients receiving induction chemotherapy.

The application of biologic factors (e.g., DNA content,[71] immunologic status, and circulating immune complexes[195] ) to predict response and survival outcome is under investigation. Evidence exists that DNA ploidy and DNA content can 
predict survival and disease-free survival times. [222] [249] Molecular markers (such as p53 and p16) that act as predictors for response and survival time are also under investigation. [21] [22] 

CHEMOTHERAPY FOR PALLIATION

Systemic management of recurrent head and neck cancer is a major concern because 30% to 50% of patients diagnosed this year will die with recurrent local and regional disease within 5 years. Distant metastases will be clinically present in 
20% to 40% of patients, but occult disease determined at autopsy
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may be present in up to 60%.[135] The primary goal of conventional chemotherapy used for palliation should be to prolong survival time. Patients with locally advanced or disseminated recurrent squamous cell carcinomas of the head and neck 



have a median survival time of 6 to 8 months, and 20% survive 1 year. Chemotherapy has not yet altered these statistics, although it has been useful in palliation. One often hears that pain relief can be achieved with chemotherapy, but this 
should not constitute the sole reason for treatment. Tumor regression may be associated with a transient diminution of pain, although the aggressive use of a variety of available oral analgesics (tablet and elixir preparations) is a much more 
rational approach to pain management.

Single Agents

The response rate (complete and partial) of recurrent or metastatic squamous cell cancer to commonly used agents is provided in Table 4-2 . In general, about one third of patients respond. The majority are partial responses, with less than 5% 
of patients achieving a complete response. Response duration tends to be brief, on the order of 2 to 4 months, and median survival time is 6 to 9 months.

Methotrexate

Methotrexate is a folic acid analog that is S-phase specific. Its mechanism of action involves binding to the enzyme dihydrofolate reductase, which blocks the reduction of dihydrofolate to tetrahydrofolic acid. Tetrahydrofolic acid is 
necessary for the synthesis of thymidylic acid and purine. This then interrupts the synthesis of DNA, RNA, and protein. The cytostatic  

TABLE 4-2 -- ACTIVITY OF SINGLE AGENT CHEMOTHERAPY

Agent Dosing Schedule Response Rate (%)

Methotrexate 40–50 mg/m2 weekly 30

Cisplatin 80–120 mg/m2 every 3–4 weeks 33

Carboplatin 400 mg/m2 every 4 weeks 24

Paclitaxel 135–200 mg/m2 every 3–4 weeks 38

Docetaxel 75 mg/m2 every 3 weeks 38

Ifosfamide 1.5–2.5 g/m2 every 4 weeks 26

Bleomycin 15 mg/m2 twice weekly 18

5-Fluorouracil 500 mg/m2 weekly 15
 
effects of methotrexate can be circumvented by the administration of reduced folates, such as leucovorin, which can be converted to the tetrahydrofolate coenzyme required for purine biosynthesis. The therapeutic index of methotrexate can 
be increased if leucovorin is administered at intervals after methotrexate is given. This results from a selective rescue of nonmalignant cells and forms the basis for the use of high doses of methotrexate followed by leucovorin to ameliorate 
methotrexate toxicity to healthy cells. Cancer cells may lack transport sites for leucovorin and are subject to the lethal effects of methotrexate. Mechanisms for resistance to methotrexate include the selection of cells with decreased transport 
of methotrexate into cells and increased dihydrofolate reductase activity.

Methotrexate can be administered by intramuscular injection or subcutaneous, intravenous, or oral routes. Weekly or biweekly administration is the preferred schedule. A conventional dose of intravenous methotrexate is 40 to 60 mg/m2 
weekly. When higher doses of methotrexate are used, they may be in the moderate-dose range (250–500 mg/m2 , intravenous) or the high-dose range (5–10 g/m2 ). These are both followed by leucovorin rescue, usually beginning at 24 hours 
and continuing until the plasma methotrexate level is less than 10-8 mol/L. At this dose range, the toxicity for patients with normal renal function usually is limited to mild stomatitis and myelosuppression. More severe, life-threatening 
reactions consisting of confluent mucositis, pancytopenia, liver function abnormalities, and an exfoliative maculopapular rash occur rarely and require intensive medical support. Renal dysfunction may occur with high-dose methotrexate 
administration because of precipitation of the drug, especially in the case of acidic urine. Hydration and alkalinization of the urine before and after methotrexate administration can reduce the risk.

Methotrexate was previously widely used for management of squamous cancers of the head and neck. Therapy with this drug is relatively nontoxic, inexpensive, and convenient. Response rates to conventional doses vary between 8% and 
50%, averaging 30%.[16] Weekly treatment, if tolerable, is superior to twice monthly or monthly treatments. Levitt and others[141] have shown in vitro that when moderate-to-high doses of methotrexate are used with leucovorin rescue, an 
enhanced therapeutic index results from the high intracellular levels of drug associated with selective rescue of healthy tissue. The initial results of pilot trials of moderate- or high-dose methotrexate suggested improvement in response rates 
for those with head and neck cancers. However, there is no clear benefit to the higher dose (e.g., as much as 5000 mg) from prospective randomized trials comparing conventional
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with moderate- or high-dose methotrexate, with or without leucovorin rescue.[233] [248] 

Cisplatin

Cisplatin is an inorganic metal coordination complex with major antitumor activity in a number of diseases. The drug behaves as a bifunctional alkylating agent binding to DNA to cause interstrand and intrastrand cross-linking. Cisplatin also 
binds to nuclear and cytoplasmic proteins. Resistance is believed to develop through increased metabolic inactivation. Cisplatin is administered by the intravenous route and requires aggressive hydration and diuresis to prevent renal tubular 
damage. A dose range of 80 to 120 mg/m2 every 3 or 4 weeks[105] or by 24-hour infusion[117] have been administered. More often, the 80 to 100-mg/m2 dose is used. The drug is not schedule dependent, although it has been shown that 5-day 
continuous infusion increases exposure to the active platinum species when compared with bolus dosing.[84] 

The major toxic reaction is renal dysfunction, manifested by an increase in serum creatinine levels or a decrease in creatinine clearance. The peak serum creatinine level occurs at 1 or 2 weeks and returns to baseline by 3 or 4 weeks. An 
increase in serum creatinine level to 2 mg/dL has been noted in up to 20% of patients in several series. This drug should not be used in patients with a creatinine clearance below 40 mL/min. Nausea and vomiting are almost universal. 
Ototoxicity can occur, usually in the 4000- to 8000-Hz range. It tends to be dose-related and cumulative and may be permanent. Hematologic toxicity, including neutropenia and thrombocytopenia, is mild, with a nadir at 2 weeks. Anemia is 
common and appears to be a result of bone marrow suppression; rarely, patients manifest an acute hemolytic anemia. Hypomagnesemia can occur in part because of renal wasting. A peripheral neuropathy with predominantly sensory deficits 
occurs and is related to cumulative cisplatin dosage. Ototoxicity and peripheral neuropathy are very common toxicities when the cumulative cisplatin dose approaches or exceeds 600 mg/m2 . These toxicities preclude long-term management 



with cisplatin in chemotherapy responders and dose intensification. This led to a search for analogs with similar efficacy but a different spectrum of toxicity.

Cisplatin has the same response rate as methotrexate, approximately 30%, with some reported complete responses and a duration of response of approximately 4 months.[117] [247] Two controlled trials comparing methotrexate with cisplatin found 
no difference in response rate or survival time between the two but noted quite different toxicities. [98] [110] Advantages of cisplatin over methotrexate are its relatively rapid response rate and the fact that it needs to be given only once every 3 or 
4 weeks. Cisplatin has been studied at different doses to determine whether a dose/response effect exists. In a comparison of 60 mg/m2 and 120 mg/m2 , Veronesi and others[228] found no difference in response rates. Forastiere and others[81] 
conducted a pilot trial evaluating 200 mg/m2 and observed a 73% response rate or double that expected with conventional dosing. Although this suggested benefit from the higher dose, ototoxicity and neurotoxicity occurred frequently and 
limited treatment duration.

Carboplatin

More than one dozen derivatives of cisplatin have been evaluated for clinical development. Of these, carboplatin (cis-diamine-cyclobutane dicarboxylatoplatinum II) was the first to become widely available. Carboplatin appears to have a 
mechanism of action similar to the parent compound, but it has a different toxicity profile. The dose-limiting toxicity is myelosuppression, primarily leukopenia and thrombocytopenia, which should be considered when carboplatin is 
combined with other myelosuppressing agents. Renal toxicity, ototoxicity, and neurotoxicity are rare, and the emetogenic potential of carboplatin is less. The drug can be administered in the outpatient setting without the need for hydration. 
Based on pharmacokinetic parameters, an intravenous dose of 400 mg/m2 is considered the equivalent in potency to 100 mg/m2 of cisplatin and can be safely administered to patients with creatinine clearance of 60 mg/mL or more. Most 
clinicians calculate carboplatin dose using the Calvert[31] formula, which accounts for delayed renal excretion leading to increased drug exposure.

Carboplatin has a 24% response rate in phase II trials in patients with recurrent squamous cell cancer of the head and neck. It may not be as active as cisplatin; one comparative trial in patients with untreated disease has documented an 
inferior outcome for carboplatin.[10] Thus, carboplatin is often reserved for patients who are not candidates for cisplatin therapy because of excessive nausea, renal impairment, or preexisting peripheral neuropathy. Carboplatin can be 
administered in the outpatient setting and requires no prehydration. The major toxicity caused by carboplatin is myelosuppression, which limits the total dose that can be given and the frequency of drug administration. The availability of 
colony-stimulating factors that can lessen the degree and duration of myelosuppression may provide a means to compensate for marrow toxicity.

Taxanes

The taxanes are a new class of compounds that include paclitaxel (Taxol) and docetaxel (Taxotere). These drugs act by stabilizing microtubules after binding
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to the b subunit of tubulin, thereby inhibiting microtubule depolymerization, which results in a cell cycle arrest at G2 . Preclinical studies showed that the taxanes were active against a variety of solid tumors and that prolonged infusions were 
more effective.[90] [99] [176] [230] Trials involving patients with head and neck cancer have shown response rates of approximately 30% to 40%.[34] [66] [80] [83] [219] 

Paclitaxel has been administered at doses of 135 to 250 mg/m2 given over 3 or 24 hours, and docetaxel has been given at 60 to 100 mg/m2 by bolus injection every 3 weeks. The major toxicity is neutropenia, particularly with high doses, and 
infection is a chief concern. Growth factors such as granulocyte-macrophage colony-stimulating factor (GM-CSF) and granulocyte colony-stimulating factor (G-CSF) may be used to shorten the neutropenic nadir duration and hopefully 
lessen the risk of infection.[184] Given this risk, patients with good performance status are better candidates for treatment at 175 to 200 mg/m2 . Paclitaxel has been given over several schedules, and the optimal dosing schedule is being 
investigated. Docetaxel is a semisynthetic agent and may be more effective than paclitaxel. In two small phase II studies, response rates of 32% and 50% were observed.[34] [63] 

Ifosfamide

Ifosfamide is structurally related to cyclophosphamide (to be discussed) and has a similar mechanism of action, leading to DNA interstrand and intrastand cross-linking that disrupts DNA replication. It is activated by hepatic p-450 mixed-
function oxidase, and its metabolites are excreted in the urine. Ifosfamide in total doses of 7 to 10 g/m2 is usually administered as a 5-day continuous infusion or over 3 to 5 days in equally divided doses. The drug is repeated at 3- or 4-week 
intervals. Sodium mercaptoethane sulfonate (MESNA) is a thiol compound that should be administered concomitantly with ifosfamide to limit urothelial toxicity. The total daily dose of MESNA should equal the daily dose of ifosfamide. It 
may be administered as a continuous infusion or in divided doses. Patients need to be well hydrated before drug administration. The major dose-limiting toxicity is hemorrhagic cystitis, although with the use of MESNA, myelosuppression, 
nausea, vomiting, and hyponatremia are more frequent toxicities. Central nervous system toxicities, which include cerebellar dysfunction, seizures, confusion, and lethargy, occur in up to 30% of patients treated with doses of 8 to 10 g/m2 
over 5 days. Early phase II results with this drug are promising, with reported response rates ranging from 6% to 43% with a median of 26%. * 

Bleomycin

Bleomycin (Blenoxane) is an antineoplastic antibiotic that binds to DNA and produces DNA strand breaks by generating oxygen free radicals. The conventional dose of bleomycin is 10 to 20 U/m2 once or twice weekly given intramuscularly 
or intravenously. It also may be given by a continuous 24-hour infusion over 5 or 7 days at a dose of 10 Us/m2 each 24 hours. The major metabolism of bleomycin is via the kidneys. It is important that the dose of bleomycin be reduced if the 
level of serum creatinine is abnormal. A 50% dose reduction is recommended for a creatinine clearance of 15 to 30 mL/min, and a 75% reduction is recommended if the creatinine clearance is below 15 mL/min. Approximately half of the 
patients receiving this drug will develop fever or chills during the first 24 hours, which can be reduced with the use of antipyretics. A rare complication is an anaphylactic reaction. It has been recommended that a dose of 1 U be given several 
hours before the first dose of bleomycin. Alopecia can occur, particularly with the higher dosage of drug. Skin toxicity, including erythema, thickening, and hyperpigmentation, is common. Patients may develop stomatitis, which necessitates 
discontinuing a prolonged infusion.

Pulmonary toxicity is potentially one of the most serious complications of bleomycin administration. Patients may develop pneumonitis, a dry cough, and rales. Pulmonary function tests most commonly show a decreased carbon monoxide 
diffusion capacity. Pulmonary fibrosis with associated hypoxia and restrictive lung disease can result. Bleomycin pulmonary toxicity is more common in elderly patients, in patients who have had previous lung irradiation, and in patients who 
have had a total dose higher than 200 U. Patients should be closely monitored with serial tests of diffusion capacity when the cumulative dose exceeds 150 U. Giving the drug by continuous infusion may lessen pulmonary toxicity.[240] 

Bleomycin has undergone testing using an intermittent bolus dosing schedule with response rates of 18%. A pharmacokinetic advantage may be achieved by continuous infusion because both agents have a short plasma half-life. Bleomycin 
is most frequently used in combination with other agents, and is not currently in common usage.

5-Fluorouracil



5-Fluorouracil (5-FU) is a fluorinated pyrimidine similar to uracil. 5-FU competes for the enzyme thymidylate synthetase by displacing uracil, which in turn inhibits the formation of thymidine, an essential factor in DNA synthesis. The 
conventional intravenous dose of 5-FU is 10 to 15 mg/kg weekly. An alternate method of delivery is a loading dose of 400 to 500

*References [53] [56] [95] [127] [136] [138] [167] [172] [200] . 
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mg/m2 daily for 5 days, followed by a weekly intravenous dose of 400 to 500 mg/m2 . It is recommended that no more than 800 mg be given as a single bolus. The therapeutic index of 5-FU may be enhanced by giving it by continuous 
infusion, which allows delivery of up to 1 g/m2 per day for 5 days, repeated every 3 or 4 weeks, without marked enhanced toxicity. Continuous infusion of 5-FU has been studied primarily in patients with adenocarcinomas of the 
gastrointestinal tract. However, the results of one randomized trial studying patients with head and neck cancer and comparing bolus with continuous infusion of 5-FU showed improved response rates with continuous infusion.[131] 5-FU toxic 
reactions include myelosuppression with neutropenia and thrombocytopenia occurring at 1 or 2 weeks. Nausea, vomiting, and diarrhea may occur, and stomatitis is common with higher doses. Patients may develop alopecia, 
hyperpigmentation, or a maculopapular rash. In patients with head and neck carcinomas, treatment with 5-FU can produce response rates of 15%, thus it has most often been used in combination with other agents, particularly cisplatin.[8] [169] 

Other Single Agents with Activity in the Treatment of Head and Neck Cancer

Several other chemotherapeutic agents were reported to have response rates in excess of 15% for patients with recurrent disease. They include Adriamycin, cyclophosphamide, hydroxyurea, and vinblastine.[9] Several of these are only 
marginally effective as single agents for recurrent disease, although when used in combinations or in patients with no previous treatment, they may be more efficacious. These agents will be discussed.

Cyclophosphamide

Cyclophosphamide is activated in the liver by microsomal enzymes. Its major mechanism of action is cross-linking DNA strands, preventing further division. Cyclophosphamide can be given orally or intravenously. When given 
intravenously, it usually is given as a single dose of 500 to 1000 mg/m2 repeated every 3 or 4 weeks. It is important to hydrate patients well before and after giving cyclophosphamide. Drugs that stimulate liver enzymes, such as barbiturates, 
should be avoided, or the cyclophosphamide dose should be modified. After an intravenous dose, bone marrow suppression, predominantly neutropenia, can occur within 1 or 2 weeks, with a recovery at 2 or 3 weeks. Many patients have 
some degree of nausea and vomiting. Alopecia and ridging of the nails can occur. Azoospermia and cessation of menses, often with permanent infertility, can occur with most alkylating agents.

Acute hemorrhagic cystitis occurs most commonly in patients who are poorly hydrated. It is recommended that patients drink at least 2 quarts of fluid per day while taking cyclophosphamide. Toxicity may occur as microscopic hematuria or 
gross bleeding. This can eventually result in a fibrotic bladder, and a few cases of bladder carcinoma have been described in patients who have received cyclophosphamide.

Adriamycin

Adriamycin (doxorubicin) is an anthracycline derivative that intercalates between nucleotide pairs in DNA to interfere with nuclei acid synthesis. This drug is given intravenously, usually at doses of 60 to 75 mg/m2 every 3 weeks. Alternate 
schedules that are associated with a much lower risk of cardiac toxicity include doses of 20 to 30 mg/m2 daily for 3 days repeated every 3 weeks, low doses given weekly, or prolonged infusions.[15] The patient's urine may be red for 1 or 2 
days after Adriamycin treatment.

If Adriamycin infiltrates subcutaneous tissue, it can cause severe necrosis of skin and subcutaneous tissue. The drug causes alopecia, which can be decreased by using scalp hypothermia. Stomatitis, nausea, vomiting, and diarrhea are 
common. Adriamycin, like actinomycin D, can cause radiation recall in patients who have had previous radiotherapy. The drug can also cause neutropenia and thrombocytopenia with a nadir at 1 or 2 weeks and a return to normal values by 3 
weeks.[17] 

The most dose-limiting toxic effect of Adriamycin is cardiac toxicity, which manifests as a cardiomyopathy,[238] leading to congestive heart failure in approximately 10% of patients who receive a cumulative dose greater than 550 mg/m2 . 
Other predisposing factors include age, previous cardiac irradiation, other cardiotoxic chemotherapeutic agents, and a previous history of heart disease. Many methods of observing patients have been used, including endomyocardial biopsy. 
Radionuclide ejection fraction is a relatively easy and accurate way to determine the amount of damage to the heart from Adriamycin.

Vinca Alkaloids

Vinblastine and vincristine are vinca alkaloids. These agents act by disrupting microtubular spindle formation, causing mitotic arrest. Vinblastine (Velban) can be given weekly at 5 mg/m2 , or it may be given by continuous infusion over 
several days. The major toxic reactions are myelosuppression, alopecia, and myalgia. Vincristine (Oncovin) is usually given at 1.0 to 1.5 mg/m2 once or twice monthly. It is recommended for adults that a single dose not exceed 2 mg. The 
drug is neurotoxic, which is most commonly manifested as a sensory motor peripheral neuropathy or hoarseness
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that will progress if the drug is not discontinued. Most patients will experience constipation, and they should take stool softeners with the drug. Vincristine causes alopecia, but it has almost no myelosuppressive effects.

Hydroxyurea

Hydroxyurea (Hydrea) inhibits ribonucleotide reductase, interfering with the conversion of ribonucleotide to deoxyribonucleotide and causing inhibition of DNA synthesis. The drug is given orally. The major toxic responses are neutropenia 
and thrombocytopenia, so the dose should be reduced or delayed if the leukocyte count decreases to less than 2500/mm3 or the platelet count decreases to less than 100,000/mm3 . The nadir occurs approximately 10 days after starting the 
drug. Nausea and diarrhea are common. Stomatitis can occur, particularly if there is concurrent irradiation. Patients also may develop a maculopapular rash. This drug is most commonly used as a radiation sensitizer.

New Single Agents

Many new drugs are being investigated for their activity in patients with head and neck cancer in phase I and II studies. Topoisomerase I inhibitors are under study.[180] 



Gemcitabine is a pyrimidine antimetabolite that may have antitumor activity in patients with head and neck carcinomas. This agent is converted to an active triphosphate metabolite, which is then incorporated into DNA and terminates 
transcription. Early phase II results have demonstrated only modest activity with response rates of 18%.[35] 

Vinorelbine is a semisynthetic vinca alkaloid with dramatically less neurotoxicity than other agents of its class. Early studies have demonstrated response rates of 22%.[94] [218] Finally, analogs of methotrexate have been evaluated for response in 
small series. Trimetrexate, edatrexate, and piritrexim are active in squamous cell carcinomas of the head and neck but offer no special advantage over methotrexate.[55] [179] [188] [223] [236] 

COMBINATION CHEMOTHERAPY FOR RECURRENT DISEASE

In an effort to improve response rates and, hopefully survival time, combination chemotherapy was developed. Many combination chemotherapy regimens have been evaluated in phase II trials involving a few patients with recurrent head 
and neck cancer. Often, the results indicate a high response rate that suggests improvement over that expected from single agent methotrexate or cisplatin. However, the median duration of response ranges from 2 to 6 months, and no one has 
yet documented improved survival time over single-agent chemotherapy. Many of the regimens are complex, often with additional toxic effects.

Only through large comparative trials with patients randomized and stratified for prognostic variables can it be determined whether therapeutic benefit exists with combination chemotherapy. The results of 12 trials comparing combination 
chemotherapy to singleagent cisplatin or methotrexate are shown in Table 4-3 . Some of the studies had small numbers of patients and lacked balance between treatment groups for prognostic factors such as performance status and extent of 
previous treatment. However, four large multiinstitutional trials that were well designed with respect to prognostic factors showed a significant difference in response rates between the combination treatment and the single-agent control arm.
[41] [79] [86] [119] [232] 

The Eastern Consortium Oncology Group (ECOG) compared an outpatient regimen of cisplatin, bleomycin, and methotrexate to weekly methotrexate.[232] The response to single-agent therapy with methotrexate was 35%, and to the 
combination 48%—a significant improvement (P = .04). However, toxicity was greater for the combination, with no difference in survival time.

The Southwestern Oncology Group (SWOG) reported a comparison of cisplatin and 5-FU vs carboplatin and 5-FU to weekly methotrexate.[79] [86] The response rates for the three arms were 32%, 21%, and 10%, respectively. There was a 
significant difference comparing the cisplatin combination with methotrexate (P < .001); the difference between the response to the carboplatin combination and the response to methotrexate approached statistical significance (P = .05). The 
cisplatin and 5-FU arm was associated with significantly more toxicity than methotrexate; carboplatin and 5-FU were intermediate in toxicity. Despite these findings, the median survival times were not different, varying between 4.7 and 6.6 
months.

The third study to show a difference in response rates compared the combination of cisplatin and 5-FU with each drug used alone.[119] The response rate to the combination was 40% compared with 18% for cisplatin and 15% for continuous 
infusion 5-FU (P < .01). Although the median survival times were not different, an analysis of patients surviving longer than 9 months showed a 40% survival rate for the combination treatment group compared with 27% and 24% for the 
single-drug treatments (P < .05).

The latter two trials are also of interest because of the similar response rates observed for cisplatin and 5-FU, which were administered using the same dose and schedule in both studies. Cisplatin with 5-FU is a commonly used drug regimen 
for the treatment of patients with head and neck cancer for palliation and in combined modality programs. Response rates to this combination reported from small phase II trials in patients with recurrent disease range from 11% to 79%.[224] 
The results of these two large multiinstitutional
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TABLE 4-3 -- RANDOMIZED TRIALS OF CHEMOTHERAPY FOR RECURRENT HEAD AND NECK CANCER

Author Regimens CR + PR (%) Survival (months)

Davis and Kessler, 1979[52] PMB 11  

 P 13  

Jacobs, 1983[118] PM 33 6.3

 P 18 6.9

Drelichman, 1983[63] P   

 Vb 41 5.6

 M 33 4.0

Vogl, 1985[232] PMB 48 5.6

 M 35 5.6

Morton, 1985[162] PB 24 4.0

 P 13 4.2

 B 14 2.8

 No chemotherapy  2.1

Williams, 1986[246] PVbB 23 6.8

 M 16 7.2



Campbell, 1987[32] PF 19 2.7

 PM 40 8.7

 P 31 5.3

 M 33 6.7

Eisenberger, 1989[68] CM 25 6|

 M 25 6|

Liverpool Study, 1990[146] P 14 6|

 PF 12 6|

 M 6 2|

 PM 11 6|

Forastiere, 1992[86] PF 32 6.6

 CF 21 5.0

 M 10 5.6

Jacobs, 1992[119] PF 32 5.5

 P 17 5.0

 F 13 6.1

Clavel, 1994[41] PMBVb 34 7.0

 PF 31 7.0

 P 15 7.0

(Reprinted with permission from Tumors of the nasal cavity and paranasal sinuses, nasopharynx, oral cavity, and oropharynx. In Schantz SP, Harrison LB, Forastive AA: Cancer-principles and practice of oncology, ed 5. Philadelphia, 
Lippincott-Raven, 1997.)

CR, Complete response; PR, partial response; P, cisplatin; M, methotrexate; B, bleomycin; Vb, vinblastine; C, carboplatin; F, fluorouracil.
 
trials have served to establish a response rate of 32% that can be expected from the cisplatin and 5-FU combination in patients with recurrent head and neck cancer.

Clavel and others[41] also observed significant differences between combination chemotherapy and single agents. They found significant differences in response rates for two cisplatin-containing combinations compared with single agent 
methotrexate—34%, 31%, and 15%, respectively. These data corroborate the work of Vogl, Jacobs, and Forastiere.

Two comparative trials listed in Table 4-3 showed significant differences in median survival time.[32] [162] Morton and others[162] compared the combination of cisplatin and bleomycin to each single agent and to a control arm featuring no 
treatment. The response rate to each of the three chemotherapy arms was low, although the two cisplatin arms had median survival times of 4.0 and 4.2 months, which was improved over a 2.1-month survival time for the no-treatment arm. 
In the four-arm trial reported by Campbell and others,[32] survival time was significantly longer for single-agent
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cisplatin compared with methotrexate, and there was no advantage for the combination treatments. Both of these trials had small numbers of patients and were unevenly balanced for prognostic factors, which serves to decrease the reliability 
of the statistical interpretation. Thus, from these randomized trials, it appears that higher response rates can be achieved with some combination chemotherapy regimens. Toxicity is more severe, and overall survival time as measured by 
median survival time is not improved. However, one study did find that a significantly greater proportion of patients treated with cisplatin and 5-FU lived longer than 9 months when compared with those receiving single-agent therapy. The 
patients who are more likely to be in the subset showing improvement have a better performance status.

As for other sites, the most effective combinations for treating those with nasopharyngeal carcinoma are cisplatin-based regimens. Higher complete and partial response rates than those from other sites have been reported in several phase II 
trials. * A few long-term disease-free survivors have been seen as a result of cisplatin-based combinations.[20] [40] [76] French investigators have formed a collaborative group to study nasopharyngeal cancer. They have reported a series of studies 
evaluating cisplatin combination chemotherapy. Their regimen of cisplatin, bleomycin, and 5-FU resulted in a 20% complete response rate and an 86% overall response rate. Four patients with metastatic disease were long-term, disease-free 
survivors for 52 to 58 months.[20] [50] [150] In their series, 131 patients with metastatic nasopharyngeal carcinoma were treated between 1985 and 1991. Ten percent of the members of this group were long-term, disease-free survivors. Thus, this 
disease entity shows a unique chemosensitivity even in patients with either bone or visual metastasis.[76] Browman and Cronin[25] summarized all of the available data regarding combination therapy by use of a metaanalysis. They analyzed all 
randomized trials published between 1990 and 1992 and concluded that cisplatin was the most effective single agent. Further, they found that the combination cisplatin and 5-FU was more efficacious than any single agent or other reported 
combinations. The combination of cisplatin and 5-FU is the gold standard to which all new combinations should be compared. Response rates achieved with this combination are approximately 32%, and the complete response rate ranges 
from 5% to 15%. Given these low response rates, one of the goals of clinical trials is to find new single agents and new combinations that may be more effective. Patients with locally advanced or metastatic disease should be considered for 
trials in an effort to improve on these statistics. Patients who have undergone previous surgery and radiation with good performance status and no previous chemotherapy are the best candidates to test new treatment protocols.

COMBINED MODALITY THERAPY

Although surgery and radiotherapy cure a high percentage of patients with early-stage squamous cell carcinoma of the head and neck, conventional treatment will not cure the majority of those with advanced disease. Because treatment for 



recurrent disease with chemotherapy is far from satisfactory, much effort has been directed toward improvements in the primary treatment program by using combined modality therapy. To this end, three general approaches have been 
undertaken: (1) induction, also known as neoadjuvant therapy, in which chemotherapy is given before surgery or radiation; (2) chemoradiation, in which chemotherapy is given simultaneous with radiation to enhance its effect; and (3) 
adjuvant therapy, in which chemotherapy is given after surgery or radiation in an effort to decrease metastatic disease burden.

Induction Chemotherapy

Theoretically, treatment with chemotherapy before surgery or radiation—known as induction chemotherapy—has several advantages. This neoadjuvant chemotherapy allows for the delivery of drugs to the best possible host in terms of 
medical condition, which leads to increased compliance and better tolerance of therapy. Chemotherapy, when given first, can reduce tumor burden and downstage patients, resulting in the preservation of organ function by obviating the need 
for surgery. Further, induction therapy can reduce metastatic seeds and eliminate problems with poor vascularity that often occur after surgery or radiation, thus reducing a potential pharmacologic sanctuary.

One of the first uses of induction chemotherapy involved methotrexate with leucovorin rescue given twice before surgery.[215] It was reported that 77% of patients had some tumor shrinkage, although by strict criteria of tumor response (>50% 
in all sites), the response rate was only 20%. Although it could not be concluded that the result was better than with surgery alone, no increased incidence of postoperative complications occurred. Many other studies followed using single-
agent methotrexate and bleomycin. The complete response rate was approximately 5% in these studies.

With the introduction of cisplatin into clinical trials in the mid-1970s, combination therapy consisted of cisplatin followed by a 5- to 7-day continuous infusion of bleomycin. Early series[111] [173] reported overall response rates of 71% to 76%, 
with a 20% complete response rate. Other investigators added vinblastine, vincristine, or methotrexate to the two-drug

*References [53] [56] [95] [127] [136] [138] [167] [172] [200] . 
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combination with similar results.[9] An alternate and probably more effective regimen tested in the 1980s at Wayne State University was cisplatin (100 mg/m2 ) followed by a 5-day infusion of 5-FU (1 g/m2 per day by continuous infusion).[182] 
In phase II trials, this regimen was associated with an overall response rate as high as 93% and a 54% complete response rate when three cycles were administered. Although the toxicity from cisplatin is the same, 5-FU appears to be better 
tolerated than bleomycin, without the associated allergic phenomena or lung toxicity.

Ensley and others[69] [70] from Wayne State University have reported a high complete response rate using five or six courses of cisplatin and 5-FU alternating with methotrexate, leucovorin, and 5-FU. In one study, the complete response rate 
was 65% in 31 patients completing the protocol, although toxicity was formidable, and approximately one third of patients withdrew from the study early. Despite the potential for improvement in response rate, the feasibility of this approach 
has yet to be demonstrated.

Investigators at the Dana Farber Cancer Center[64] and at the University of Chicago[235] have used leucovorin to biochemically modulate the cytotoxic effects of 5-FU. Leucovorin results in an increase in intracellular-reduced folate levels and 
inhibition of thymidylate synthase.[159] Dreyfuss and others[64] administered cisplatin, 5-FU, and high-dose leucovorin (500 mg/m2 ), all by continuous infusion, over 6 days to 35 patients with local regionally advanced head and neck cancer. The 
overall response rate was 80%, and 66% had a complete response by clinical assessment. A pathologic complete response was documented in 14 of 19 patients (74%). Moderate-to-severe mucositis occurred in the majority of patients, 
although with dosage adjustment, the regimen was tolerable and acceptable to patients. Vokes and others[235] treated 31 patients with similar disease with a less intensive regimen of cisplatin, 5-FU, and leucovorin. Leucovorin was 
administered orally in a dose of 100 mg every 4 hours during the 5-day infusion of 5-FU. After two courses, the overall response rate in 29 evaluable patients was 90%, and the complete response rate was 30%.

Since the early 1980s, the many uncontrolled trials of induction chemotherapy before surgery or radiotherapy have shown that this approach is feasible for those with locally advanced disease and does not add to the morbidity of subsequent 
definitive local treatment.[137] [207] With the cisplatin plus 5-FU regimen, a response can be expected in 80% to 90% of patients with, on average, a 40% complete response rate. Approximately two-thirds of complete responses by clinical 
examination will be confirmed pathologically. Response to induction chemotherapy correlates with response to subsequent radiotherapy. [72] [96] [113] Thus, patients who are resistant to cisplatin-based induction chemotherapy have a high 
likelihood of not responding to radiotherapy. Large randomized trials that consider all the important prognostic variables and have long-term follow-up periods are necessary to draw conclusions regarding disease-free survival and overall 
survival benefit.[85] The results of 17 randomized controlled trials of induction chemotherapy before surgery, radiotherapy, or both have been published.

Three of the most important trials are listed in Table 4-4 ; The Head and Neck Contracts program,[106] the SWOG trial,[190] and the Veterans Affairs Laryngeal Cancer Study Group trial[231] were large multiinstitutional randomized studies. The 
patients had advanced resectable head and neck cancer, and the treatment arms were well balanced to TN stage and primary site. The Head and Neck Contracts program randomly assigned patients to receive one of three treatments: (1) 
surgery followed by radiation, (2) induction chemotherapy with one cycle of cisplatin plus bleomycin followed by surgery and radiation, or (3) induction chemotherapy, surgery, radiation, and maintenance chemotherapy with cisplatin for 6 
months. The 5-year survival rates for the three regimens were 35%, 37%, and 45%, respectively; the differences were not significant. However, the time to development of distant metastases and the frequency of distant metastases as a site of 
first recurrence were significantly less in patients in the maintenance chemotherapy arm compared with the other two groups. On subgroup analysis, there was a significant difference in disease-free survival time for patients receiving 
maintenance chemotherapy for oral cavity primary tumors and for N1 or N2 disease.[120] In retrospect, it is not surprising that this trial did not show any improvement in overall survival time because only one cycle of cisplatin and bleomycin 
was administered before surgery, resulting in a low response rate of 37%.

In the SWOG[190] trial, patients were randomly assigned to receive either three cycles of cisplatin, bleomycin, methotrexate, and vincristine before surgery and radiotherapy or standard treatment with surgery and radiotherapy. The median 
survival time was 30 months for patients in the standard treatment arm compared with 18 months for the induction chemotherapy arm. The distant metastatic rate was 49% with standard treatment and 28% with induction chemotherapy. 
Although differences in survival time and pattern of recurrence are striking, statistical significance was not reached. This trial fell short of its accrual goals and had a high rate of noncompliance, with only 56% of patients assigned to 
induction chemotherapy completing the treatment per protocol.
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TABLE 4-4 -- RANDOMIZED TRIALS OF NEOADJUVANT CHEMOTHERAPY BEFORE SURGERY OR RADIOTHERAPY

Author Regimen Sites Number of Patients Operability Survival Benefit Other Outcomes



HN Contracts, (1987, 1990)[106] PB OC,L,HP 443 O For N2 disease in subset analysis Disease in distant metastases

Carugati (1988)[33] PB ± M OC,OP,L 120 O None  

Toohill (1987)[220] PF OC,OP,HP,NP 60 O + I None  

Jaulerry (1992)[121] PFV  108 NS None  

 PBVM OC,OP,HP,L 100 NS None  

Szpirglas (1987)[212] DVcBP OC,OP 114 I None  

Mazeron (1992)[155] PFBM OC,OP 107 O + I None  

Martin (1990, 1995)[153] [154] PF OC,OP,HP,L 75 O + I None  

Schuller (1988)[190] PBMF OC,OP,HP,L 158 O None Decrease in distant metastases

VA Study (1991)[231] PF L 332 O None Larynx preserved in 64% at 2 years

      Decrease in distant metastases

Paccagnella (1994)[164] PF OC,OP,HP 237 O + I For inoperable patients in subset analysis only Decrease in distant metastases; improved L-R control for 
inoperable patients

Depondt (1993)[57] CF OC,OP,HP,L 324 O None  

DiBlasio (1994)[59] PF NS 69 O Significantly worse with chemotherapy Larynx preserved in 42% at 3 years

Hasegawa (1994)[103] PF OC,OP,HP,L 50 O None  

Chan (1995)[37] PF HP 82 NA None  

Eschwege (1995)[75] BEP NP 339 NA Significant improvement  

Dalley (1995)[51] PF HP 91 O Survival at 7 years  

Lefebvre (1996)[140] PF HP 202 O Statistically equivalent survival Decrease in distant metastases

Domenge (2000)[61] PF  318 O+I Yes  

(Reprinted with permission from Tumors of the nasal cavity and parnasal sinuses, nasopharynx, oral cavity, and oropharynx. In Schantz SP, Harrison LB, Forastive AA: Cancer-principles and practice of oncology, ed 5. Philadelphia, 
Lippincott-Raven, 1997.)

P, Cisplatin; B, bleomycin, OC, oral cavity; L, larynx; HP, hypopharynx; O, operable; M, methotrexate; OP, oropharynx; F-5, fluorouracil; NP, nasopharynx; I, inoperable; V, vinblastine; Vc, vincristine; L-R, locoregional; C, carboplatin; 
NS, not specified; NA, not applicable; E, epirubicin.

Shigematsu (1971)[198] Chemotherapy 000 (tongue) Response Yes-DFS.
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Domenge and others[61] have recently reported a phase III trial in which 318 patients with locally advanced oropharyngeal squamous cancers were randomly assigned to receive induction chemotherapy with cisplatin and 5-FU followed by 
locoregional treatment or locoregional therapy alone. Overall survival was better in the chemotherapy group (median, 5.1 vs 3.3 years; P = .03).

Encouraging data emerge from induction chemotherapy trials in the area of organ preservation (see Organ Preservation section to follow). The Veterans Affairs Laryngeal Cancer Study Group[231] completed a randomized trial in patients with 
resectable stage III and IV squamous cell cancer of the larynx. Patients were randomly assigned to receive standard therapy with total laryngectomy and postoperative radiotherapy or to receive a maximum of three cycles of cisplatin and 5-
FU chemotherapy followed by radiotherapy. Surgery was reserved for salvage patients with persistent or recurrent disease. If patients did not have at least a partial response at the primary site after two cycles of chemotherapy, they 
underwent immediate surgery. The complete and partial response rate after two cycles of chemotherapy was 85%, and after three cycles it was 98%. The pathologically confirmed complete response rate at the primary site was 64%. At a 
median follow-up period of 33 months, there was no significant difference in survival time. However, the patterns of relapse differed: recurrence at the primary site was 2% with surgery vs 12% with chemotherapy (P = .0005); regional node 
recurrence rates were similar (P = .305); distant metastases were 17% with surgery vs 11% with chemotherapy (P = .016); and the rate of second primary malignancies was 6% with surgery vs 2% with chemotherapy (P = .029). After 3 years 
of follow-up, 66% of surviving patients in the induction chemotherapy treatment group had a preserved, functional larynx. Similar results were reported by the EORTC comparing cisplatin and 5-FU induction chemotherapy followed by 
radiotherapy to laryngopharyngectomy and radiation in patients with locally advanced cancer of the hypopharynx. No survival time differences were observed, and 28% of patients were alive with a functional larynx. The larynx preservation 
rate was 42% at 3 years, considering only deaths from local disease as failure.[140] 

In follow-up to the VA study, the Head and Neck Intergroup has conducted a prospective three-arm study comparing induction chemotherapy with cisplatin and 5-FU followed by radiotherapy; radiotherapy alone; and radiotherapy with 
concomitant cisplatin.[87] For entry, patients had stage III/IV disease, but T1 and advanced T4 lesions conferred ineligibility. Infiltrating tumors greater than 1 cm into the tongue base or the demonstration of thyroid cartilage destruction were 
not allowed. Five hundred ten patients were entered, 65% of whom had stage III disease. Two thirds of patients had supraglottic primary sites. No unexpected toxicity was observed. With no difference in overall survival, the concomitant 
treatment arm resulted in superior larynx preservation, 88% compared with 74% resulting from sequential chemotherapy and radiation and 69% with radiotherapy alone. Notably, patients with destructive T4 primary tumors were excluded 
from this study. Long-term outcomes including quality of life and functional data are awaited.

The Domenge trial[61] in Table 4-4 demonstrated a survival benefit from induction chemotherapy. Two trials showed an improvement in survival time for chemotherapy-treated patients after subset analysis. In a large Italian study, Paccagnella 
and others[163] [164] observed an improvement in local control, metastatic rate, and survival time for inoperable patients. In a follow-up study to the Head and Neck Contracts Program, Jacobs and others[119] reported an improvement in survival time 



for the subgroup with oral cavity primaries and limited nodal disease. In terms of patterns of failure, five trials showed a decrease in the rate of distant metastasis.[119] [140] [164] [190] 

These trials have helped to clarify many issues. First, the overall response rates range from 60% to 90% with complete response rates of 20% to 50%. Survival time is improved in patients with a complete response compared with 
nonresponders, and pathologic complete response can be seen in 30% to 70%. Second, response to chemotherapy predicts for response to radiotherapy. Patients who fail to respond to chemotherapy do not respond well to radiation. Third, 
neoadjuvant chemotherapy increases neither surgical nor radiotherapy complication rates. Fourth, the most critical prognostic factors for response are TN stage and type of chemotherapy. Biologic behavior appears to differ per site. Fifth, 
although no benefit in overall survival time has yet been shown, a significant reduction in the rate of distant metastases has been observed. Finally, organ preservation and improved quality of life can result with induction chemotherapy. For 
patients with advanced laryngeal cancer who would require a total laryngectomy, the available data indicate that laryngeal function can be preserved in two thirds without jeopardizing survival time.

Neoadjuvant chemotherapy has been used to manage advanced nasopharyngeal carcinoma similarly to other sites. To date, two randomized prospective trials have been conducted. The International Nasopharyngeal Study Group[116] randomly 
assigned 339 patients, who were at high risk for relapse (i.e., N2 , N3 disease), to receive three cycles of bleomycin, epirubicin, and cisplatin chemotherapy followed by
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radiotherapy or radiotherapy alone. At a median follow-up period of 49 months, there was a significant difference in disease-free survival time, 42% vs 29% at 4 years (P = .006) in favor of the chemotherapy arm. No difference in overall 
survival time was observed, 50% vs 42%, although median survival time was superior for the chemotherapy and radiation arm compared with radiation alone, 50 and 37 months, respectively.

In the second study, Chan and others[37] randomly assigned 82 patients to receive either radiotherapy alone or two cycles of cisplatin and 5-FU followed by radiotherapy. These patients had tumors 4 cm or large or N3 nodal disease. The overall 
response rate to chemotherapy was 81%, and this increased to 100% after radiation vs 95% for radiation alone. However, at a median follow-up period of 28.5 months, 2-year survival and disease-free survival time were not significantly 
altered by the addition of chemotherapy. This lack of difference may be accounted for partly by the less intensive nature of the chemotherapy with the 5-FU being given at 1000 cy/m2 per day over 3 days.

Concurrent Radiotherapy and Chemotherapy

Concurrent radiotherapy and chemotherapy have been used primarily in patients with unresectable disease to improve local and regional control. The major drugs with efficacy for this tumor type and in  

TABLE 4-5 -- RANDOMIZED TRIALS OF SIMULTANEOUS SINGLE AGENT CHEMOTHERAPY WITH RADIOTHERAPY VS RADIOTHERAPY

Investigations Chemotherapy Number of Patients Response Rate Survival Benefit

Richards (1969)[175] HU •40 Yes NR

Stefani (1971)[206] HU 150 No No

Hussey (1975)[115] HU •42 No No

Condit (1968)[44] MTX •40 Yes NR

Gupta (1987)[100] MTX 313 Yes Yes

Kapstad (1978)[126] Bleomycin •29 Yes NR

Shanta (1980)[193] Bleomycin 157 No Yes

Morita (1980)[160] Bleomycin •45 (tongue) No No

Scandolaro (1982)[187] Bleomycin •30 No No

Parvinen (1985)[166] Bleomycin •46 NR No

Shetty (1985)[196] Bleomycin •38 No No

Vermund (1985)[227] Bleomycin 222 Yes No

Fu (1987)[92] Bleomycin 104 No Yes-DFS

Eschwege (1988)[74] Bleomycin 199 NR No

Shigematsu (1971)[198] 5-FU •63 Yes Yes-DFS

Lo (1976)[147] 5-FU 163 Yes Yes

Browman (1993)[26] 5-FU 175 Yes No

Weissberg (1989)[241] Mitomycin-C 117 Yes Yes

Haselow (1990)[104] CDDP 319 Yes NR

(Reprinted with permission from Tumors of the nasal cavity and paranasal sinuses, nasopharynx, oral cavity, and oropharynx. In Schantz SP, Harrison LB, Forastive AA: Cancer-principles and practice of oncology, ed 5. Philadelphia, 
Lippincott-Raven, 1997.)

HU, hydroxyurea; MTX, methotrexate; 5-FU, 5-fluorouracil; DFS, disease-free survival; CDDP, cisplatin.

Adelstein (1990b)[2] Sequential VBM ± F → RT Number of Significant increase Significant improvement in DFS.
 
vitro evidence of radiation enhancement capability have been tested as single agents since the 1960s. The theoretic rationale and mechanism for the interaction between cytotoxic drugs and radiation that results in additive or synergistic 



enhancement have been reviewed in detail.[91] [205] [213] This biologic phenomenon rests on several mechanisms. These include (1) inhibition of DNA repair, (2) redistribution of cells in sensitive phases of the cell cycle, and (3) promoting 
oxygenation of anoxic tissues. The net effect is to improve cellular cytotoxicity.[235] Most of the single agents used to treat patients with head and neck cancer have been combined with radiation.

Nearly all reported trials of concomitant chemotherapy and radiotherapy have noted enhanced acute radiation-induced toxicity, primarily mucosal, which often has resulted in dose reductions and lengthy interruptions in radiation without 
evidence of survival benefit. Thus, in combining these two treatment modalities, it is essential that toxicity not preclude the use of chemotherapy and radiation in the optimal dose and schedule.

Single Agents and Radiotherapy

For an outline of randomized trials of simultaneous single-agent chemotherapy with radiotherapy vs radiotherapy, see Table 4-5 .

129

Methotrexate plus radiotherapy.

Methotrexate can produce an S-phase block of the cell cycle, resulting in accumulation of cells in the G1 phase and causing increased radiosensitivity. [13] In one early study, 96 patients with inoperable disease were randomly assigned to 
receive radiotherapy alone or radiation preceded by intravenous methotrexate.[133] The complete response rate was the same in both groups, as was the 3-year survival rate. However, the incidence of mucositis increased in those patients who 
received chemotherapy. A second large study of patients with stage III and IV squamous cell carcinoma, similar to the previous study, again showed no difference in the 3-year survival rate, although the rate of distant metastases was only 
19% in patients who received chemotherapy plus radiation compared with 33% of patients who received radiotherapy alone.[149] The Radiation Therapy Oncology Group (RTOG) randomly assigned 712 patients to receive radiotherapy alone 
or radiation plus pretreatment methotrexate.[77] No difference occurred in survival time between the treatment groups, and more patients failed to complete irradiation in the combined therapy group. In a randomized study published by Condit,
[44] there was no improvement in survival time in the combined group. In another study, Gupta and others[100] observed an improvement in survival time and better control of the primary tumor. This was especially true for those with 
oropharyngeal tumors. Thus, three randomized series with adequate patient numbers showed negative results, and a fourth study showed improved survival time.

Hydroxyurea plus radiotherapy.

Hydroxyurea kills cells in the S-phase and synchronizes cells into the more radiosensitive G1 phase. Despite good theoretic activity, three randomized trials have shown no advantage of hydroxyurea in addition to radiotherapy. In one series, 
12 patients with advanced cancer were randomly assigned to receive radiation alone or with hydroxyurea (80 mg/kg biweekly).[206] The complete response rate at the primary site was 40% in both groups, but survival time was inferior in the 
combination group. In addition, distant metastases developed in 23% of patients receiving combined treatment as compared with 8% receiving irradiation alone. Another study of 40 patients comparing radiotherapy alone or with hydroxyurea 
(80 mg/kg three times per week) showed no difference in complete response rate or survival times, but it did show a 40% incidence of mucositis in the combined group. [175] 

Bleomycin plus radiotherapy.

Bleomycin and irradiation have been studied in vitro, and the enhanced effects are believed to be caused by interference with cellular repair after irradiation. Nine randomized trials have compared radiotherapy alone with radiation plus 
bleomycin. The first series included 227 patients with advanced oropharyngeal carcinomas.[29] Bleomycin was given at 15 mg twice weekly for 5 weeks. No difference in response rate or survival time was noted, and bleomycin was not well 
tolerated, causing a significant amount of mucositis. The results were unchanged in a recent update of this trial.[74] Similar results were reported by Vermund and others.[227] In contrast, a third large series from India[194] included patients with 
advanced buccal mucosa cancers and compared radiotherapy given alone with radiation plus bleomycin (10 to 15 mg three times per week for 6 weeks). The complete response rate in the radiotherapy group was 21% compared with 77% in 
the combined therapy group.

An improvement in disease-free survival time, local and regional control, and complete response rate, but not overall survival time, was reported by Fu and others.[92] In this Northern California Oncology Group trial, patients received either 
radiotherapy alone or radiation with bleomycin (5 mg twice weekly) followed by 16 weeks of maintenance bleomycin and methotrexate. The complete response rates were 45% with radiotherapy alone and 67% for the combined treatment (P 
= .056). The 2-year local and regional control rate was significantly improved with the addition of bleomycin, 26% vs 64% (P = .001). The incidence of distant metastases as a site of failure was similar in both treatment groups, indicating 
that the bleomycin and methotrexate maintenance regimen was ineffective in controlling micrometastatic disease. In this trial, in contrast to the others reported, the dose of bleomycin used with radiotherapy was well tolerated. A significant 
reduction in radiation dose or treatment delays did not occur as a result of enhancement of acute radiation toxicity.

Nine randomized trials of bleomycin and radiation have been completed. Only three of these showed a response benefit.[92] [126] [193] 

5-Fluorouracil plus radiotherapy.

Several early trials indicated that 5-FU was an active radiosensitizer for patients with head and neck cancer. Three randomized trials have been published. Lo and others[147] randomly assigned 134 patients with advanced head and neck cancer 
to receive radiotherapy with or without 5-FU (10 mg/kg per day for 3 days, 5 mg/kg per day for 4 days, 5 mg/m2 three times per week). The 5-year survival rate for radiation alone was 14%, and for combined treatment it was 32%. This 
improvement in survival time occurred for patients with primary lesions in the tongue or tonsil only. In another study, Shigematsu and colleagues [198] used intraarterial 5-FU
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with radiotherapy to treat patients with maxillary sinus carcinoma and observed an improvement in disease-free survival time. Browman and others[26] randomly assigned patients to receive infusional 5-FU and radiation or radiation alone and 
observed a higher complete response rate but no change in survival time.

Mitomycin and radiotherapy.

Mitomycin is an antibiotic that during hypoxic conditions is enzymatically reduced to form an active alkylating species.[185] It is selectively toxic to hypoxic cells. Therefore, because hypoxic cells within tumors have reduced sensitivity to the 
effects of radiation, it has been hypothesized that combined treatment could improve the therapeutic ratio.[181] This concept was tested by Weissberg and others[241] in a randomized trial by treating 120 patients with advanced head and neck 
cancer with radiotherapy alone or with radiation with mitomycin (15 mg/m2 ). Disease-free survival time at 5 years was 49% for the radiotherapy-alone patients and 75% for those treated with mitomycin (P < .07). Local and regional control 



rates were significantly improved with administration of mitomycin, 55% vs 75% (P < .01). There was no difference in the incidence of distant metastases or overall survival time between treatment groups.

Cisplatin and radiotherapy.

The exact mechanism of interaction between cisplatin and radiation is not known. Hypoxic and aerobic cell sensitization and the inhibition of cellular repair processes for sublethally damaged cells contribute to the effects observed in in vitro 
systems.[58] In a phase II trial, the RTOG administered cisplatin (100 mg/m2 ) every 3 weeks to 124 patients with locally advanced, unresectable head and neck cancer.[6] Sixty percent of patients completed the combined treatment per protocol, 
and 69% of all patients achieved a complete response. Separate analysis of the disease-free and overall survival times for those with nasopharynx and non-nasopharynx primary sites with more than 5 years of follow-up have been published.[7] 
[151] A comparison to RTOG patients treated with radiotherapy alone suggested improvement in survival time for the combined treatment.

Wheeler and others[244] piloted a study involving the administration of high-dose cisplatin (200 mg/m2 ) every 4 weeks with concurrent radiotherapy in 18 patients with unresectable disease and observed complete responses in 94%. The median 
survival time was 23 months with 56% and 41% alive and disease-free at 1 and 2 years, respectively. A high rate of distant relapse was observed. Only one randomized trial has been conducted to evaluate concomitant cisplatin and 
radiotherapy.[104] Through the Head and Neck Intergroup mechanism, 371 patients with unresectable local regional squamous cell head and neck cancer were randomly assigned to receive radiotherapy alone or radiation plus weekly low-dose 
cisplatin, 20 mg/m2 .

There was a significant difference in overall response rate (complete and partial), 59% for those receiving radiation alone and 73% for those receiving the combined treatment (P = .007). However, there was no significant difference in 
complete response or survival time. The lack of survival benefit may be because of the low total dose of cisplatin received—only 120 to 140 mg/m2 over the 6 to 8 weeks of radiation treatment.

Concomitant chemotherapy and radiotherapy have been useful for the treatment of patients with nasopharyngeal carcinoma. A head and neck intergroup trial closed in November 1995 demonstrating favorable results for the combined 
approach in this disease.[7] In this study, patients received either radiotherapy alone or cisplatin (100 mg/m2 days 1, 22, and 43) during radiotherapy followed by adjuvant chemotherapy with cisplatin and 5-FU (three cycles). An analysis of 
147 randomized patients revealed significant differences in 3-year survival time (78% vs 47%) and progression-free survival time (69% vs 24%) favoring the chemotherapy group. This exciting result has now changed the standard of care for 
those with nasopharyngeal carcinoma in the United States. Patients with stage III or IV disease should be treated with concomitant chemoradiotherapy followed by adjuvant chemotherapy.

Randomized trials of single agents and radiotherapy have shown improved survival time with methotrexate, bleomycin, and 5-FU.[147] [194] Improved disease-free survival, but not overall survival time, has been shown in two other trials with use 
of bleomycin and mitomycin. [92] [241] Because mucosal toxicity is enhanced with these regimens and because overall survival time, although improved, remains poor, none of these regimens has become a standard therapy. The exciting results 
of the intergroup trial using concurrent cisplatin in patients with locally advanced nasopharyngeal cancer cannot be generalized to other sites, but they will form a basis for further investigation.

The favorable results from concurrent cisplatin treatment and radiotherapy followed by adjuvant chemotherapy establish this as a standard management approach for locally advanced nasopharyngeal cancer in the United States.

Multiple Agents and Radiotherapy

Combining several drugs with radiation will enhance acute toxicity, which may be severe. Therefore, investigators have piloted trials designed with split-course
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radiation to allow for healthy tissue recovery. Most of these studies are limited to patients with stage III and IV locally advanced unresectable squamous cell cancer and have improved survival time as the primary goal. These regimens 
alternate chemotherapy and radiotherapy or use split-course radiotherapy to maximize tumor cell kill and to minimize tissue toxicity. For those with head and neck cancer, protracted radiation results in decreased local control rates because of 
accelerated repopulation of cancer cells that survive the initial insult.[11] [165] Thus, alternating two non-cross-resistant agents may potentially eliminate not only tumor cell repopulation but primary drug resistance.

Early phase I and II studies have used infusional 5-FU as originally reported by Byfield and others,[28] adding cisplatin [1] [216] or hydroxyurea [234] with concurrent split-course single daily fraction radiation. Alternatively, cisplatin and fluorouracil 
with leucovorin modulation have been combined with split-course accelerated radiotherapy.[242] Several studies with long follow-up periods reported promising survival and response data but also severe toxicity.[3] [102] [216] [237] [242] 

Mature data were reported by Taylor and others[216] using cisplatin plus continuous-infusion 5-FU and radiotherapy and alternating 1 week of treatment with 1 week of rest. The median survival time for 53 patients with a median follow-up 
period in excess of 4 years was 37 months. The complete response rate was 55%. The total dose received of radiation and 5-FU but not cisplatin correlated with outcome. Local control was poorest in stage IV patients with N3 disease.

Although these pilot trials all report encouraging data for improved survival time, randomized trials that use radiotherapy alone as the control are needed before these approaches can be recommended outside the research setting. Data from 
selected randomized trials are shown in Table 4-6 . The South-East Cooperative Oncology Group (SECOG)[204] compared alternating with sequential chemotherapy and radiotherapy. The chemotherapy selected was vincristine, bleomycin, and 
methotrexate with a further randomization to inclusion of 5-FU or not. Survival rates were lower than observed in a previous pilot trial, and a significant improvement in disease-free survival time was observed on subset analysis for larynx 
primaries managed with the alternating schedule. The alternating regimen was associated with a higher frequency of severe mucosal reactions.

Merlano and others[156] published the final report of a randomized comparison of alternating and sequential chemotherapy (vinblastine, bleomycin, methotrexate) and radiotherapy followed by surgical salvage if feasible. Four courses of 
chemotherapy were alternated with three courses of radiotherapy (20 Gy each). All patients had unresectable stage III or IV squamous cell cancer. The complete response rate before and after surgical intervention and the overall survival time 
at 4 years were significantly superior for patients receiving concomitant treatment. Severe mucosal toxicity was observed in 30.5% of patients in the alternating regimen compared with only 6% of those receiving chemotherapy before 
radiotherapy. The results of a follow-up trial reported by Merlano and others [156] [157] showed a significant difference in relapse-free and overall survival time for patients treated with alternating cisplatin plus 5-FU and radiotherapy compared 
with radiotherapy alone. All patients had unresectable locally advanced squamous cell cancer of the head and neck.

In a small randomized trial, Adelstein and others[2] compared simultaneous cisplatin plus 5-FU and radiotherapy to sequential treatment. Patients with stage II, III, or IV, either resectable or unresectable disease, were eligible. In the 
simultaneous treatment, patients were evaluated for surgery after chemotherapy and 30 Gy. Complete responders and those with unresectable disease continued treatment with chemotherapy and radiotherapy. In the sequential treatment, 
surgical evaluation occurred after three cycles of chemotherapy and before radiotherapy. The results with follow-up period ranging from 9 to 41 months showed a significant difference in disease-free survival time but not overall survival 
time. At this point in follow-up, 18 of 48 patients were complete responders and had not required surgery. Taylor,[217] similarly to Adelstein and others,[3] compared cisplatin plus 5-FU and concomitant radiotherapy with sequential treatment. 
They found a significant improvement in local and regional control in patients receiving concomitant treatment.



The use of concurrent combination chemotherapy and radiation has continued to be under intense study in recent years.[130] There has been clear demonstration of enhancement of tumor control and improvement of survival over radiation 
treatment alone (see Table 4-6 ). There has also been a substantial increase in acute toxicities, especially dermatitis and mucositis, and longer follow-up evidence for increased late toxicity has begun to emerge.

As a generalization, patients admitted to these studies have had variable head and neck primary T sites, although oropharynx primaries tend to predominate. Brizel and others[24] have compared a hyperfractionated radiotherapy arm to a total 
dose of 75 Gy with the same radiation schedule, to 70 Gy, and concurrent cisplatin and 5-fluorouracil. The concurrent treatment was followed by two cycles of adjuvant chemotherapy. There was a statistically significant
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TABLE 4-6 -- RANDOMIZED TRIALS OF CONCOMITANT OR ALTERNATING COMBINATION CHEMOTHERAPY AND RADIATION

Author (Ref) Treatment Number of Patients Survival other Outcomes

Keane (1993)[128] Concurrent MMC + F/RT 104 NS

 RT 105  

Merlano (1992)[158] Alternating PF/RT 80 Significant increase

 RT 77 Significant improvement in CR + L-R control with PFS/RT

Taylor (1994)[217] Concurrent PF/RT 108 NS

 Sequential PF → RT 107 Significant improvement L-R control for T3–4 N2 subset with PFS/RT

Adelstein (1990)[2] Concurrent PF/RT 24 NS

 Sequential PF → RT 24 Significant improvement in DFS with concurrent PFS/RT

Merlano (1991)[156] Alternating VBM/RT 61 Significant increase

 Sequential VBM → RT 55 Significant increase in CR and PFS with concurrent VBM/RT

SECOG (1986)[204] Concurrent VBM ± F/RT 136  

 Sequential VBM ± F → RT NS DFS improved for larynx with concurrent VBM ± F/RT

Brizel (1998)[24] Concurrent PF/RT 56 L-R Control improved (P = .1)

 HFRT 60  

Wendt (1998)[243] Concurrent PFL/RT 130 Improved survival (P = .0003)

 HFRT 140  

Calais (1999)[30] Concurrent Pc/RT 109 Improved survival (P = .02)

 RT 113  

Jeremic (2000)[123] Concurrent C/RT 65 Improved survival (P = .008)

 HFRT 65  

(Reprinted with permission from Tumors of the nasal cavity and paranasal sinuses, nasopharynx, oral cavity, and oropharynx. In Schantz SP, Harrison LB, Forastive AA: Cancer-principles and practice of oncology, ed 5. Philadelphia, 
Lippincott-Raven, 1997.)

MMC, Mitomycin C; F-5, fluorouracil; L, leucovorin; Pc, carboplatin; RT, radiotherapy; NS, not significant; PFS, progress-free survival; CR, complete response; DFS, disease-free survival; SECOG, Southeast Cooperative Oncology 
Group; P, cisplatin; V, vinblastine; B, bleomycin; M, methotrexate; L-R, locoregional.
 
improvement in local disease control and a strong trend toward improved overall survival. In this trial, neck dissection was recommended in patients with N2/3 disease. Clayman and others[42] reviewed the M.D. Anderson experience 
examining the indication for neck dissection in this patient population. This report suggests that neck dissections are required only when there is radiographic evidence of residual disease 6 to 8 weeks after the completion of definitive 
chemoradiation. Wendt and others[243] reported a statistically significant 3-year survival advantage after the concurrent use of cisplatin, 5-FU and leucovorin given as a single therapeutic modality. Calais and others[30] compared a more standard 
once-daily fractionation radiation schedule with the same radiotherapy and concurrent carboplatin and 5-FU, demonstrating a statistically significant advantage in local regional tumor control and overall survival at 3 years. This report is 
particularly germane because the study group consisted of oropharyngeal patients only. Finally, Jeremic and colleagues[123] investigated the value of adding cisplatin given daily to a hyperfractionated radiation therapy program vs the same 
radiation schedule given alone in patients with locally advanced squamous cell cancers of the head and neck. In this recent report, locoregional and distant disease control, as well as overall survival were improved at the 5 years. The clearest 
benefit in all four studies was an improvement in locoregional control that translated into a survival advantage. Acute toxicity was increased, especially mucositis and hematologic effects, but there was no obvious escalation of long-term 
sequelae. However, this potential problem area has not been fully studied. In aggregate, overall 3-year survival exceeded 50% in these experimental programs, underscoring the potential therapeutic efficacy of concomitant chemotherapy and 
radiation in advanced head and neck cancers.

Concurrent chemotherapy, particularly with multiple drugs, leads to a marked increase in acute toxicity. "In-field" mucositis and dermatitis can be severe, are associated with much discomfort, and may lead to
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increased risk of infection, poor nutritional intake, and interruption of radiotherapy or chemotherapy dose reductions. This may compromise tumor control and ultimate survival. There also is the potential for an increase in serious long-term 
toxicities as survival increases after these intensive treatment programs. For optimal results, concurrent treatments should be administered in centers with sufficient training and expertise and with experienced supportive care teams available.

The results of these trials indicate that improved disease-free and overall survival times were obtained for patients with locally advanced squamous cell head and neck cancer using alternating or concomitant chemotherapy and radiotherapy. 
Well-designed clinical trials are needed to determine optimal chemotherapy and radiotherapy schedules. Randomized trials are currently in progress to help clarify these issues.

Adjuvant Chemotherapy

Adjuvant chemotherapy after primary surgery has been shown to be effective in patients with breast cancer and osteogenic sarcoma. To date, three randomized trials have been designed to address this question in those with head and neck 
cancer. Adjuvant chemotherapy has several potential advantages over neoadjuvant treatment. With adjuvant treatment, surgery is not delayed, and a patient with resectable disease can undergo surgery sooner. Secondly, induction therapy can 
blur the margins of disease, making the degree of surgical resection less obvious. Finally, induction chemotherapy, if successful, can lead to symptom abatement, resulting in patient refusal of surgery afterward.

Through the Head and Neck Intergroup mechanism, a large multiinstitutional trial was conducted to test whether the addition of chemotherapy to surgery and radiotherapy prolonged survival time or altered the pattern of recurrence.[139] 
Patients with stage III or IV squamous cell carcinoma of the oral cavity, oropharynx, or larynx and those with stage II, III, or IV of the hypopharynx who had negative pathologic margins of resection were eligible.

Randomization was to immediate postoperative radiotherapy or to three cycles of cisplatin plus 5-FU chemotherapy followed by radiotherapy. A preliminary analysis of the 503 patients in the study has shown no significant difference in 
disease-free survival time, overall survival time, and local and regional control. However, there was a significantly lower rate of distant metastases as a site of failure (P = .016) at any time for patients treated with adjuvant chemotherapy. 
Perhaps more important was the finding that a high-risk subset of patients (those with extracapsular extension, carcinoma in situ, or close surgical margins) appears to benefit from adjuvant chemotherapy with increased survival time and 
local control that approached statistical confidence when compared with those receiving radiation alone.

Two trials testing induction chemotherapy added maintenance chemotherapy to one treatment group and observed differences in outcome. The Head and Neck Contracts Program[106] trial of one course of cisplatin and bleomycin induction 
chemotherapy before surgery and radiation included 6 months of maintenance chemotherapy in one of the three treatment arms. There was a significant decrease in the distant metastatic rate observed for those patients. Ervin and others [73] 
randomly assigned patients showing a response to cisplatin, bleomycin, and methotrexate induction chemotherapy to receive three additional cycles or observation after definitive surgery and radiotherapy. The 3-year disease-free survival 
time for patients receiving maintenance chemotherapy was 88% compared with 57% for the control subjects (P = .03). In a phase II pilot, Johnson and others[124] treated 42 patients with extracapsular spread of tumor in cervical lymph node 
metastases with 6 months of methotrexate and 5-FU after resection and radiotherapy. The 2-year disease-free survival rate was 66%, which was improved from an expected control rate of 38% based on historical experience.

Shin and others[199] have recently reported the potential benefit of adjuvant cis retinoic acid interferon-α and vitamin E in advanced-stage patients treated for 1 year after completion of primary therapy. In a phase II experience with eligible 
patients considered disease-free at the start of the adjuvant program, they reported 90% failure-free survival at median 2-year follow-up. This adjuvant regimen is currently being tested in a prospective phase III trial.

Considered together, the results of these trials indicate that adjuvant chemotherapy can affect micrometastatic disease and decrease the rate of distant recurrence. The data also suggest that disease-free survival time may be improved. The 
major impediment to successfully conducting adjuvant or maintenance chemotherapy trials in patients with head and neck cancer is patient noncompliance and physician fatigue. The morbidity of the primary treatment, combined with the 
medical and social situations of this group of patients, makes classical adjuvant chemotherapy difficult or not feasible for many patients. In addition, there appears to be no role for adjuvant chemotherapy in low-risk patients, although high-
risk patients may benefit.

ORGAN PRESERVATION

Many squamous cell cancers of the head and neck are diagnosed at a late stage. Stage III and IV tumors often
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necessitate extensive or radical surgery that can alter function. Problems with radical surgery include loss of speech, loss of swallowing function, or disfigurement without a concomitant improvement in survival time. Therefore, preservation 
of function became one of the major challenges of the 1990s. A role for combined modality treatment in preserving organ function has already been noted for laryngeal preservation as in the VA larynx study.[231] In this study, neoadjuvant 
chemotherapy followed by radiotherapy was more successful in preserving voice function compared with surgery without a loss in survival time.

Neoadjuvant chemotherapy has been used to preserve organ function for patients with hypopharyngeal, laryngeal, and oropharyngeal cancers. Several nonrandomized studies have been completed using cisplatin-based chemotherapy. In these 
studies, patients were required to have achieved either partial or complete response to go on to conventional radiotherapy. Nonresponders then went on to undergo radical surgery. In these pilot studies, there were no survival differences 
between the surgical groups and the groups that avoided surgery, suggesting that quality of life may be improved without worsening survival.

In addition to the VA larynx study,[231] another large randomized study has been completed. This study[140] was done in Europe by the European Organization for Research and Treatment of Cancer (EORTC) beginning in 1990 and compared a 
larynx-preserving therapy (induction chemotherapy plus radiation) with conventional surgery plus postoperative radiation. The design of the EORTC study was similar to the VA larynx study; the patients were randomly assigned to either 
treatment, and patients receiving induction chemotherapy received cisplatin plus 5-FU. After two cycles of chemotherapy, only responders (i.e., partial or complete responders) received a third cycle. Patients achieving a complete response 
then received definitive radiotherapy. Nonresponding patients or those with partial response underwent conventional surgery followed by postoperative radiation. As in the VA study, the overall survival data were not different between the 
two arms, and the median duration of survival time was longer for the chemotherapy arm. Local failures occurred more commonly in the chemotherapy arm, but the distant metastatic rate was lower. In both studies, a large number of patients 
were enrolled, and of the surviving patients, a significant percentage were able to retain their larynx.

The intergroup study, previously discussed, further supports the concept that for selected patients definitive treatment with chemotherapy and radiation may allow for organ preservation with no compromise in terms of survival. In the R91-
11 trial, there was comparison between induction chemotherapy, radiotherapy alone, and radiotherapy with concurrent cisplatin. The results indicated a significant advantage for concomitant cisplatin treatment with preservation of the larynx 
in 88% of patients treated in the concomitant arm. It can be concluded that the option of organ preservation therapy with chemotherapy and radiation therapy is becoming a reality for many patients with squamous cancers of the head and 
neck. Certainly, enrollment of patients with advanced cancers of the oropharynx and hypopharynx to clinical trials of multimodel therapy.



INTRAARTERIAL CHEMOTHERAPY

Poor response to chemotherapy after surgery or radiotherapy may be caused by impaired drug delivery into the region. Intraarterial chemotherapy has been used in attempts to overcome this for almost three decades. The rationale for 
intraarterial therapy is based on the steep dose-response curve exhibited by most cytotoxic drugs.[88] Maximum cell kill occurs when the tumor exposure to a high concentration of drug is optimized. Drug toxicity also follows a steep curve. 
Therefore, regional drug delivery has the potential to increase tumor drug exposure and reduce systemic exposure that affects critical healthy tissues.[38] [43] The principal determinant of a drug's therapeutic advantage is the ratio of total body 
clearance to the regional exchange rate.

Several factors should be considered when choosing a drug for intraarterial delivery: (1) drug concentration, not time of exposure, is the major factor in cell killing; (2) the drug should be deactivated in the systemic circulation; (3) there 
should be a high tissue extraction; and (4) a drug should not require activation in the liver.

Intraarterial cisplatin has been shown to be effective and relatively nontoxic in patients with several solid tumors. Pharmacokinetic studies have shown a regional increase in plasma and tissue platinum concentrations in the infused area. 
Several studies indicate significant palliation in patients with head and neck squamous cancers in whom irradiation and surgery failed to eradicate the tumor. A response rate of 87% using intraarterial 5-FU, methotrexate, and bleomycin was 
reported by Donegan and Harris.[62] Tumor regression lasted up to 13 months. Intraarterial methotrexate and bleomycin have been used before irradiation for patients with advanced head and neck cancer, with a 28% partial response rate.[250] 
Intraarterial cisplatin given before surgery or radiation has produced responses in the 70% to 80% range.[161] 

One of the major drawbacks of intraarterial therapy is catheter-related complications: air and plaque emboli, sepsis, and patient immobility during chemotherapy administration. These problems have been
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overcome by the introduction of an implantable infusion pump.[14] This system has been used successfully to treat patients with recurrent head and neck cancer with continuous infusion of dichloromethotrexate and fluorodoxyuridine. [82] [245] 

One primary site for which intraarterial chemotherapy has been more extensively studied is paranasal sinus cancer. Japanese investigators have favored cannulation of the superficial temporal artery and infusion of 5-FU integrated with 
surgery and radiotherapy.[186] [197] More recently, investigators in the United States have evaluated superselective arterial catheterization and short-term intraarterial chemotherapy to debulk locally advanced resectable and unresectable paranasal 
sinus carcinoma. This approach minimizes potential toxic effects to adjacent healthy tissues.

Dimery and colleagues[60] reported evaluating intraarterial cisplatin and bleomycin by this technique combined with intravenous 5-FU. A complete response rate of 23% was achieved in those receiving the chemotherapy alone. After surgery 
or radiotherapy, 63% of patients were disease free, and 61% were spared orbital exenteration. Papadimitrakopoulou and others[97] further evaluated intraarterial cisplatin with systemic paclitaxel and ifosfamide induction therapy for maxillary 
cancers in an attempt to determine the efficacy of the regimen in patients who otherwise would require orbital exenteration or a major cranial facial resection. The organ preservation rate was 74% with 17 of 24 patients disease free at 1.6 
years' medial follow-up.

More recently, Robbins and colleagues[177] [178] have reported an extensive experience in 213 patients with stage III/IV squamous cell carcinomas treated with weekly intraarterial infusion of cisplatin, simultaneous intravenous thiosulfate, and 
external beam radiotherapy. Complete tumor response in the primary and regional sites was observed in 80% and 61% of patients, respectively. Cancer-specific 5-year survival was 54%, and six treatment-related deaths occurred.

Although intraarterial therapy has several theoretic advantages over systemic chemotherapy, it has not been established as a superior approach. Most series contain small numbers of selected patients. This therapy should not be viewed as a 
standard of care by the community, and further investigation appears to be warranted.

SALIVARY GLAND CANCERS

Cancers of the salivary gland represent approximately 3% of all neoplasms in the head and neck region. The majority originate in the parotid gland. Despite optimal treatment with surgery and postoperative radiotherapy, patients with 
advanced salivary gland cancers have a poor prognosis, with survival times ranging from 0% to 32% at 10 years. Survival time varies with histology, with 10-year survival rates of 96% reported for low-grade mucoepidermoid carcinoma and 
29% reported for adenoid cystic carcinoma.[89] The probability of recurrence also varies with site. Local or distal recurrence occurs in up to 66% of patients with cancers of the major salivary glands and in up to 92% of patients with cancers of 
the minor salivary glands.[45] The reasons for recurrence include failure of local control and spread of disease to distant sites, particularly the lung.

Chemotherapy in the management of salivary gland cancers has been used mainly for the treatment of patients with recurrent disease. Because of the relatively small number of patients, trials often contain few patients with a variety of 
histologic findings. Many reports document single cases, leaving uncertainty as to the number of patients who may have been treated. Suen and Johns[211] reported that response to chemotherapy varies with histologic findings. They also found 
that response varies with the site of recurrence, with local and regional disease having a higher response rate than distant disease. In addition, patients without previous radiotherapy had a better response to chemotherapy. Drawing 
conclusions from most series is difficult because they usually include a group of patients treated for many years with a variety of combinations and single agents. In addition, some cancers with distal spread, such as adenoid cystic carcinoma, 
can grow at such a slow rate that responses and impact on survival time are difficult to interpret.

Suen and Johns[211] reported large series of patients treated at their institutions and at others in an attempt to define the best single agents or combinations of drugs for salivary gland cancers of specific histologic categories. For those with 
adenoid cystic carcinoma, the best single agents are cisplatin, 5-FU, and doxorubicin. Cisplatin has been reported to have a complete response rate of 29% and an overall response rate of 64% in 14 treated patients.[189] [211] Complete responses 
lasted from 7 to 18 months. 5-FU has been reported to have a partial response rate of 46% in 13 patients.[125] [214] Adriamycin was noted to have a response rate of 13% in seven patients.[174] [226] Methotrexate, vincristine, and cyclophosphamide 
appear to have little activity for adenoid cystic carcinoma. The combination of Adriamycin and cyclophosphamide has been used in five patients with a 40% partial response rate.[171] Because of poor prognosis of patients with advanced disease 
and the activity of cisplatin, Sessions and others[191] treated four patients with intraarterial cisplatin before further therapy. All patients had some tumor shrinkage, but only two had a partial response. There was minimal toxicity.
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Very few studies of single-agent chemotherapy for mucoepidermoid carcinoma exist. Several of the studies were done before the widespread use of cisplatin, and data on its use as a single agent for the management of this carcinoma are not 
available. Methotrexate has been used in four patients, with one achieving a complete response and one having a partial response. Posner and others[171] used two different combinations for recurrent mucoepidermoid carcinoma. Two of three 



patients responded to a combination of cisplatin, bleomycin, and methotrexate. Three patients failed to respond to a combination of cyclophosphamide and Adriamycin. Further studies need to be done to determine the most active agents for 
mucoepidermoid carcinoma.

Only scattered reports of the use of chemotherapy for the other salivary gland cancers exist. The combination of Adriamycin, cisplatin, and cyclophosphamide achieved one complete response and two partial responses in three treated 
patients with adenocarcinoma.[4] The small numbers of patients in each series preclude firm conclusions regarding the true level of antitumor activity of these drugs. However, the data provide an indication of which drugs are reasonable to 
choose for single-agent or combination chemotherapy. Creagan and others[49] reported the results of cisplatin-based chemotherapy in 34 patients with locally recurrent or metastatic cancers originating from the salivary gland or contiguous 
structures. Most patients received cyclophosphamide or mitomycin, plus Adriamycin and cisplatin combination chemotherapy. A 38% response rate was observed, listing a median of 7 months. The median survival time was 18 months for 
responders to chemotherapy and 15 months for nonresponders. Thus, response to treatment did not appear to confer a survival advantage. Dreyfuss and others[65] also evaluated cyclophosphamide, Adriamycin, and cisplatin in a series of 13 
patients (nine with adenoid cystic carcinoma and four with adenocarcinoma), observing responses in 46% (three complete and three partial responses). In another combination chemotherapy trial, Venook and others[225] treated 17 patients with 
advanced or recurrent salivary cancer with cisplatin, Adriamycin, and 5-FU. Thirty-five percent of patients responded to chemotherapy. In this small series, response rate was not influenced by the extent of previous treatment.

Whether combination chemotherapy can improve survival time in patients with recurrent disease is not clear. In some patients with recurrent disease, particularly adenoid cystic carcinoma, the pace of disease can be so slow that patients 
often do not need to be treated with chemotherapy for a prolonged period. This slow growth rate in some patients may be one of the factors accounting for the poor response to chemotherapy. New agents need to be evaluated in adequate 
numbers of patients to determine activity with statistical confidence. A recent paclitaxel trial showed evidence of activity in mucoepidermoid and adenocarcinoma of salivary origin with 7 of 29 (25%) patients achieving partial response.[122] In 
contrast, adenoid cystic carcinomas were not responsive to therapy. Studies of adjuvant chemotherapy in salivary cancer have not been undertaken because of the small numbers of patients and relatively ineffective chemotherapy. Clearly, 
collaborative efforts will be necessary before conclusions can be drawn concerning the use of chemotherapy for salivary gland cancers.

CHEMOPREVENTION OF HEAD AND NECK CANCER

Chemoprevention is defined as the administration of pharmacologic agents to inhibit the events occurring during the multistep process of carcinogenesis or the reversal of a premalignant condition. The biology of carcinogenesis leading to 
upper aerodigestive tract malignancies is not well understood. Tumor formation is believed to be a multistep process involving biochemical and molecular changes that result in dysregulated differentiation and proliferation.[78] Chromosomal 
alterations and mutations of specific oncogenes are associated with epithelial cancers. Investigators studying various genomic, proliferation, and differentiation biomarkers have found alterations in specific markers (keratin, involucrin, 
transglutaminase) during the process of abnormal squamous differentiation. These biomarkers can be useful as intermediate end points in future chemoprevention trials.[143] Our understanding of the biology of carcinogenesis for head and neck 
cancer and other aerodigestive tract tumors is expected to rapidly expand in the next decade.

Chemoprevention is particularly relevant to patients who are curatively treated for an early stage head and neck squamous cell cancer. It is recognized that second primary malignancies develop at a rate of 3% to 4% per year in these patients.
[46] [129] [142] The explanation for this risk is based on the concept of field cancerization first formulated in the 1950s.[202] [210] Repeated exposure of the entire epithelial surface to carcinogens, such as tobacco and alcohol, can lead to the development 
of multiple sites of premalignant and malignant change. The ability of retinoids and carotenoids to affect epithelial growth and differentiation is supported by in vitro, animal, and epidemiologic studies.[19] Although the exact mechanism by 
which retinoids inhibit carcinogenesis is not known, retinoids have been shown to modify genomic expression at the level of messenger RNA synthesis and to regulate transcription of specific genes.[148] [239] Clinically,
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retinoids and carotenoids have been used to prevent malignant transformation of dysplastic leukoplakia lesions. Most recently, retinoids have been studied in the prevention of second primary cancers. Retinoids are the synthetic and natural 
analogs of vitamin A. β-carotene is the major source of vitamin A in the diet.

The major limitation in the use of retinoids is associated toxicity. Acute toxicity includes dryness of conjunctival and oral mucous membranes, cheilitis, skin desquamation, hypertriglyceridemia, bone tenderness, arthralgias, and myalgias. 
Chronic toxicities include hepatotoxicity and bone remodeling.[107] These compounds are teratogenic, causing multiple malformations. Because of these toxicities, a number of retinoids have been synthesized. Four that are used clinically are 
vitamin A (retinol); β-all-transretinoic acid (retinoid); 13-cis retinoic acid (isotretinoin); and an aromatic ethyl ester derivative, etretinate.[107] In contrast to the retinoids, the major toxicity of the carotenoids is yellowing of the skin. Other 
compounds that may have use in chemoprevention based mainly on in vitro and animal data are α-tocopherol (vitamin E), selenium, and N-acetyl cysteine. The latter compound is a precursor of intracellular glutathione that enhances its 
antioxidant activity as a free-radical scavenger. N-acetyl cysteine is nontoxic and currently under investigation in Europe for the prevention of second malignancies in patients with a previous head and neck or lung carcinoma.[107] EGFR, 
farnesyl transferase, and COX-2 inhibitors are also under study as potential chemoprevention agents.

Studies with retinoids and carotenoids in patients with leukoplakia are listed in Table 4-7 . Stich and others[208] [209] reported two trials conducted in India and  

TABLE 4-7 -- RESULTS OF RANDOMIZED CHEMOPREVENTION TRIALS IN THE HEAD AND NECK

Study Design Number of Patients Intervention and Dose Results

Oral premalignancy     

••Hong and others, 1986[109] Induction 44 Isotretinoin (2 mg/kg/d) Positive

••Lippman and others, 1993[145] Maintenance 70 Isotretinoin (0.5 mg/kg/d) Positive

••Stich and others, 1988[209] Induction 65 Vitamin A (200,000 IU/wk) Positive

••Han and others, 1990[101] Induction 61 Retinamide (40 mg/d) Positive

••Costa and others, 1994[48] Maintenance 153 Fenretinide (200 mg/d) Positive

Previous cancer     

••Hong and others, 1990[112] Adjuvant 103 Isotretinoin (50 to 100 mg/m2 /d) Positive

••Bolla and others, 1994[18] Adjuvant 316 Etretinate (50 mg/d; 25 mg/d)  



••Pinto and other, 2001[170] Adjuvant 189 Isotretinoin (7.5–10mg/d) Negative

••Khuri and others, 2003[129] Adjuvant 1190 Isotretinoin (300mg/d) Negative

(Reprinted with permission from Lippman and others: Strategies for chemoprevention study of premalignancy and second primary tumors in the head and neck, Curr Opin Oncol 7:234, 1995.)
 
the Philippines in betel nut chewers. In one placebo-controlled trial, β-carotene was compared with β-carotene plus vitamin A. Complete response was observed in 3% of the patients taking placebo, in 15% of β-carotene-treated patients, and 
in 28% of those taking the combination. These patients demonstrated significant suppression of micronuclei expression and index of DNA damage on serial cytologic examinations. In a subsequent study, patients were randomly assigned to 
receive placebo or twice the dose of vitamin A (200,000 IU/wk) received in the first trial. A 57% complete response rate was observed with total suppression of the development of new leukoplakic lesions. In the placebo group, the complete 
response rate was 3%, and there was a 21% rate of new lesion formation.[209] In a small pilot study, Garewal and others[93] observed a 71% complete and partial response rate in 24 patients treated with β-carotene. There was no significant 
toxicity. Other investigators reported complete and partial response rates ranging from 60% to 100% with 13-cis retinoic acid.[134] [192] 

These results led Hong and others[109] to conduct a randomized placebo-controlled trial of 13-cis retinoic acid (1 or 2 mg/kg per day) in oral leukoplakia with dysplastic change. All patients were assessed with pretreatment and posttreatment 
biopsies. Patients were treated for 3 months and observed for 6 months. There was a highly significant difference in response rate, 67% vs 10%, comparing the treated group with those taking placebo. Histologic reversal of dysplastic change 
was documented in 54%. Unfortunately, after stopping treatment, the relapse rate was high within 2 or 3 months, and the regimen was associated with considerable toxicity. In a follow-up trial,[144] 56 patients received 13-cis retinoic acid (1.5 
mg/kg

138

per day) for 3 months, followed by randomization to low-dose 13-cis retinoic acid (0.5 mg/kg per day) or β-carotene maintenance therapy. cis-Retinoic acid proved superior in maintaining remissions and had an acceptable level of toxicity in 
this low dosage.

Hong and others[112] reported the results of using 13-cis retinoic acid to prevent second primary malignancies in patients with squamous cell cancer of the head and neck rendered disease free with surgery and radiotherapy. This placebo-
controlled chemoprevention trial randomly assigned 103 patients to receive high-dose 13-cis retinoic acid (50 to 100 mg/m2 per day) or placebo for 1 year. At a median follow-up period of 32 months, second primary tumors had developed in 
4% of those receiving retinoic acid compared with 24% of the placebo group (P = .005). The results of this trial have led to the initiation of two multiinstitutional confirmatory trials in the United States; two chemoprevention trials are in 
progress in Europe.[23] In the United States, the North Central Cancer Treatment Group and ECOG have randomly assigned patients with stage I and II squamous cancers of the head and neck rendered disease free with surgery or radiotherapy 
to placebo or low-dose 13-cis retinoic acid (0.15 mg/kg per day) for 2 years.[170] Preliminary results suggest no benefit for the experimental regimen, with respect to the incidence of second primary tumors or survival. The M.D. Anderson 
Cancer Center and Radiation Therapy Oncology Group have conducted a placebo-controlled trial for the same patient group testing a higher dose of cisretinoic acid, 30 mg/day, for 3 years. Dose reductions for toxicity were allowed. Khuri 
and others[129] have recently reported that no long-term disease-free or survival benefit was clearly demonstrated.

SUMMARY

Tumors of various histologic types occur in the head and neck. Excluding thyroid malignancies, approximately 80% are squamous cell carcinomas. Data evaluating the impact of chemotherapy on survival time, particularly for combined 
modality treatments, are limited to this common histologic type for which patient numbers are available for randomized comparative trials. Phase I, II, and III studies in patients with locally recurrent or metastatic disease have shown that 
chemotherapy can produce response rates of 30% to 40%, and combination chemotherapy is more effective than single agents. However, responses tend to be brief (2 to 4 months) and may not be associated with longer survival time. Thus, 
chemotherapy for these patients is palliative. An exception to this is for patients with tumors of the nasopharynx in whom higher response rates and a small proportion of long-term disease-free survivors are observed. Prognostic factors have 
been identified that should be used by the physician to select patients most likely to benefit from palliative treatment.

In newly diagnosed patients with locally advanced disease, high response rates have been achieved with induction chemotherapy; and this approach remains under study. An important role for chemotherapy may be to preserve organ 
anatomy and function at selected sites. Three large multicenter randomized trials were successfully conducted with preservation of laryngeal function. Chemotherapy administered concurrently with radiotherapy has improved local control 
and survival time in selected series. The increase in toxicity associated with these regimens should be carefully considered when selecting patients for this combined treatment. Chemotherapy for those with parotid cancers has been studied 
only for recurrent disease. Response rates are modest, and impact on survival time has not been demonstrated.

Figure 4-1 shows an algorithm for management of late-stage (locally advanced) squamous cell carcinomas of the head and neck. Patients with earlier-stage disease (i.e., stage I or II) should receive conventional therapy with either surgery, 
radiotherapy, or both. Patients with stage III or IV disease can be divided into those with resectable or unresectable disease. Those with unresectable disease should often be treated with chemotherapy and radiation or entered into a combined 
chemoradiation treatment protocol. Those with stage III disease also benefit from combination treatment as part of a clinical trial. Patients with metastatic disease should receive chemotherapy with palliative intent if performance status is 
favorable. Patients with "resectable" disease can be further divided by site. Those with primary oral cavity tumors would be best served by surgery followed by radiotherapy, whereas patients with oropharynx, hypopharyngeal, or laryngeal 
tumors are treated with radiation, with or without chemotherapy depending on the site and stage.

 
Figure 4-1 Management of late-stage squamous cell carcinomas of the head and neck. 
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Chapter 5 - SKIN FLAP PHYSIOLOGY AND WOUND HEALING

Patrick J. Byrne 
George S. Goding Jr. 

INTRODUCTION

A comprehensive discussion of the physiology of the skin as it applies to surgery is essentially one of vascular supply. Local skin flaps, like pedicled flaps and free tissue transfer, are dependent on the maintenance of adequate perfusion to 
meet the metabolic demands of mobilized tissue. An understanding of this physiology allows the surgeon to plan flaps intelligently to ensure a favorable outcome. In addition, an understanding of flap physiology provides a conceptual basis 
on which to optimize the management of the challenging defect or the tenuous flap.

The vascular supply to the skin serves two purposes: thermoregulation and nutritional support. Nutritional support is regulated largely by the capillary network, which is under the control of the precapillary sphincters. Local hypoxemia 
causes vasodilation of the precapillary sphincters. Thermoregulation is controlled by arteriovenous shunts, which are located more superficially in the skin. The sphincters of the arteriovenous shunts are under sympathetic control. When 
body temperature increases, the resulting decrease of norepinephrine leads to lesser sphincteric contraction, thus allowing greater blood flow to the skin. The opposite occurs with decreased body temperature.

The creation of a flap applies specific stresses to healthy skin. These stresses include local tissue trauma and reduced neurovascular supply to the affected tissue. The extent to which skin can survive these injuries is a reflection of the 
anatomy and physiology of skin and of the cutaneous response to injury. Knowledge of these principles has led to improved skin flap survival rate by means of improved flap design. Increasing cutaneous flap survival rate by minimizing the 
deleterious physiologic effects of flap transposition is an area of active research that has yet to produce techniques that have widespread clinical application.

An important concept in skin vascular physiology as it applies to flaps is that of the angiosome. In 1987, Taylor and Palmer357 coined the term angiosome to refer to the tissue supplied by a named artery. The head and neck region has several 
such angiosomes, including the important thyroid, facial, buccal, ophthalmic, superficial temporal, and occipital. [65] Adjacent angiosomes are in communication with each other via choke vessels. This relationship becomes important in the 
design of various flaps. It has been demonstrated that axial pattern flaps (to be discussed in this chapter) are capable of supplying adequate blood flow to an adjacent angiosome. The incorporation of tissue on an additional angiosome beyond 
this adjacent angiosome, however, invites vascular compromise and likely flap failure. Techniques such as delay to extend this vascular supply may be necessary.

ZONE OF PERFUSION

Maintenance of cell function and viability is the objective of the circulatory system at macrocirculatory, capillary, interstitial, and cellular levels. The importance of tissue vascularity is well recognized, but the complexity and diversity of 
tissue perfusion mechanisms require that the process be divided into components. Each level of perfusion has unique physiologic characteristics, and optimal management is possible only if these differences are recognized. Johnson and 
Barker[165] described two levels of risk zones for flap failure, making a distinction between thrombosis at the arterial and capillary levels. By extension of this concept, four zones of the circulatory system can be considered for all hazards 
( Figure 5-1 ). Proper function of each zone is crucial to tissue viability.

Zone I consists of the cardiopulmonary system, the conduits for blood flow (arteries and veins), neural control of those conduits, and the lymphatic system. Zone I has historically been recognized as essential for flap survival. The delay 
phenomenon is primarily a zone I effect. The development of the pedicled flap[14] underscores the importance of zone I in extending flap survival time. Free microvascular tissue transfer also is a zone I manipulation.
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Figure 5-1 Zones of perfusion. Zone I is the macrocirculatory system consisting of cardiopulmonary, neurovascular, and lymphatic function. Zone II is the capillary circulatory systems composed of arterioles, capillaries, venules, and 
arteriovenous shunts. The interstitial system is zone III and entails the capillary membranes and interstitial ground substance. The cell membrane, organelles, and intracellular space comprise zone IV, the cellular system. 

 

Figure 5-2 Varying pathways to skin define musculocutaneous (MC) and septocutaneous (SC) arteries. 

 
 
Jv/A = Lp[Pc − Pi ) − $PI$gs ($PI$gpc − $PI$gpi )] 
 
In descriptive terms, flow of plasma out of the capillary per unit area (Jv/A) is related to the product of the water permeability of the membrane (Lp) multiplied by the difference between hydrostatic pressure in the capillary (Pc ) and 
interstitial space (Pi ) minus the difference between osmotic pressure in the capillary ($PI$gpc ) and the osmotic pressure in the interstitial space ($PI$gpi ). The osmotic pressures are adjusted by the osmotic coefficient, $PI$gs, a measure of 
the "leakiness" of a semipermeable membrane.

In functional terms, over the length of the capillary, hydrostatic pressure decreases as fluid exits the capillary and hydraulic resistance is overcome. At the same time, oncotic pressure within the capillary increases as fluid exits the capillary 
and plasma proteins are retained. These changes in gradients favor return of fluid at the venular end of the capillary and in the immediately postcapillary venule. Pressure
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gradients also are responsible for bulk flow of fluid across the interstitial space in fluid microchannels.

A net change of 2 mOsm is sufficient to increase interstitial pressure beyond transmural capillary pressure,[202] thereby compressing the capillary. Increased venous pressure limits interstitial resorption of fluid and contributes to formation of an 
interstitial transudate.[308] Inflammation in a flap is probably a result of nociceptor pathway stimulation by handling of the flap. Even the relatively minor trauma of inserting a fine needle causes a "very large" increase in capillary permeability 
within minutes after insertion, as evidenced by rapid influx of proteins into the interstitium.[34] Ischemia also will produce inflammation. Capillary hyperpermeability has been found throughout ischemic flaps.380 The lymphatic system has two 
functions that affect zone III: to remove excess fluid and to remove interstitial protein. There is some controversy in the physiology literature regarding the magnitude of the latter function.[137] If the lymphatic system is malfunctioning, 



interstitial fluid and interstitial protein will accumulate.[210] 

Zone IV: Cellular Systems

The intracellular space is the endpoint for nutrient transport and the origin of metabolic waste. The cell wall is a fluid lipid bilayer, 7.5 to 10.0 nm thick. The lipid bilayer is a major barrier to movement of solutes across the membrane. The 
primary function of the cell membrane is to maintain or to vary in a controlled fashion the separation of the extracellular and intracellular environments. This separation is achieved by specific membrane proteins, which act as solute pumps 
and solute and solvent leaks. The osmotic pressure between the two environments also should be maintained to preserve normal cell volume. The sodium-potassium pump is important in maintaining osmotic equilibrium across the cell 
membrane and has a requirement for energy in the form of adenosine triphosphate (ATP).[206] A loss of energy substrate (oxygen and consequently ATP) produces an intracellular movement of sodium and an increase in intracellular osmotic 
pressure.[222] These changes occur quickly,[95] [96] 209 ,386 within 10 minutes after arterial occlusion.[158] Within seconds of hypoxia, levels of adenosine triphosphate begin to decrease, and cells begin to swell.209 Relatively brief periods of ischemia 
result in a reversible swelling of the cell and organelles. If the ischemic insult is severe and prolonged, cell lysis and flap necrosis occur.

CLASSIFICATION OF FLAPS

Flaps are commonly classified according to their principle blood supply. These include random flaps, arterial cutaneous flaps (i.e., axial flaps), fasciocutaneous, musculocutaneous, and venous ( Figure 5-3 ). Venous flaps to this point have 
had no application in head and neck reconstruction. Flaps may also be described according to site of origin relative to the area to be reconstructed. Thus, flaps utilized in the head and neck include local, regional, and distant. Distant flaps may 
be pedicled or free flaps (microvascular free tissue transfer).

Random Cutaneous Flaps

The vascular supply to a random flap is from the subdermal plexus. The subdermal vascular plexus is supplied by unnamed musculocutaneous artery perforators near the base of the flap. The random cutaneous flap is commonly used in local 
flap reconstruction. The plane of dissection is through the subcutaneous fat. Examples of local random flaps include advancement, rotation, a combination of rotation-advancement, transposition, and tubed flaps. The survival of such flaps is 
determined by the perfusion pressure supplying the flap, and is not necessarily related to simple length to width ratios. While not without usefulness, such ratios are indirectly related to the actual vascular physiology.

Arterial Cutaneous (Axial) Flaps

Arterial cutaneous flaps (also called axial pattern flaps) are supplied by a defined septocutaneous artery that runs beneath the longitudinal axis of the flap. These flaps typically have an improved survival length relative to random cutaneous 
flaps. The plane of dissection must include the septocutaneous vessel within the subcutaneous fat. The axial flap may be designed to include tissue distal to that supplied directly by the artery. In such a case, the more distal portion of the flap 
is essentially a random flap, and caution must be exercised to avoid overextending the design beyond viability.

Use of arterial cutaneous flaps is limited by the availability of direct cutaneous arteries. Examples of arterial cutaneous flaps used in head and neck reconstruction are the deltopectoral flap, based on the anterior perforators of the internal 
mammary, and the paramedian forehead flap, based on the supratrochlear vessels.

Myocutaneous and Fasciocutaneous Flaps

Myocutaneous flaps represent an additional modification to improve flap survival. Myocutaneous flaps are based on distal segmental vessels leaving the local vasculature (perforators and cutaneous vessels) intact, which requires 
incorporation of muscle with the flap. Myocutaneous flaps are typically named for the donor muscle. Examples include the pectoralis myocutaneous flap, based on the pectoral branch of the thoracoacromial artery, and the latissimus dorsi
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Figure 5-3 Classification of skin flaps based on vascular supply. A, Random. B, Arterial cutaneous. C, Fasciocutaneous. D, Musculocutaneous. 



 

Figure 5-4 A and B, Vascular territories in skin flaps. Multiple perforating vessels exist and are interconnected at the periphery of their vascular territory. When some of these vessels are cut, blood supply can be replaced from nearby 
perforating vessels, and then tissue necrosis does not occur. 

 

Figure 5-5 Fallacy of the length-to-width ratio. The slope of decreasing perfusion pressure versus flap length does not change with incorporation of additional vessels (flap a versus flap b) with the same perfusion pressure. Flap necrosis 
occurs when perfusion pressure decreases below critical closing pressure of the capillary bed. 

 



Figure 5-6 The relationship between increased interstitial pressure and decreased surviving flap length. Intravascular perfusion pressure decreases along the length of the flap. At the distal end of the flap, intravascular perfusion pressure will 
become less than interstitial pressure, causing the capillaries to collapse (critical closing pressure). As edema is generated by ischemia and inflammation, interstitial pressure increases, which results in a decrease in surviving length from 
length 1 to length 2. 

 

Figure 5-7 Steps in angiogenesis. A, Initial stimulus with retraction of endothelial cells and thinning of basement membrane. B, Migration of endothelial cells and formation of capillary sprout. C, Formation of capillary loops, which become 
patent to form new blood vessels. 

 

Figure 5-8 Ingrowth of angiosomes. Cross-section of the flap showing A, direct ingrowth vs B, inosculation. 

 

Figure 5-9 Synthesis of prostaglandins and thromboxanes and their general effects in the cutaneous circulation. 



 

Figure 5-10 Xanthine oxidase. Possible mechanism for formation of oxygen-free radicals during reperfusion after ischemia and the subsequent reduction of the superoxide. 

 

Figure 5-11 Perfusion types. Zones of circulatory impairment. The relationship of microcirculatory impairment and anomalous readings of common measurements of flap perfusion is shown. All zones should be functioning for cell viability, 
and zone III is the first to fail. Zone III failure is shown as a loss of interstitial flow; whereas capillary blood flow is potentially still present. Zone II failure occurs with loss of capillary blood flow. Arteriovenous shunt flow may still be 
present, but it is not nutritive. Finally, with zone I failure, the flap is ischemic. See text for a discussion of monitors of perfusion. 

 

Figure 5-12 Experimental attempts to affect flap survival. 

 

TABLE 5-1 -- ZONES OF PERFUSION AFFECTED BY VARIOUS INTERVENTIONS TO INCREASE FLAP SURVIVAL

Intervention Affected Zones

Flap design I



Delay I, II

Vasodilators II

Neovascularization II

Rheology II

Inflammation II, III

Antioxidants II, III, IV

Metabolic manipulation II, IV

Increased oxygenation IV
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the tissue to ischemia[236] ; and (3) delay closes arteriovenous shunts.[306] Most recent studies support a mechanism resulting in increased circulation to the flap. How this occurs remains to be proven.

The percentage of arteriovenous shunt flow to total blood flow is similar in delayed and acute flaps.[278] Delayed flaps simply have an increase in total blood flow. The addition of systemic norepinephrine decreases the blood flow in delayed 
flaps to the level seen in acute flaps. Thus, one effect of delay is a decrease in vasoconstriction in the distal portion of the flap.

Flaps delayed as few as 24 hours survive to a greater length[218] and can tolerate longer periods of ischemia.[11] 374 ,376 Distal perfusion in the pig flank flap increases with a bipedicle flap delay up to 4 days. No further increase in perfusion occurs, 
extending delay up to 14 days. [281] Pang and others[281] theorized that after a delay, a reduced vasoactivity of the small arteries allows delivery of more blood to the distal portion of the flap. This modulation could occur by release of 
vasoconstrictive substances (i.e., norepinephrine, thromboxane, and serotonin) during elevation of the bipedicled flap. Degeneration release of norepinephrine occurs soon after flap elevation with norepinephrine stores largely depleted in the 
first 24–48 hours.[170] [171] In bipedicle flaps, Cutting and others[60] found the catecholamine level beginning to increase 4 days after flap construction; others [170] [171] have found the catecholamine levels to be depressed over a greater period. Necrosis 
is not seen with the first stage of delay because the bipedicled flap has an adequate blood supply. After depletion of the catecholamines, a relative state of sympathectomy develops. Because of the catecholamine depletion, conversion of the 
delayed flap to a single pedicle is not accompanied by the same degree of vasoconstriction.[278] 

Early after elevation, the vasculature to the flap has an increased sensitivity to the effects of adrenergic drugs.[276] Intravenous norepinephrine will decrease blood flow to a myocutaneous flap, even in the presence of increased blood flow to 
control skin.[247] This hypersensitivity to exogenous norepinephrine can be partially blocked by management with phenoxybenzamine, an a-adrenergic blocking agent. The period of hypersensitivity to norepinephrine lasts slightly less than 1 
week [247] and correlates with the period of decreased tissue norepinephrine found after flap elevation.[60] Recovery from the hyperadrenergic state also appears to play a role in the delay phenomenon.

Reorientation of the major vascular channels is another mechanism to increase blood flow to the distal portion of the single pedicle flap.[59] [128] The effect of delay is greater in narrow flaps than in wide flaps.351 The longitudinal channeling is 
greater in narrow flaps because more of the transverse vessels are cut. Dilation of existing vessels is most evident in transitional areas between vascular territories of adjacent perforating arteries.[39] The effects of delay have been produced by 
inducing collateral blood flow by vessel occlusion in the laboratory setting[40] [80] [273] [272] and clinically.356 Longitudinal flow also is enhanced by vasodilating substances released by inflammation and mild ischemia.351 Pang and others [278] believed 
that the depletion of vasoconstricting substances played a role in the early stage of delay, whereas locally released vasodilating substances were involved in the later stages.

Vasodilators

Indirect Vasodilators

The intense vasoconstriction associated with the release of norepinephrine after flap elevation should hinder flap survival. One of the benefits of flap delay seems to be depletion of norepinephrine before creation of the flap to be transferred. 
If this vasoconstriction could be blocked or reversed, the duration and severity of distal flap ischemia should be lessened. The result would be increased flap survival without the need for delay.

a-Adrenergic blocking agents are directed against the catecholamine-induced vasoconstriction seen after flap elevation. Using the rat model, phenoxybenzamine resulted in improved flap survival in some studies.[92] [254] 383 Phenoxybenzamine 
and phentolamine ointments applied topically also were found to be effective in increasing flap survival in the rat model.[121] Other investigators have been unable to reproduce beneficial effects in the rabbit or pig.[181] [254] Depletion of 
norepinephrine stores before flap elevation with reserpine[62] [168] [177] [181] and guanethidine[1] [91] [136] also has met with mixed results and systemic toxicity.

Several anesthetic agents have vasoactive properties and may influence flap survival. Because general anesthetics often are used during the creation of larger flaps, any potential effects on flap survival are important. Isoflurane (a 
sympatholytic vasodilator) was found to significantly improve flap survival compared with nitrous oxide, which induces vasoconstriction.[77] Verapamil and lidocaine have also been found to decrease skin flap necrosis when used locally in 
the vicinity of the pedicle of axial pattern flaps.[115] 

Direct Vasodilators

Multiple topical anti-ischemic agents have been found to have beneficial effect on skin flaps in experimental models.[204] This has not yet translated into widespread clinical use however, as the experimental and clinical results have been 
mixed. Direct vasodilators such as histamine, hydralazine, nitroglycerin, pentoxifylline, and topical dimethylsulfoxide have shown a beneficial result
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and no effect on skin flap survival.[181] Isoxsuprine is a phenylethylamine derivative of epinephrine having a-adrenergic receptor antagonistic and b-adrenergic receptor agonistic properties, resulting in relaxation of vascular smooth muscle. In 
high doses, isoxsuprine can decrease viscosity and inhibit platelet aggregation. Isoxsuprine was found to increase blood flow in the area of the dominant artery in porcine myocutaneous and arterial flaps. Unfortunately, no improvement in 
blood flow was seen in the distal random portion of the flaps or in flap survival.[183] [260] [279] 390 The smaller vessels in the distal random portion of a flap were theorized to have a different sensitivity than muscular or axial arteries to vasodilator 



drugs. Manipulation of these distal vascular channels appears to be critical in increasing flap survival.

Calcitonin gene-related peptide (CGRP) is a bioactive neuropeptide found in primary sensory neurons. It is a potent vasodilator and is thought to stimulate smooth muscle relaxation by an endothelial-dependent mechanism. CGRP 
administration improves blood flow and survival in ischemic skin flaps[252] and delays the onset of the no-reflow phenomenon.[253] Pretreatment with capsaicin, which depletes neuropeptides from primary sensory neurons, results in a decreased 
flap survival.[190] These findings suggest a potential role for primary sensory neurons in cutaneous vascular control and flap survival.

Prostaglandins have multiple effects on healing wounds and the vasculature to the skin, including vasodilation and decreased platelet aggregation. Prostaglandins E1 and E2 have been found to decrease skin necrosis in random skin flaps.363 
Prostaglandin E1 also effects leukocyte-endothelial cell adhesion, a factor in ischemia reperfusion injury. Administration of prostaglandin E1 may increase flap survival by decreasing the expression of anti-intercellular adhesion molecule-1, 
thus limiting the leukocyte-endothelial cell adhesion.[110] The mechanism of delivery for these substances has been via topical application with absorption through the skin, or injections subcutaneously or intravenously. Attempts to improve 
delivery have shown promise in the laboratory. The vasoactive drug buflomedil has been delivered bound to liposomes with a measured therapeutic effect on ischemic skin flaps.[204] Topical application of nitroglycerin was found to increase 
flap survival in some studies[56] [301] [312] 361 but not in all.[7] [22] Nitroglycerin acts as a vasodilator with more potent venodilator than arteriodilator effects. The action on the veins was believed to contribute to the increased flap survival. The ability to 
decrease platelet aggregation may be the main therapeutic benefit of nitroglycerin and other direct vasodilators that affect platelet function. Nitroglycerin and nifedipine have been found effective in improving random pattern skin flaps in 
laboratory animals exposed to cigarette smoke.[70] 

Neovascularization

The identification of a host of biologically active growth factors and the continued development of improved methods of delivery of these agents into target sites have generated enthusiasm for the application of these technologies to aid in 
flap outcomes. The stimulation of angiogenesis through gene transfer techniques offers hope to the treatment of ischemic tissues of various types, including flaps. Vascular endothelial growth factor (VEGF) is a potent angiogenic molecule, 
as is basic fibroblast growth factor (FGF-2). VEGF has shown promise to improve flap survival and has been demonstrated in the laboratory to improve flap survival in random flaps,341 axial flaps,[155] and flaps treated preoperatively.367 Nitric 
oxide synthase may increase VEGF levels and improve ischemic flap survival.367 Application of fibroblast growth factors results in increased endothelial cell proliferation and vascular tube formation. The application of fibroblast growth 
factor has improved the survival of prefabricated myocutaneous flaps in animal studies.[71] Application of growth factor can generate functional blood vessels and nonsurgically anastomose divided vessels within 2 or 3 weeks.[36] The increased 
neovascularization also allows earlier ligation of the original vascular pedicle with complete tissue survival.[154] [277] Growth factors have a short half-life and are more effective when delivered in a sustained release manner using a gelatin 
sponge.[153] 347 The delay phenomenon does not work by an angiogenic mechanism, and attempts to increase survival of the random portion of a pedicled flap with fibroblast growth factors have had mixed results.[82] [143] [161] 364 Growth factors may 
have their greatest clinical potential when a flap is transferred into an area of vascular compromise (e.g., irradiated soft tissue, diabetes, and steroid dependency).[154] 

Rheology

In a homogeneous fluid that exhibits equal shear stress at different rates of shear, flow (Q) in a vessel can be approximated by Poiseuille's equation: 
 
Q = $PI$gDP · r4 · $PI$gp1 · 8 · n 
 
where $PI$gDP equals pressure gradient; r4 equals the fourth power of the vessel radius; 1 equals vessel length; and n equals viscosity.[131] Although blood is a non-Newtonian fluid, the qualitative relationships in the equation remain. In larger 
vessels, the radius is a dominant factor, but in the capillary microcirculation, viscosity becomes more important. By decreasing
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the viscosity of blood, it may be possible to increase flow to the distal random portion of the acutely raised flap and beneficially affect flap survival. Viscosity is influenced by the hematocrit, serum proteins, temperature, erythrocyte 
deformability, aggregation, and other factors.[315] Each of these factors can be potentially manipulated with a resultant change in viscosity.

Hemodilution has been shown to decrease viscosity and have a beneficial effect on flap survival.[84] [259] [302] Reducing blood viscosity by protein depletion also results in increased flap survival in rats.[316] 

Pentoxifylline and low viscosity whole blood substitutes (Fluosol-DA) will also lower viscosity. Pentoxifylline is a hemorheologic agent that results in increased erythrocyte deformability[276] and decreased platelet aggregability.[315] When given 
7 to 10 days before flap elevation, pentoxifylline improves flap survival.[315] 391 Beneficial effects with limited preoperative dosing of pentoxifylline have not been uniform.[45] [138] [151] [244] [262] Fluosol-DA administration also has failed to consistently 
increase flap survival. [302] 342 

Inflammation

The surgical trauma associated with an acutely raised or delayed flap results in an inflammatory response. This response results in a local increase in blood flow that could benefit flap survival. Improved flap blood flow and survival can 
occur with different methods of creating an inflammatory response before flap creation.[207] [216] The beneficial effects of inflammation on flap survival also can be seen on a flap raised adjacent to a previously delayed flap.[166] Attempts to 
increase flap blood flow and survival with 5 days of low power laser burns have had mixed results.[173] 342 These studies show that the inflammatory response has the potential to improve survival without sympathectomy or vascular division.

The mechanism by which inflammation produces a beneficial effect appears to involve the products of cyclooxygenase metabolism of arachidonic acid. Administration of PGI2 results in dilation of the arterial pedicle and increased flap blood 
flow.[194] The result is increased flap survival.[87] [309] [320] Systemic administration of PGE1 increases flap survival at low doses but can hinder flap survival at higher doses, causing hypotension.350 Topical administration of PGE1 also improves flap 
survival[323] but should be applied to the critical ischemic area to be effective.[324] Additional prostaglandin effects, such as increased erythrocyte deformity[208] and decreased platelet aggregation,[325] have been proposed as the mechanism of 
increased survival with prostaglandin administration.

Cyclooxygenase inhibitors, such as indomethacin and ibuprofen, have been shown to increase skin flap viability[311] [320] and prolong tolerance of ischemia.[81] Glucocorticoids, which inhibit phospholipase activity, also have increased flap 
survival in some studies[200] [239] [240] but not in others.[258] Blocking TxA2 synthesis has had mixed results.[176] [275] 

Tissue Expansion



Tissue expansion has been shown to increase the size of the transferred flap in experimental animals and humans. Examination of expanded skin in the guinea pig has shown an increase in the thickness[15] and mitotic activity[102] of the 
epidermal layer, indicating epidermal proliferation. Blood flow in expanded tissue is greater than in skin overlying a noninflated expander 1 hour after creation of a pedicled flap.[225] The increase in blood flow to expanded skin seems to be 
short-lived.[118] [310] Apart from the acute changes seen with expander manipulation, flap viability and blood flow in expanded skin appear to be similar to those seen in delayed flaps.[322] 

Other Method

A number of drugs with multiple effects that should alter the blood flow to the flap have been tried with varying results. Ancrod, a defibrinogenating enzyme from the pit viper, has a selective affinity for fibrinogen and stimulates release of 
plasminogen activator with a resultant decrease in viscosity. The drug also causes increased endothelial generation of prostacyclin. When given postoperatively for 7 days, ancrod was unable to increase the viable surface area of porcine 
myocutaneous flaps.[246] 

Chlorpromazine's effects include a-adrenergic blockade, stabilization of cell membranes, serotonin antagonism, metabolic depression, and cooling. All of these effects should be beneficial to the ischemic flap, but the results from 
experimental studies have been mixed.[13] [29] [152] 

Parenteral pentoxifylline has decreased the ischemic areas of random pattern skin flaps in rats.[70] 

An interesting manipulation to increase survival of thin axial pattern skin flaps was proposed by Morrison and others.[250] In their study, the femoral artery and vein were implanted into the subdermal layer of skin in the rabbit model. After 8 to 
12 weeks, sufficient neovascularization occurred to allow creation of a large skin flap based on the transferred pedicle. If confirmed in other laboratories, this technique may allow greater flexibility in the design of axial pattern flaps.

PROLONGED VIABILITY

Protection Against Harmful Agents

The formation of free radicals with reperfusion and the return of molecular oxygen to ischemic tissue
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place an increased burden on flap survival. Research has focused on decreasing the production of free radicals and using agents that remove free radicals (free radical scavengers) from the immediate environment.

Nitric oxide is a radical with vasodilating properties that protects tissues from neutrophil-mediated ischemia-reperfusion injury.[129] L-arginine, a nitric oxide precursor, is converted into nitric oxide by the enzyme nitric oxide synthase. L-
arginine has been found to have a protective effect on myocutaneous island flaps,[129] as well as random pattern skin flaps.[129] Nitric oxide inhibition decreases skin flap survival.369 

Ischemia-reperfusion injury occurs in zones II and III, where a cascade of events may lead to flap failure upon the re-establishment of blood flow after prolonged ischemia. Platelets play a role in this cascade of events. Inhibition of platelet 
activation by a platelet glycoprotein IIb/IIIa inhibitor has shown promise in the enhancement of skin flap survival after a long period of ischemia.[129] 

Administration of allopurinol (a xanthine oxidase inhibitor) preoperatively prevents the increased xanthine oxidase activity seen with acute flap elevation.385 Improved survival of dorsal rat flaps has been accomplished with allopurinol when 
given at high doses,[7] [299] with lower doses having no effect.[296] The high doses required to obtain a beneficial effect have led to concern about the use of allopurinol to increase flap survival in the clinical setting.

A number of free radical scavengers are available to protect the tissues from destruction by free radicals. Superoxide dismutase (SOD), an intracellular free radical scavenger, catalyzes the conversion of superoxide to hydrogen peroxide (H2 
O2 ) and molecular oxygen. When given systemically, SOD is an effective scavenger of the superoxide radical regardless of its source.[234] SOD treatment has resulted in improved flap survival[106] [246] 397 and increased tolerance of flaps to 
ischemia.[229] [318] Improved flap survival also has been shown with a number of other naturally occurring compounds with free radical scavenging properties. These include deferoxamine[8] , vitamin E, vitamin A, vitamin C, glutathione,[140] 
various amino acids,[283] and amino acid derivatives. [187] 

The hydrogen peroxide formed by the dismutation of superoxide is not particularly harmful. In the presence of chelated metal complexes, hydrogen peroxide can be converted into a hydroxyl radical (OH·).[72] The hydroxyl radical is much 
more reactive and may be responsible for much of the damage inflicted by oxygen free radicals.[141] 344 The presence of a hematoma under a flap may decrease flap survival by increasing the available iron, which acts as a catalyst in the 
formation of free radicals.[10] 

Hyperbaric Oxygen

Improvement in flap survival with hyperbaric oxygen treatment has been documented,[179] [290] [293] but this has not been a consistent finding. [39] Hyperbaric oxygen treatment increases blood oxygen-carrying capacity by 20%.[178] This relative 
increase is greater with a low hematocrit because the additional oxygen is dissolved in the plasma rather than carried by hemoglobin. A greater effect of hyperbaric oxygen treatment may be increasing oxygen diffusion from surrounding 
perfused tissue to the ischemic portion of the flap.[63] Increased flap survival also occurs with treatments using hyperbaric air, showing that increased oxygen can be delivered with an increase in ambient pressure alone.355 

The beneficial effect of hyperbaric oxygen in pedicled flaps includes decreased leukocyte adherence,396 reduction of edema caused by vasoconstriction, [268] and neovascularization in irradiated tissue. [228] Animal studies have confirmed that it 
should be given early,[261] and one study suggested often. [290] Hyperbaric oxygen may increase the length of island flaps with vascular insufficiency.[129] The benefit on pedicled island flaps may be most profound in those flaps with arterial 
insufficiency in particular.368 There is little benefit from hyperbaric oxygen if the treatment is delayed by 24 hours or more after flap elevation.[169] 

In a retrospective study of 65 patients with pedicled flaps that were determined by the surgeon to be in a high-risk group, hyperbaric oxygen was beneficial.[33] Although there is evidence that hyperbaric oxygen is effective for impaired flaps, 
it is not cost effective to treat every flap. Determining which flaps need treatment and which flaps will benefit is key. French investigators found that a hyperbaric oxygen challenge test (test dive) was predictive of successful outcome if the 
transcutaneous oxygen measurement rose 50 mm Hg or more. Still, the authors noted the need for further studies to determine indications for hyperbaric oxygen.[230] 

Metabolic Manipulation



Additional strategies for increasing flap survival include decreasing the metabolic requirements or increasing the metabolic reserves of skin. These approaches are based on the idea that flap necrosis occurs when tissue metabolic demand is 
greater than what the blood supply can deliver. Decreasing temperature is an effective way to reduce metabolic activity and delay necrotic changes, but improvement in flap survival is not seen.[117] [186] 

Administration of adenosine triphosphate-magnesium chloride complex increased survival in the rat abdominal flap.397 The metabolic support provided by this compound was believed to delay the onset of
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irreversible cell damage. Difluoromethylornithine (DFMO) was found to increase survival of abdominal flaps in rats.[292] DFMO appears to decrease metabolic demand by inhibiting the synthesis of polyamines, which are required for protein 
synthesis and cellular proliferation.

Increasing the individual cell's tolerance to ischemia also can be accomplished through stress conditioning. The production of heat-shock proteins can protect cells from a subsequent stress as long as an adequate recovery period (6–8 hours) 
from the initial stress occurs.[291] In an initial study, induction of heat-shock proteins resulted in improved flap survival.[196] 

IMPAIRED FLAPS

In the majority of flaps, carefully designed and accomplished in healthy patients, flap survival is the rule, and methods improving survival or extensive monitoring or treatment of the flap are not warranted. The exceptions to the rule should 
be identified so extra efforts to ensure survival are reasonable and cost effective. Several factors place the patient in a higher risk category.

Smoking tobacco is associated with an increased chance of flap necrosis in facelift operations.[304] Exposure to tobacco smoke resulted in increased flap necrosis of dorsal flaps in rats[267] and hamsters.[57] The deleterious effects of nicotine appear 
to increase with prolonged exposure. The mechanism of tobacco or nicotine producing decreased flap survival is unknown but may involve direct endothelial damage, vasoconstriction caused by catecholamine release, or local concentrations 
of prostaglandins. [99] Long-term, low-dose nicotine (comparable with human smoking exposure) was used in a rat model[101] to document decreased capillary blood flow and survival; these effects could be avoided if the nicotine was withdrawn 
2 weeks before raising the flap.

Radiation has been shown to be deleterious to flap survival in some studies[286] 395 but not in others. [192] [261] 379 The reason for this discrepancy is probably because of differences in the radiation regimen administered (i.e., radiation dosage, 
fractionation, and surgical timing in respect to the radiation). Radiation treatment results in endarteritis obliterans and altered wound healing. Despite previous radiation, the delay phenomenon continues to improve flap survival.[94] Flap 
neovascularization is delayed but not eliminated after radiation. The use of angiogenic growth factors has the potential to increase the viability of irradiated skin flaps by means of accelerating revascularization.

The ischemia time occurring during the transfer of free flaps (called primary ischemia) appears to hinder the flap's ability to tolerate a second ischemic insult. The longer the period of perfusion after the microvascular anastomosis (called 
reperfusion period), the better a flap will tolerate secondary ischemia. [17] Porcine ventral arterial island flaps initially exposed to 2 hours of ischemia followed by 12 hours of blood flow had a 50% survival rate after a subsequent 7.2 hours of 
"secondary ischemia."[182] This is compared with 13 hours for the initial ischemic event needed to produce a 50% survival rate.[77] 

Vascularity of the recipient bed is an important factor in free flaps. Experimentally, a pedicle can be divided at 6 days out[51] Typically in clinical situations, the pedicle is no longer monitored after 1 week, although there are cases of late flap 
failure.377 If the flap is placed into a bed with poor vascularity, dependence on the pedicle may be prolonged. If there is late pedicle failure combined with a poor vascular bed in which neovascularization has not occurred, there could be an 
increased incidence of late complications.

Diabetes may be considered a risk factor because of the small vessel disease, although investigators did not find decreased flap survival in streptozotocin-induced diabetic rats. They did find slower endothelial growth at the anastomosis, but 
concluded diabetes is not a contraindication to the use of a free flap.[53] Ketamine and pentobarbital were found to decrease blood flow in the distal flap.365 In a study on rats, older rats were found to have decreased tolerance to muscle ischemia 
than young rats, and this was assumed to be related to decreased mitochondrial function.[218] Fluid management also can have an impact on flap survival. Fluid overload will increase flap edema, and at the other extreme, intraoperative 
systemic hypotension has been shown to be detrimental.[336] 

Central venous pressure monitoring was not found to be helpful. [164] Other miscellaneous injuries documented in an isolated, perfused porcine flap include phototoxicity[245] and exposure to organic solvents.[188] 

FLAP SALVAGE

Once a flap is identified as being at risk for necrosis, action can be taken to improve survival. Zone I manipulations are the most effective. In pedicled flaps, efforts to enhance zone I perfusion are limited to preoperative planning, flap 
execution and design, and surgical delay. If effectively executed, pedicled flap loss is a result of failure of zone II and III, which will develop slowly and involve the distal or random portion of the flap. Clinical efforts to improve zone II or 
III failure are limited to methods such as hyperbaric oxygen or leeching. Of the hundreds of pharmacologic agents that have been tested, none have gained widespread clinical use.
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In contrast, the global ischemia of free flap failure often relates to a zone I failure—thrombosis or compression of the pedicle. This failure often is acute and relatively easy to detect and repair. If the zone I failure is not quickly resolved, the 
injury will progress to zones II and III.

Free flaps need intensive postoperative monitoring. There are several different methods of monitoring free flaps, but none are foolproof, and frequent observation by experienced personnel is still the gold standard. Pedicle failure can be 
determined early, and the flap can be salvaged by exploring the anastomosis and clearing the thrombus in many cases.

Because of the accessibility of the vessels and a short period of nonperfusion (primary ischemia), the question was raised whether washing out flap vessels could potentially improve survival in the event of secondary ischemia,[313] analogous to 
organ transplantation. University of Wisconsin solution has been used to effectively decrease perivascular swelling in the microvasculature of organ systems. [256] The solution has been used as a washout solution to improve survival in free 
flaps by Babajanian and others.[16] [17] 



An intriguing application of perfusion washout technology is extracorporeal circulation,[224] which investigators theorize could be used if there were no suitable donor site vessels. Extracorporeal circulation was studied in a flow-through 
venous free flap. Only a plasma solution was able to maintain viability over 3 days of extracorporeal infusion, although 3 other test perfusates caused massive edema and total obstruction to perfusion.

Perfusion washout also has been studied for its ability to improve survival after the thrombosis is cleared from the anastomotic site. University of Wisconsin solution caused greater improvement when used during secondary ischemia than 
during primary ischemia, indicating that it may be better for flap salvage than prophylaxis.[15] Urokinase has been used for the antithrombotic effects at the anastomosis and, because of microemboli, at the capillaries (zone II).[147] Intravascular 
heparin was not useful after thrombus formation.[215] Medicinal leeches have been used clinically.[142] The leeches are thought to relieve microcirculatory congestion during active feeding and for several hours afterwards because of the 
antithrombotic effect of the leeches' salivary fluid. There is a risk of aeromonas infection. The "chemical leech"377 and mechanical leeches have been described.343 Relief of vascular congestion and edema also may be possible with 
microdialysis techniques, which have been used to reduce skin flap edema in a rat model.[271] 

Hyperbaric oxygen has been used for free flap salvage. In a study of a rat epigastric free flap after 8 hours of global ischemia, hyperbaric oxygen increased survival and increased distal blood flow by laser Doppler.396 In a similar model, 
hyperbaric oxygen inhibited the xanthine oxidase system and improved free flap survival after 18 hours of nonperfused storage.353 Hyperbaric oxygen therapy will not be effective treatment unless the thrombosis has been cleared, but it may 
prolong viability and increase neovascularization.

SUMMARY

The blood flow required for nutritional support of the skin is dramatically less than what is available to carry out its thermoregulatory function, which allows skin to survive a compromise of its blood supply during creation of local flaps. The 
surviving length of a particular flap depends on the relationship between the proximal perfusion pressure (zone I) and the critical closing pressure of the arterioles, capillaries, and venules in the subdermal and subpapillary plexi (zone II). The 
interstitial space (zone III) is a critical link in this process. Cell viability (zone IV) is the ultimate determinate of flap survival. Appropriate flap design is the most critical factor in maintaining an adequate relationship between the zones of the 
circulatory system and avoiding tissue necrosis.

During the first 48 hours after raising a flap, the transferred tissue must survive a number of hazards. After the initial ischemia that all flaps undergo, reperfusion injury occurs by the formation of free radicals and other factors that can further 
damage tissue. An inflammatory response begins the process of wound healing, but also may impair perfusion in zones II and III. Beyond the first few days, neovascularization and wound healing lessen the surviving flap's dependence on the 
pedicle.

The several types of skin flaps may be classified on the basis of their blood supply. These include random flaps, arterial cutaneous flaps (i.e., axial flaps), fasciocutaneous flaps, and musculocutaneous flaps. In addition, one may classify them 
on the basis of the origin of the soft tissue relative to the defect. Thus there are local, regional, and distant flaps. Distant flaps may be pedicled or transferred via microvascular free tissue transfer. Regardless of the type of flap or site of origin, 
each flap involving skin is governed by certain biomechanical properties. Stress and strain are controlled by the collagen and elastin components of the skin. These biomechanical properties change with time, both with the aging process and 
over the shorter term. Creep and stress relaxation influence wound healing and are particularly important in tissue expansion. Attempts to improve flap survival have involved improving flap design, altering the early physiologic

166

impairment of blood flow, and increasing tissue resistance to ischemia. The most effective efforts to improve survival have been focused on zone I—surgical delay to decrease distal ischemia in pedicled flaps and revision of a microvascular 
anastomosis to avoid global ischemia in free flaps. Treatment of zones II to IV includes pharmacologic manipulations designed to improve blood flow or increase tissue tolerance of ischemia. These treatments have not achieved sufficient 
and reproducible results required for incorporation into common clinical usage.

WOUND HEALING

The creation of a surgical flap results in a cutaneous wound that requires repair. A series of overlapping and closely coordinated events is initiated with disruption of the skin surface. The events associated with wound repair are relatively 
consistent regardless of the causative agent. Multiple cell types participate in wound repair ( Table 5-2 ).

Disruption of the protective layer of skin results in exposure of the subepithelial layers and vascular endothelium along with extravasation of blood products. A blood clot is formed that provides a wound matrix for cell migration, as well as 
initiates the inflammatory response. This is the beginning of tissue repair. After establishment of an inflammatory phase, a phase of tissue proliferation occurs that includes the formation of granulation tissue, reepithelialization, and wound 
contraction. Finally, a prolonged phase of tissue remodeling completes the healing process. All three phases of wound healing overlap in time and appear to be tightly coordinated. Much of the recent work in wound repair has involved the 
regulation and communication between the involved cell types that result in a well-healed wound.

 
TABLE 5-2 -- CELL TYPES SHOWN TO BE INVOLVED WITH WOUND REPAIR

Tissue Cell Types

Vascular Platelets, macrophages, neutrophils, endothelial cells, smooth muscle

Epidermis Keratinocytes, malanocytes, Langerhans cells

Adnexal structures Outer root sheah cells, hair dermal papilla cells

Dermis Fibroblasts, myofibroblasts

Nervous system Neurons

Subcutaneous fatty layer Adipocytes
 
INFLAMMATORY PHASE



The initial injury to the skin results in disruption of blood vessels and extravasation of blood constituents. The vascular response to injury begins with a brief period of vasoconstriction that aids in hemostasis.345 Platelets respond by 
aggregating at the injury site; they along with fibrinogen, fibrin, and fibronectin, form a blood clot that reestablishes hemostasis. The clot covers the wound and provides an initial matrix for cell attachment and migration. [46] [78] The clot 
contains a variety of cytokines and growth factors. Platelets release platelet-derived growth factor (PDGF), transforming growth factor-β (TGF-β) and epidermal growth factor (EGF).[227] PDGF plays roles in chemotaxis for macrophages and 
fibroblasts, macrophage activation, fibroblast proliferation, matrix production, and angiogenesis.[145] [314] TGF-β is involved in keratinocyte migration, chemotaxis for macrophages and fibroblasts, and fibroblast matrix synthesis and remodeling.
[32] [269] EGF plays a role in keratinocyte migration and replication.[114] 372 

Tissue injury is associated with the onset of acute inflammation and the arrival of polymorphonuclear granulocytes (neutrophils). One day after tissue injury, neutrophils constitute nearly 50% of all cells at the wound site.[88] Neutrophils help 
to remove foreign material and bacteria from the wound. They are subsequently extruded with the eschar or cleared by macrophages.[338] Neutrophils[189] also release inter-leukin (IL)-1α and IL-1β and tissue necrosis factor-α (TNF-α). Both are 
early activators of growth factor expression in macrophages, keratinocytes, and fibroblasts. [156] 

Neutrophils are highly abundant in the circulation, and quite a number are collected passively along with platelets at the wound site in the blood clot. Neutrophils also appear to be specifically attracted by a subset of cytokines referred to as 
chemokines. Along with growth factors, platelets release the chemokine-connective tissue-activating peptide-III (CTAP-III), which is converted into neutrophil-activating peptide-2 (NAP-2) by proteases released from neutrophils already 
attached to the thrombus.[35] NAP-2 stimulates migration and extravasation of neutrophils via the chemokine receptor 2 (CXCR2). In addition, vascular endothelial cells and pericytes secrete growth-related oncogene-α (GRO-α),[119] which 
supports movement of neutrophils to the wound. An additional method of attracting neutrophils involves the strong and selective expression of IL-8 under the wound surface that stimulates the CXCR2 and CXCR1 (not targeted by GRO-α) 
receptors. IL-8 is expressed by neutrophils and macrophages immediately below the denuded wound surface. The expression of IL-8 is induced by pro-inflammatory cytokines such as IL-1, TNF-α
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(expressed initially by neutrophils and later by macrophages), bacterial products (lipopolysaccharides), and hypoxia.[156] 

Monocytes infiltrate the wound early after injury and become activated macrophages. On the third day following an injury, with wound closure and the decline of neutrophils, monocytes represent the most frequent blood-cell population.[88] 
Monocytes/macrophages are attracted to the wound by the chemokine monocyte chemoattractant protein-1 (MCP-1). MCP-1 is produced by resident and infiltrating mononuclear cells, keratinocytes at the wound edge, and endothelial cells. 
Macrophages[189] play a central role in the inflammatory phase of wound healing. In addition to their immunological functions as antigen-presenting cells and phagocytes, macrophages are an important source of growth factors. Macrophages 
release TGF-α. TGF-β, insulin-like growth factor I (IGF-I), heparin-binding epidermal growth factor (HB-EGF), fibroblast growth factor (FGF), PDGF, and vascular endothelial growth factor (VEGF).392 TGF-α, like EGF, has a stimulatory 
effect on keratinocyte migration and replication. [303] IGF-I—also produced by keratinocytes, fibroblasts, and platelets—promotes reepithelialization and granulation tissue formation.[31] HB-EGF, basic FGF (bFGF), PDGF, and VEGF promote 
angiogenesis.392 As its name implies, FGF also enhances fibroblast growth.

Lymphocytes are attracted to the wound site and after 14 days are the dominating leukocyte subset. Lymphocytes interact with Langerhans cells in the epidermis and nerve endings in the dermis to play an antimicrobial role. Leukocytes also 
produce growth factors (e.g., HB-EGF and bFGF).[116] Lymphocytes are attracted to wound sites initially by MCP-1. After day 4, lymphocytes are attracted to wound sites by interferon-γ-inducible protein-10 (IP-10) and monokine induced by 
interferon-γ (Mig). The presence of IP-10 and Mig after day 4 reflects a shift in the cytokine profile form TNF-α/IL-1 to interferon-γ. [116] 

Nitric oxide (NO) is a short-lived free radical that exerts its effects at many levels. Nitric oxide synthase (NOS) is frequently produced in response to acute inflammatory stimuli such as wounding. NO may have a capacity for selective 
regulation of gene expression.[85] This would be important during the inflammatory phase of wound healing, when NO production is greatest. Production of NO is catalyzed by nitric oxide synthases (NOSs), a group of three isoenzymes: 
neuronal (nNOS), endothelial (eNOS), and inducible (iNOS).[3] [243] NOS catalyses the oxidation of the amino acid L-arginine to release citrulline and NO.[24] NO appears to participate in the regulation of skin homeostatic functions such as 
circulation, UVB-mediated melanogenesis, sunburn erythema, and the maintenance of the protective barrier against microorganisms.[37] During the inflammatory phase, iNOS is elevated, with infiltrating macrophages being a major source of 
iNOS expression.[104] [305] 

PROLIFERATION PHASE

The successful development of an inflammatory phase results in the recruitment of keratinocytes, fibroblasts, and endothelial cells. The arrival of these cells marks the transition from a process of clearing and stabilizing the wound to one of 
proliferation and repair. The proliferation phase consists of re-epithelialization, formation of granulation tissue, and wound contraction. Similar to the three major phases of wound healing, these three aspects of the proliferation phase overlap 
in time and are closely interrelated.

Re-epithelialization

Re-epithelialization attempts to restore the protective barrier of the skin; it begins within hours of injury. It is the result of keratinocyte migration and proliferation.

Keratinocyte Migration

Changes leading to keratinocyte migration begin early after wounding. Growth factors that enhance keratinocyte migration are EGF, TGF-α, FGF7 (keratinocyte growth factor), TGF-β1, HGF, IGF-I, and insulin.392 IL-8 is also capable of 
stimulating keratinocyte migration and proliferation.[134] IL-8 is highly expressed along the denuded wound surface. Keratinocytes express the receptor for IL8 and GRO-α. These findings suggest that the interaction of the keratinocyte with its 
ligand plays a role in re-epithelialization.

Under the influence of these growth factors and cytokines, epithelial cells at the wound margin undergo changes that set the stage for cell movement. These changes include filament reorganization, reduction of the number of intercellular 
attachments, and the expression of members of the integrin superfamily of cell surface receptors.[120] 

Integrin receptors are transmembrane, heterodimeric glycoproteins consisting of one α chain and one β chain. Keratinocytes, at the leading edge of the wound, express integrins that allow them to interact with fibronectin (αvβ6, α5β1), 
vitronectin (αvβ5), and collagen (α2β1)398 present at the wound margin and interwoven with the fibrin clot.[47] The keratinocytes are guided into the wound migrating between the fibrin clot and the collagenous dermis by the interaction of the 
integrin receptors and the extracellular matrix proteins. Keratinocytes produce plasminogen activators,[38] which activate plasmin and collagenase-1
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(matrix metalloproteinase-1; MMP-1).[297] Plasmin and MMP-1 are necessary to dissolve fibrin and collagen type I, respectively, for migration to occur. In partial thickness wounds, keratinocyte migration also occurs from skin appendages, 
including the hair follicle.392 

The relationship between the enzyme production of matrix metalloproteinases (MMPs), extracellular matrix proteins, integrins, and keratinocyte migration was recently summarized by Parks.[284] Plasmin and collagenase-1 break down matrix 
barriers that impede cell migration. Keratinocytes migrate along a path of least resistance driven and oriented by collagenase-1.[297] Collagenase-1, acting on its principal substrate in the dermis (i.e., type I collagen), provides migrating 
keratinocytes with a mechanism to maintain their course and directionality in the wound environment during re-epithelialization. In wounds, basal keratinocytes dislodge from the basement membrane and contact dermal collagen type I. The 
integrin α2β1 becomes concentrated at the forward-basal tip of the migrating keratinocyte. α2β1 binds dermal collagen with high affinity and this interaction induces collagenase-1 expression. Collagenase-1 cleaves type I collagen and 
converts it to a gelatin, allowing the cell to migrate. The high affinity of α2β1 with dermal collagen, but not with gelatin, favors establishment of attachment to native, uncleaved, and exposed dermal collagen in the open wound surface. 
When continually repeated, this process provides the migrating cells with a mechanism to control their direction and to remain superficial to the dermis but deep to the fibrin clot during re-epithelialization.

Keratinocyte Proliferation

Migrating keratinocytes are found on the advancing epithelial margin. Proliferating keratinocytes are found within the epithelial margin and the nearby hypertrophic epithelium behind the actively migrating cells.398 Keratinocyte proliferation 
begins 1 to 2 days after injury. The growth factors known to enhance keratinocyte replication are EGF, TGF-α, FGF7, IGF-I, IL-1, IL-6, HGF, nerve growth factor,392 and IL-8.[134] Neuropeptides are also thought to have growth stimulatory 
effects on keratinocytes through the activation of cyclic adenosine-5-monophosphate. Examples include calcitonin gene-related peptide, vasoactive intestinal polypeptide, peptide histidine-methionine, and growth hormone releasing factor.354 
Leptin, produced in the subcutaneous layer, is reported to have growth stimulatory effects on keratinocytes as well.[105] 

Keratinocytes can express all three forms of NOS.[103] NO serves as a mediator that regulates gene expression and proliferation in keratinocytes. Proliferating keratinocytes at the wound margin and, to a lesser extent, fibroblasts express iNOS.
[104] Wound closure in iNOS-deficient mice393 and inhibition of iNOS in normal mice346 is delayed. These findings suggest an important role for iNOS in the regulation of epithelial movements and the re-epithelialization process.

With the re-establishment of an epithelial layer, basement membrane proteins re-emerge, progressing inward from the wound margin.[48] Keratinocyte behavior returns to normal with adhesion of basal keratinocytes to the basal lamina and 
restoration of intercellular attachments.[338] 

Formation of Granulation Tissue

At approximately 3 to 4 days following injury, a new stromal framework, known as granulation tissue, begins to enter the wound and replace the fibrin clot. Granulation tissue consists of a dermal matrix that provides a framework for cell 
migration that is enhanced by new vessels that migrate into the wound (i.e., angiogenesis).

Dermal Matrix

The cell that is most important in the production of the dermal matrix is the fibroblast.392 Fibroblasts enter the wound by 2 to 3 days, and within the first week become the dominant cell population in the wound. As fibroblasts invade, the 
fibrin clot is lysed and fibronectin and hyaluronic acid are deposited, forming early granulation tissue. These molecules serve as scaffolding on which the fibroblasts can migrate and adhere.

To facilitate migration into a wound filled with cross-linked fibrin or later with a tightly woven extracellular matrix (ECM), migratory fibroblasts secrete a range of proteolytic enzymes[338] (i.e., collagenase-1, gelatinase-A, and stromelysin-1 
or MMP-1, -2, and -3, respectively). This process initially occurs in the periphery of the clot and later more centrally as the granulation tissue grows into the wound space. At any given time, the ECM of the wound margin differs from the 
ECM located centrally.

The fibroblast is critical in the production of the dermal matrix producing type I and III collagens, fibronectin, elastin, and proteoglycans. Fibroblasts also contribute to growth factor production, providing connective tissue growth factor 
(CTGF). CTGF stimulates migration and proliferation of fibroblasts. Keratinocyte growth factor stimulates epidermal cell motility and proliferation. VEGF stimulate angiogenesis.[162] MCP-1, involved in neutrophil recruitment early in the 
inflammatory process, also attracts mast cells. The mast cells produce high levels of IL-4, which in turn stimulates proliferation of fibroblasts362 and decreases the expression of MCP-1 and IL-8.[42] This limits the inflammatory reaction.
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NO in granulomas seems to exert an organizing influence, allowing the host to assemble macrophages, directing vascular ingrowth, and compartmentalizing the inflammatory nidus.[199] [335] Peak NOS activity is noted 24 hours after wounding 
declines but remains subsequently elevated for at least 14 days.[213] The macrophage is the primary cell type implicated in inducible NOS activity and NO production during inflammation. Fibroblasts may also participate during the time 
coincidental with active collagen synthesis.[327] 388 Fibroblasts are able to produce NO linked either to eNOS or, after stimulation with interferon-gamma or bacterial lipopolysaccharide (LPS), to iNOS.[103] 

When NO is inhibited experimentally, granulomas tend to become larger and have a higher bacterial load.[199] NO deficient states (diabetes and protein-calorie malnutrition) are associated with decreased wound extracellular matrix deposition 
and impaired wound healing.[329] [330] Excessive delivery of NO can also inhibit wound healing.[25] NO also affects wound collagen accumulation and the acquisition of wound mechanical strength. Inhibition of wound NO synthesis is 
accompanied by a lowered wound breaking strength and decreased collagen deposition.[326] [327] [328] NO likely mediates an antiproliferative effect on skin fibroblasts in addition to its effects on collagen synthesis.389 

Angiogenesis

The process of angiogenesis is closely related to the formation of granulation tissue. The newly formed granulation tissue requires a vascular supply to provide for its metabolic needs. The process of angiogenesis begins at the time of injury. 
Cell disruption and hypoxia, hallmarks of tissue injury, are strong inducers of angiogenesis factors. Acidic fibroblast growth factor (aFGF or FGF-1) and basic fibroblast growth factor (bFGF or FGF-2) are released from disrupted cells and 
have potent angiogenic activity.360 Hypoxia stimulates macrophages and keratinocytes to produce the angiogenic growth factor VEGF.[83] bFGF may set the stage for angiogenesis during the first 3 days of wound repair, while VEGF may be 
critical for angiogenesis during granulation tissue formation from day 4 through 7.[265] eNOS appears to contribute to granulation tissue formation by triggering endothelial migration, proliferation, and differentiation, thus participating in 
capillary ingrowth into the wound site during repair.[212] NO stimulates VEGF production and vascular endothelial growth factor-mediated endothelial cell migration and helps to redistribute microvascular blood flow.[266] 400 This encourages 



vasodilation and angiogenesis. Other growth factors known to enhance angiogenesis include PDGF, HB-EGF, IGF-I, and hepatocyte growth factor (HGF).392 

Mast cells are frequently found near capillary sprouting sites, suggesting an association between mast cells and angiogenesis. Mast cells may act at sites of new vessel formation by secreting tryptase, which also functions as an angiogenesis 
factor.[30] Heparin, leptin, and fibronectin also enhance angiogenesis.392 

The process of angiogenesis was recently reviewed by Tonnesen and others.360 Following stimulation by growth factors and other angiogenic agents, vessels adjacent to the wound transiently (3–5 days after injury) deposit fibronectin within 
their vascular walls. Endothelial cells release plasminogen activator and procollagenase, resulting in the digestion of the basement membrane by plasmin and collagenase. On the fourth day after injury, with disruption of the confining 
basement membrane, the endothelial cells are able to enter the ECM as capillary sprouts. [233] The fibrin and fibronectin surrounding the tips of capillary sprouts are released from the plasma rather than being derived from wound fibroblasts.

The fibrin- and fibronectin-rich provisional ECM induces capillary sprouts to express αvβ3 integrin with the most pronounced expression at the capillary tips. Appearing to have a functional role in wound angiogenesis,[50] αvβ3 allows the 
capillary sprouts to migrate through the basement membrane (infiltrated with fibronectin) and into the fibrin- and fibronectin-rich wound clot.

The endothelial sprouts extend, branch, and create networks, pushed by cell proliferation (stimulated by FGF and VEGF) from the rear and pulled by chemotaxis from the front. These events require an interaction between endothelial cells, 
angiogenesis factors, and surrounding ECM proteins. At first, the developing blood vessels are surrounded by a provisional matrix containing fibronectin and proteoglycans, but eventually a mature basement membrane is formed. Blood flow 
begins with the formation of capillary arcades. VEGF, FGF, and mast cell tryptase induce new sprouts to extend from these loops, further extending into the dermal matrix.360 With maturation of wound granulation tissue and accumulation of 
collagen, most of the new vessels degenerate and the density of blood vessels declines.360 The coverage of endothelial cells by periendothelial cells (smooth muscle cells) is necessary for vascular maturation.[42] This appears to be regulated by 
PDGF and VEGF.[27] The mature vessels no longer express αvβ3.360 

Wound Contraction

During the second week of healing, fibroblasts acquire smooth muscle cell features by presenting cytoplasmic microfilament bundles.[108] These fibroblasts are called myofibroblasts. Myofibroblasts contain α-smooth muscle (αSM) actin and 
provide the contractile forces
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produced in wound granulation tissue.[109] [333] During wound healing, αSM actin is transiently expressed by fibroblasts (myofibroblasts). The staining intensity of αSM actin increases from the 6th to the 15th day of injury. It decreases thereafter 
and disappears at the 30th day in a mouse model. [69] TGF-β1 is thought to induce αSM actin expression in fibroblasts.[74] 

Fibronectin plays a role in wound contraction by binding to fibrin in the provisional and forming a scaffold for fibroblast and keratinocyte migration and tissue support.[332] Fibronectin binds to cell surface integrin receptors to form fibrils 
allowing interaction between the cell and ECM. The fibroblasts, having already migrated into the wound, begin to interact with each other and the matrix, resulting in wound contraction.

REMODELING PHASE

By the third week after an uncomplicated injury, wound closure has been completed and local infections overcome. Collagen synthesis and degradation is in balance and the remodeling phase begins. Myofibroblasts and vascular cells 
undergo apoptosis (programmed cell death) and are removed.[75] Granulation tissue is transformed into a scar. Lymphocytes constitute the most frequent leukocyte subset in human skin wounds during this phase,[88] but it is unknown whether 
lymphocytes are associated intimately with tissue remodeling. Tissue collagenases (MMPs) degrade and digest the excess collagen fibers. Other enzymes (hyaluronidase, bacterial collagenase, and lysosomal proteases) also function to 
remodel granulation tissue. A more ordered pattern of collagen arrangement is achieved under the influence of local mechanical forces.

The wound gradually increases in strength, ultimately attaining 80% of the tensile strength of normal skin.[223] Type III collagen, synthesized early in the repair process, is replaced by type I collagen until the normal skin ratio of 4:1 (type I to 
III collagen) is realized.345 
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Chapter 6 - FREE TISSUE TRANSFER

Douglas A. Girod 
Terance T. Tsue 

INTRODUCTION

The expansion of knowledge, expertise, and training in the techniques of free tissue transfer since the early 1970s has redefined the standard of care in head and neck reconstructive surgery. The term free tissue transfer refers to the isolation 
of tissues (fascia, skin, fat, muscle, nerve, and bone—individually or in combination) on a supporting vascular supply with transfer to a new location in the body, using microvascular surgical techniques to revascularize the tissues in a 
permanent fashion. This auto-transplantation of tissues relies entirely on the anastomosis of the feeding artery and draining vein to blood vessels in the head and neck for tissue survival. Upon revascularization, the transferred tissues can then 
be utilized to reconstruct various complex defects of the head and neck from any etiology.

Since the first reports of free tissue transfer for reconstruction in the head and neck in early 1970s, the technique has gained widespread acceptance and growing availability. Advances in the understanding of surgical anatomy, operative 
microscopes, instrumentation, microsuture manufacture technology, formalized training opportunities, and unparalleled success rates have been largely responsible for this rapid growth. The additional required training (e.g., microvascular 
reconstructive surgery fellowships) and resources have resulted in the majority of these complex procedures being completed in larger, academic medical centers. A multidisciplinary team approach, especially for patients with neoplastic 



disease, is commonly employed to maximize both the oncological and reconstructive efforts. Post operative management is often labor intensive and requires additional team members to achieve maximal rehabilitative potential.

While significant additional training and resources are required to perform free tissue transfer for head and neck reconstruction, the diversity of available tissues for harvest allows for the replacement of "like tissue with like tissue" in most 
instances with a focus on functional and cosmetic issues. Currently, more than 40 identified sites in the human body are candidates for the harvest of tissue for transfer, with new sites being added regularly.[172] It becomes the reconstructive 
surgeon's mandate to determine the optimal flap for free tissue transfer for each individual patient and his or her anticipated defect.

The advantages of free tissue transfer in the reconstruction of these complex defects include immediate reconstruction at the time of tumor resection (avoiding multiple, staged procedures); the transfer of well-vascularized tissue into a bed 
that often has salivary contamination and underlying tissue damage from earlier radiotherapy; significantly improved wound healing; immediate separation of critical compartments, including the aerodigestive tract and intracranial contents; 
improved ability to manage massive defects that might otherwise preclude surgical resection of tumors; and improved prospects for functional and cosmetic rehabilitation.

Specific circumstances exist in which reconstruction using free tissue transfer has become the standard of care in most communities. These include oromandibular composite defects (particularly defects involving the anterior mandibular arch)
[57] [199] ; subtotal or total pharyngoesophageal defects;[8] [52] and defects resulting from resection of recurrent carcinoma, failing organ preservation non-surgical therapy (combined chemotherapy and radiation therapy).[186] These situations have 
traditionally been the most challenging in head and neck reconstructive surgery and have been associated with high complication-failure rates. The introduction of free tissue transfer for reconstruction of these defects has dramatically 
improved the overall course for these difficult patients.

In this chapter we review the indications, patient selection, and preparation for free tissue transfer, as
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well as the dominant "free flaps" in use today for head and neck reconstruction. Perioperative issues, management of complications, and future directions are also discussed.

HISTORICAL PERSPECTIVES

The first clinical application of free tissue transfer was a case report by Seidenberg and others[155] as a transfer of a free jejunal segment for cervical esophageal reconstruction in 1959. This was followed by Hiebert and Cummings in 1961 who 
transferred and revascularized a portion of the gastric antrum for pharyngoesophageal reconstruction.[89] Other reports of the clinical application of free tissue transfer techniques began to appear in the literature in the early 1960s. The first 
reports of oral cavity reconstruction appearing in 1973 by Kaplan, Buncke, and Murray who utilized a free groin flap and Harii, Ohmori, and Ohmori who reported the microvascular distant transfer of a deltopectoral flap in 1974.[72] [100] Panje, 
Bardach, and Krause at the University of Iowa are credited with being the first otolaryngologists to report the use of free tissue transfer for the reconstruction of the oral cavity in 1976.[135] Subsequent years saw rapid implementation of free 
tissue transfer in head and neck reconstruction by both plastic surgeons and otolaryngologists. Pioneers such as Panje, Urken, Hayden, and Sullivan worked to establish head and neck microvascular reconstructive surgery as an important part 
of Otolaryngology—Head and Neck Surgery as a specialty.

With the recognition of the endless possibilities afforded by free tissue transfer came the progressive study and identification of vascular supply patterns and territories that could be potential donor sites. Vascular injection studies identified 
axial vessels and the presence of perforating vessels passing through muscles to supply the overlying subcutaneous tissues and skin. Subsequent identification of axial vessels supplying fasciocutaneous tissues without muscular perforators 
followed.

Taylor, Miller, and Ham reported the first vascularized bone graft using a fibula for reconstruction of long bone injuries,[184] with Hidalgo adapting the osteocutaneous fibula flap for mandibular reconstruction in 1989.[86] Dye-injection studies 
proved a reliable vascular supply to the ilium from the deep circumflex iliac artery for vascularized bone transfer.[151] [185] Cadaver dissections identified the vascular branch of the circumflex scapular artery to scapula allowing vascularized 
scapula transfer.[188] Throughout the 1980s there was a progressive development and refinement of these and other vascularized bone flaps for oromandibular reconstruction, which significantly expanded the availability of this technique.

INDICATIONS FOR FREE TISSUE TRANSFER

Free tissue transfer is just one of many options available to the reconstructive surgeon. Well-established methods of primary closure, skin grafting, local flaps, and pedicled fasciocutaneous or musculocutaneous flaps all remain viable and 
necessary tools in the surgeon's armamentarium. Each patient must be evaluated individually and a multitude of factors considered when determining the ideal reconstructive method for a given situation. In the end, the advantages must out-
weight the disadvantages with an emphasis on maximizing the functional and cosmetic outcome for the patient.

The indications for free tissue transfer continue to evolve with experience and as additional donor site options have emerged. The etiologies of defects that may require free tissue transfer are outlined in Table 6-1 . The advantages (and 
disadvantages) of free tissue transfer over less sophisticated techniques have likewise become more apparent with increased experience and are outlined in Table 6-2 . The tremendous versatility offered by multiple potential donor sites can 
test the surgeons' imagination for new reconstructive methods. The result has been a progressive evolution of new ways to tackle old problems. Certainly the driving force behind the expansion of free tissue transfer has been the potential for 
dramatically improved functional outcomes and a remarkable success rate in the head and neck of more than 90%.[20] [77] [204] In some circumstances such as the oral cavity, free tissue transfer offers a significant improvement from a functional 
and cosmetic standpoint compared with previously available techniques, particularly for composite defects. In other circumstances, free tissue transfer offers excellent reconstructive options where none was previously available, such as large 
skull base and scalp defects. Clinical situations commonly requiring free tissue transfer for reconstruction in the head and neck are outlined in Table 6-3 .

As with any new surgical procedure or technique, a significant learning curve exists.[22] As a result, these procedures have been primarily available in major academic medical centers, and multiple fellowship training programs have been 
developed to safely convey the necessary knowledge and experience through  

TABLE 6-1 -- ETIOLOGY OF HEAD AND NECK DEFECTS

Neoplasia

Trauma

Congenital defects



Infection-osteoradionecrosis

Secondary reconstructions
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TABLE 6-2 -- FREE TISSUE TRANSFER IN HEAD AND NECK RECONSTRUCTION

Advantages

••Versatility in tissue (skin, muscle, bone, nerves)

••Versatility in orientation (no limitations on flap "reach" as with pedicled flaps)

••Restore shape, function, and sensation

••Single operation for complex reconstructions

••Multiple potential donor sites available

••Simultaneous resection and Flap harvest possible

••Donor sites out of field of prior treatment

••Extensive amounts of tissue available for large-massive defects

••Radiation tolerance postoperatively

••Independent blood supply for compromised tissue beds

••Improved function and cosmesis

••Dental rehabilitation possible

••High success rates (>90%) including for bony reconstruction

••Only available option for some patients

Disadvantages

••Increased technical difficulty (additional training required)

••Two operative teams (surgeons and nurses)

••Expensive instrumentation

••Longer operative times

••Post operative management more intensive

••Donor site morbidity
 
 

TABLE 6-3 -- DEFECTS-SITUATIONS COMMONLY REQUIRING FREE TISSUE TRANSFER

Composite defects of the oral cavity

Three-layer defects of the oral cavity (through and through)

Total or near total pharyngoesophageal defects

Extensive skull base defects

Extensive scalp defects

Massive defects not readily addressed with other techniques

Lack of other reconstructive options (failures or patient limitations)

Salvage surgery for chemoradiation failures
 
advanced training. From a medical center perspective, a high level of investment in personnel and equipment is necessary. Anesthesia support is critical and will be discussed later in this chapter. Additional training and experience for 
dedicated microsurgical operating room nurses is advised as well. The postoperative management of patients undergoing free tissue transfer is certainly more complex and the demands on personnel are more intensive than on those who care 
for most head and neck surgical patients. These topics will also be discussed later. The overall cost of free tissue transfer as been examined and compared with more conventional (pedicled flap) techniques. The increased operative costs for 
free tissue transfer resulting from longer operating room times and instrumentation are offset by the significantly shorter lengths of hospitalization. The resulting overall cost for free tissue transfer is either comparable [196] or less[108] than the 
cost for pedicled flap reconstruction.



Contraindications certainly exist for free tissue transfer as well. The absolute contraindication is a patient's inability to tolerate a lengthy surgical procedure without a high risk of significant complication or death. Relative contraindications 
will be discussed later in this chapter when we discuss patient selection but these contraindications include patient comorbidities such as bleeding diathesis and hyper coagulopathy, metastatic carcinoma with limited patient survival potential, 
lack of adequate recipient vessels in the neck, and patient choice. Given the resources required for free tissue transfer, it has been suggested that this technique should be avoided in the patient who has a poor prognosis. However, studies have 
shown that patients in whom advanced reconstructions were avoided spend more time in the hospital during the year after surgery than those patients who underwent free tissue transfer.[22] [196] Thus, from a quality of life perspective, free tissue 
transfer may offer more "quality time" compared with more conventional reconstructive techniques.

Donor Site Options

Although more than 40 described donor sites for free tissue transfer have been described,[172] only a handful have been found to be consistently useful in the routine reconstruction of head and neck defects. The dominant free tissue transfer 
flaps in use today are outlined in Table 6-4 . In fact, the authors have found that the radial forearm fasciocutaneous, radial forearm osteocutaneous, and fibula osteocutaneous free flaps are utilized in more than 80% of cases of head and neck 
reconstruction. Disa and others have found the forearm, fibula, rectus, and jejunum flaps to account for 92% of their free flaps used for head and neck reconstruction.[53] This distribution will certainly vary based on the makeup of surgeons' 
practice and their preferences and experiences. Nonetheless, it is important for the reconstructive surgeon to be familiar with a full array of flaps to manage the more difficult or unusual situations.
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TABLE 6-4 -- FREE TISSUE TRANSFER FLAPS COMMONLY USED IN HEAD AND NECK RECONSTRUCTION

Fasciocutaneous flaps

Flap Artery Vein Nerve Reconstruction Uses

Radial forearm Radial Vena comitantes or cephalic Medial and lateral antebrachial cutaneous Oral cavity, tongue, palate, nose, face, scalp, lip, pharynx, 
larynx, pharyngoesophageal

Ulnar forearm Ulnar Vena comitantes or cephalic Medial and lateral antebrachial cutaneous Oral cavity, tongue, palate, nose, face, scalp, lip, pharynx, 
larynx, cervical esophagus

Lateral arm Posterior radial collateral Posterior radial collateral Posterior cutaneous nerve of the forearm Oral cavity, tongue, palate, pharynx

Lateral thigh Deep femoral Vena comitantes Lateral femoral cutaneous nerve Oral cavity, tongue, palate, pharynx

Scapular-parascapular Subscapular Subscapular None Oral cavity, tongue, palate, pharynx, face, lip

Muscle or myocutaneous flaps

Flap Artery Vein Nerve Reconstruction Uses

Rectus abdominus Deep inferior epigastric Deep inferior epigastric Intercostals (mixed motor and sensory) Skull base, total glossectomy

Latissimus Subscapular Subscapular Thoracodorsal Skull base, scalp

Osteocutaneous flaps

Flap Artery Vein Nerve Reconstruction Uses

Fibula Peroneal Peroneal Lateral sural cutaneous Mandible reconstruction

Radius Radial Vena comitantes or cephalic Medial or lateral antebrachial cutaneous Mandible and mid-face reconstruction

Scapula Subscapular Subscapular None Mandible and mid-face reconstruction

Iliac crest Deep circumflex iliac Deep circumflex iliac None Mandible and mid-face reconstruction

Other flaps

Flap Artery Vein Nerve Reconstruction Uses

Jejunum Superior mesenteric branch Superior mesenteric branch None Pharyngoesophageal reconstruction

Omentum Gastroepiploic Gastroepiploic None Scalp coverage

Temporal-parietal Superficial temporal Superficial temporal None Bone and cartilage coverage
 
While several flap options are available for most defects, the surgeon must chose one on the basis of critical characteristics such as those listed in Table 6-5 . Additionally, a thorough donor site evaluation and assessment of long-term donor 
site morbidity must be considered. A complete discussion of each of these flaps is beyond the scope of this chapter; however, some general comments are warranted.

Soft Tissue Flaps

For many cutaneous, mucosal, and soft tissue defects in the head and neck the radial forearm fasciocutaneous free flap has proven the most versatile and reliable. * Forearm skin is available in large quantities, is

*References [39] [83] [128] [169] [170] [193] [194] . 
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TABLE 6-5 -- IMPORTANT CONSIDERATIONS INFLUENCING FLAP SELECTION

Skin and soft tissue volume, bulk, and color

Pedicle length and vessel caliber

Innervation capacity (sensory-motor)

Bone quality and quantity availability

Donor site location to allow concurrent resection and harvest

Donor site morbidity (dysfunction, cosmetic deformity)
 
thin and pliable, and has excellent sensory capability that is ideal for oral cavity reconstruction ( Figure 6-1 ) The vascular pedicle: (1) is long, (2) has a favorable vessel caliber, (3) can easily be concurrently harvested, and (4) exhibits 
acceptable functional morbidity at the donor site. However, as many as 12% of 

 
Figure 6-1 Radial forearm fasciocutaneous free flap for oral cavity reconstruction. A, Carcinoma involving the anterior floor of the mouth and ventral oral tongue. B, Extensive soft tissue defect after resection of the carcinoma. C, 
Reconstruction of the defect with a sensate radial forearm free flap. 
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Muscle and Myocutaneous Flaps

Muscle and myocutaneous flaps have found a niche in the reconstruction of very large defects that require significant bulk. The most common of these defects are found at the skull base where large portions of the facial skeleton, paranasal 
sinuses, facial skin, and palate may be missing. The rectus abdominus flap may be harvested as a muscle or myocutaneous flap with the patient in a supine position with a long vascularized pedicle of large caliber vessels providing adequate 
reach to the defect site in most instances.[122] [183] [187] [195] [202] The skin of the rectus myocutaneous flap is useful for lining the nasal and oral cavities of the defect while the muscle provides the needed bulk to replace the missing facial skeleton. 
Donor site morbidity is minimal, although abdominal hernias may occur as a result of a weakening of the abdominal wall.

The latissimus flap may be harvested as a muscle or myocutaneous flap based off the subscapular vascular system.[32] [43] Originally described as a pedicled flap, the latissimus flap has been found to be much more versatile as a single-stage, 
free-tissue transfer. The large amount of muscle available for harvest is very useful for very large soft tissue defects including the skull base and scalp. The subscapular system has additional versatility with the option for vascularized bone 
(scapula bone or rib). The vascular pedicle has large vessel caliber and a length of 6 to 10 cm, and the donor site is repaired primarily without the need for a skin graft. The major disadvantage of the latissimus flap is patient positioning for 
harvest. Like the scapula flaps, the patient must be placed in the lateral decubitus position, which makes simultaneous harvest with the head and neck procedure difficult or impossible. The donor site morbidity from the loss of latissimus 
function is well tolerated for most people. The latissimus flap has been most useful in skull base defects and larger scalp defects requiring cranial coverage ( Figure 6-2a and Figure 6-2b ). [98] [195] [221] 

Vascularized Bone Flaps



One of the primary indications for free tissue transfer is for the reconstruction of oromandibular defects. In this setting, no other reconstructive option offers a single stage procedure with a greater than 90% success rate. Developments and 
refinements in microvascular reconstructive surgery are ongoing in this critical area. The choices for vascularized bone flaps also dictate the need for careful evaluation and selection. Most bone reconstructions also require some degree of 
soft tissue and or mucosal reconstruction. 

 
Figure 6-2a Latissimus dorsi muscle free flap to the scalp. A, Recurrent basal cell carcinoma after multiple surgeries and radiation therapy with involvement of underlying bone. B, Resection of the scalp, bone, and dura with cranioplasty 
using radiated rib grafts and bone cement. 

 

Figure 6-2b C, Latissimus dorsi muscle free flap with meshed split-thickness skin graft coverage. D, Long-term result of scalp reconstruction. 

 

Figure 6-3a Fibula osteocutaneous free flap reconstruction of the anterior mandibular arch. A, Carcinoma of the anterior alveolar ridge. B, Resection of the anterior mandibular arch. 



 

Figure 6-3b C, Fibula bone with osteotomies secured to a reconstruction plate replacing the missing mandible. D, Soft tissue repair of the oral cavity defect. E, One year post operative appearance of the anterior oral cavity. F, Frontal view 
one year later. 

 

Figure 6-4a Radial forearm osteocutaneous free flap for oral cavity and lateral mandible reconstruction. A, Preoperative frontal view. B, Lateral mandibular bone defect including a larger soft tissue defect of the lateral tongue, floor of the 
mouth, pharynx, and palate. C, Harvested osteocutaneous forearm flap with skin, radius bone, vascular pedicle, and cutaneous nerves (2). 



 

Figure 6-4b D, Closure of defect repairing mandible and soft tissue defect. E, Postoperative frontal view after radiation therapy. F, Intraoral view of the oral cavity and pharyngeal reconstruction. 

 

Figure 6-5 Prophylactic fixation of the radius bone after bone graft harvest. A, Diagram showing the harvest of the bone graft and placement of a plate spanning the defect. B, Post-operative radiograph of the forearm demonstrating plate 
fixation. C, One year follow-up radiograph showing significant bone formation and remodeling in the area of the defect. 
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the subscapular vessels and therefore can be harvested on the same vascular pedicle requiring only one arterial and venous anastomoses. The mega flap offers significant mobilization of the various tissue components relative to each other as 
a result of the branching vascular supply, providing great reconstructive versatility for the largest of defects.

The major disadvantages of the scapula flap include the bulky and insensate nature of the skin paddles and the necessity to reposition the patient several times during the operation, which adds significant time to the procedure. Long-term 
shoulder dysfunction can result from the harvest of the scapula osteocutaneous flap with winging of the scapula, decreased range of motion, and chronic pain. These problems can usually be minimized with careful technique and aggressive 
physical therapy.

Iliac Crest Flap

The iliac crest has long been a source of free bone grafts for mandibular reconstruction. A vascularized iliac crest flap harvested off the deep circumflex iliac artery (DCIA) to provide 14 to 16 cm of bone, which has a natural curvature for 
mandibular reconstruction. Studies have found the iliac crest provides the highest quality bone for the support of osseointegration for dental implantation of the available osteocutaneous flaps.[59] [126] The cutaneous portion of the flap is both 
bulky and limited in mobility restricting its usefulness for large composite defects. Urken and others described the addition of the internal oblique muscle based on the ascending branch of the DCIA for mandibular reconstruction that 
significantly increase the versatility of the flap and provided excellent results.[201] [203] [205] [206] 

 
Figure 6-6a Scapula osteocutaneous free flap repair of a large three-layer defect of the anterior face and oral cavity. A, Larger persistent carcinoma of the lip after radiation and chemotherapy. B, Planned scapula flap from the left upper back 
with two skin paddles. C, Harvested scapula osteocutaneous free flap showing both skin paddles and scapula bone. D, Inset of the scapula flap for oral cavity and mandibular reconstruction. 

 



Figure 6-6b E, Post operative view of the defect repair. F, Six-month follow-up appearance. 

 

Figure 6-7a Dental rehabilitation after mandibular reconstruction. A, Frontal view after lateral mandibular reconstruction with fibula free flap. B, Intra oral appearance of intra oral reconstruction before secondary dental implant placement. 
C, Dental prosthesis for fixation with osseointegrated dental implants. 



 

Figure 6-7b D, Patient smile with prosthesis secured in place. E, Intra oral reconstruction with a radial forearm osteocutaneous free flap. F, Patient seen in E with tissue-borne upper and lower dentures. 

 

Figure 6-8a Jejunum free flap reconstruction of a complete pharyngoesophageal defect. A, Recurrent pharyngeal carcinoma after surgery and radiation therapy. B, Laryngopharyngectomy specimen with neck dissection. C, Surgical defect 
after resection. D, Harvest of a jejunal free flap based on a mesenteric vascular arcade. 



 

Figure 6-8b E, Repair of the pharyngeal and esophageal defect with the jejunal free flap. F, One-year postoperative appearance. 

 

Figure 6-9a Radial forearm free flap "tubed" for reconstruction of a complete pharyngoesophageal defect. A, Defect after total laryngopharyngectomy for recurrent carcinoma. B, Forearm skin rolled onto itself creating a "tube" for 
pharyngoesophageal reconstruction. 

 

Figure 6-9b C, Inset of the "tubed" forearm skin for pharyngoesophageal reconstruction. D, Closure of the neck skin including a small monitoring paddle of forearm skin to allow post operative monitoring of flap vascularity. 



 
†References [20] [22] [77] [87] [198] [199] [204] . 
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attention focused on reestablishing blood flow, but the inciting factor must also be corrected to prevent recurrence (e.g., evacuation of hematoma, pedicle geometry improvement, etc.). In the case of isolated venous outflow thrombosis, the 
venous anastomosis should be investigated and thrombectomy and thrombolysis performed. With arterial pedicle thrombosis, both anastomosis need to be taken down and revised after thrombectomy. The arterial anastomoses are then 
revised and thrombolysis is performed before the revision of the venous anastomosis. The timing of the release of the recipient artery vascular clamp and reestablishment of blood flow remains controversial.[192] Copious heparinized lidocaine 
irrigation is used throughout to help extract gross thrombus from the pedicle. Clot should be atraumatically "milked" or pulled from all arteries and veins. Fogarty catheters may also be useful. The vessels should be trimmed back to a fresh 
clean edge. Alternatively, new recipient vessels or vein grafts should be concurrently prepared if needed to avoid future thrombosis.

Thrombolysis is facilitated with injections of streptokinase (75,000–125,000 units/injection) or urokinase (100,000 u) using a fresh 30-gauge needle while the recipient artery is atraumatically clamped.[158] This is performed near the arterial 
anastomosis in case some intimal damage is caused by the penetrating needle requiring the anastomosis to be revised again. Micro catheterization of a side branch is also possible for instillation. The arterial clamp is then removed and the 
effluent from the donor vein collected on a sponge and discarded. This prevents systemic circulation of the agent and generalized bleeding complications. This procedure is repeated until normal venous outflow is reestablished out the donor 
vein. Directional massage of the flap paddle can assist this process. Once flow has been reestablished and directly observed for a period of time exiting from the donor vein, the venous anastomosis is revised. The efficacy of thrombolytic 
therapy remains controversial with early detection and treatment being the most important factor in flap salvage. [220] The patient is then anti-coagulated with heparin to varying degrees depending on the surgeon's preference.[91] 

The use of medicinal leeches is indicated for cases of flap venous congestion in which surgical salvage has been attempted, but inadequate in reestablishing full venous outflow.[37] Prolonged leech usage has resulted in some salvage success, 
but requires an intense protocol. Leech use is also indicated as a temporary measure to relieve venous congestion until the patient can be brought to the operating room. This requires immediate access to medicinal leeches from the inpatient 
pharmacy, which may not be available in every institution. Leeches are generally available within 24 hours from a national supplier. Leeches produce both hementin and hirudin which provide local anesthesia and anticoagulation properties 
to the leech bite. The leech also harbors a gram-negative beta-lactamase-producing organism that requires antibiotic prophylaxis to prevent soft tissue infection and necrosis. Significant blood loss can require multiple transfusions, and 
wayward leeches can attach to other body areas or personnel.

Even the best salvage efforts can result in either partial or total free flap loss. A partially necrotic flap may be left to demarcate the necrotic from viable portions of the flap assuming the pedicle or major vessels are not at risk during this 
period. Generally, the tissues furthest from the pedicle are at highest risk. These necrotic areas should be eventually débrided down to healthy bleeding tissue. The resulting defect may be left to granulate or be replaced with other tissue 
depending on its size and location. Total flap necrosis should be resected in a timely fashion because of the risk of salivary contamination, infection, and disseminated intravascular coagulation. For a time the flap can act as a non-
vascularized biological dressing until the patient is medically stabilized and maximized for the necessary revision surgery. The resultant defect is either reconstructed with an alternative less optimal pedicled or free flap depending on the 
specific patient situation.[213] One alternative with varying success after composite resection is to leave the fixated non-vascularized bone in place after loss of an osteocutaneous free flap. This then requires coverage with a healthy vascularized 
flap, separating the bone graft from oral contamination (i.e., pedicled pectoralis major myocutaneous flap).

Costs and Outcomes

In addition to the expertise, microvascular reconstructions require significant healthcare resources, including time, equipment, and personnel.[137] The actual costs of microvascular reconstruction are generally comparable to other techniques, 
with costs being more dependent on comorbidities and disease extent. [61] [108] [121] [196] 

With widespread use, further prospective evidence-based evaluation of current reconstructive techniques is warranted. As new outcome assessment tools become available, function and quality of life after microvascular reconstruction will 
be increasingly investigated. Focus needs to be placed on very specific anatomic areas of reconstruction rather than on a general comparison of all oral cavity, oropharyngeal, and laryngeal areas. Comparisons, mostly retrospective, with 
alternative forms of reconstruction, including prosthetic rehabilitation and pedicled tissue reconstruction, shows mostly improved results after microvascular
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reconstruction. * These investigations should also include long-term outcomes.[88] Further comparison with results after organ preservation protocols or previous reconstruction also requires further study.[18] [167] 

FUTURE DIRECTIONS IN FREE TISSUE TRANSFER

Enhancements to current microvascular techniques are currently being developed. Improvements in the speed of anastomoses, such as mechanical anastomotic devices, have to be matched with the equivalency of patency rates. Currently, 
they have been most useful with venous anastomoses, but the technique is not universally accepted by microvascular surgeons. New, less invasive, but equally successful techniques for use in all anastomoses, including the end-to-side and 
lumen mismatch situations need to be developed. If equally effective, these techniques may increase the overall number of centers in which microvascular reconstruction is available. Similarly, new pharmacologic agents are being 



investigated to assist with decreasing anastomotic thrombosis rates.[12] [40] 

Minimally invasive harvest techniques have been developed for some free flap donor sites, including the jejunum, gracilis, omentum, rectus abdominis, temporoparietal, and latissimus dorsi.[42] [94] [114] [156] [209] Although less scarring and potentially 
less donor-site morbidity results, the increased harvest times currently required can be detrimental. Multiinstitutional experience needs to be studied as these techniques become increasingly attempted before determining comparability with 
current harvest techniques.[54] Endoscopic harvest of saphenous vein grafts has gained some acceptance in cardiac surgery and may also be an option for the microvascular surgeon.[97] 

Allograft transplantation of whole head and neck organs has gained some media attention recently. The clinical experience is very early and the necessary induced immunodeficiency certainly has serious implications for the head and neck 
cancer patient. Also, return of adequate native organ function still needs to be demonstrated experimentally before clinical applicability in non-oncologic reconstructions. [173] 

New applications and enhancements of current techniques, as well as new donor sites, need to be developed. Discovering new indications for current free flaps should always be encouraged, including indications such as laryngoplasty and 
tracheal reconstruction.[16] The use of prefabricated reconstructions and hybrid alloplast, or bioengineered tissue reconstructions, is slowly gaining momentum.[7] [29] [71] [82] [175] [210] Prefabricating or pre laminating an intended free flap into a more 
ideal reconstruction can possibly improve the overall aesthetic and functional result, but may be limited by the preparation time required, especially in oncologic patients.[3] [140] [141] [146] A combination of free flap reconstructions with current and 
future alloplastic materials may provide even more expanded indications.[56] [85] [166] Improved aesthetic and functional outcome may be possible as new combinations are developed. These techniques should also help minimize subsequent "fine-
tuning" operations that are frequently necessary to maximize overall cosmetic and functional outcomes.
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Chapter 7 - LASER SURGERY: BASIC PRINCIPLES AND SAFETY CONSIDERATIONS

Robert H. Ossoff 
C. Gaelyn Garrett 
Lou Reinisch 

INTRODUCTION

Laser light is the brightest monochromatic (single color) light that exists today. In addition to being a standard tool in the research laboratory, the laser is currently used in communications, surveying, manufacturing, diagnostic medicine, and 
surgery. Super-market bar code scanners, lecture pointers, and compact disk players bring laser technology into everyday life. The addition of lasers and the development of new lasers to the surgical armamentarium in otolaryngology offer 
new and exciting possibilities to improve conventional techniques and to expand the scope of otolaryngology.

This chapter reviews the principles, applications, and safety considerations associated with the use of lasers in the upper aerodigestive tract. The material presented provides a foundation for the otolaryngologist to safely and effectively apply 
this exciting technology in daily practice.

HISTORY OF LASERS

Laser is an acronym for light amplification by the stimulated emission of radiation. Einstein[10] postulated the theoretical foundation of laser action, stimulated emission of radiation, in 1917. In his classic journal article, "Zur Quantem Theorie 
der Strahlung" (i.e., "The Quantum Theory of Radiation"), he discussed the interaction of atoms, ions, and molecules with electromagnetic radiation. He specifically addressed absorption and spontaneous emission of energy and proposed a 
third process of interaction: stimulated emission. Einstein postulated that the spontaneous emission of electromagnetic radiation from an atomic transition has an enhanced rate in the presence of similar electromagnetic radiation. This 
"negative absorption" is the basis of laser energy. Many attempts were made in the following years to produce stimulated emission of electromagnetic energy, but it was not until 1954 that this was successfully accomplished. In that year, 



Gordon and others[18] reported their experiences with stimulated emission of radiation in the microwave range of the electromagnetic spectrum. This represented the first maser (microwave amplification by the stimulated emission of 
radiation) and paved the way for the development of the first laser. In 1958, Schawlow and Townes[37] published "Infrared and Optical Masers," in which they discussed stimulated emission in the microwave range of the spectrum and 
described the desirability and principles of extending stimulated emission techniques to the infrared and optical ranges of the spectrum. Maiman[25] expanded on these theoretical writings and built the first laser in 1960. With synthetic ruby 
crystals, this laser produced electromagnetic radiation at a wavelength of 0.69 µm in the visible range of the spectrum. Although the laser energy produced by Maiman's ruby laser lasted less than 1 ms, it paved the way for explosive 
development and widespread application of this technology.

Commercial lasers were being sold for laboratory use within 1 year of being invented. Partially reacting to the recently discovered dangers of x-rays, scientists were concerned about the safety of lasers and how laser light might damage 
living tissue.

This concern over the safety of laser light prompted much of the early transition of the laser from the scientific laboratory to the medical clinic. In 1962, Zaret and others[51] published one of the first reports of laser light interacting with tissue. 
They measured the damage caused by lasers on rabbit retina and iris. In 1964, the argon (Ar) and neodymium: yttrium-aluminum-garnet (Nd:YAG) lasers were developed.[17] Excited by the ophthalmologists' progress in using the laser as a 
therapeutic tool, Goldman used his medical laser laboratory to look at the hazards of the laser and to consider the potential uses of the laser in medicine. Two important advances allowed the laser to be useful in otolaryngology: (1) in 1965, 
the carbon dioxide
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(CO2 ) laser was developed, and (2) in 1968, Polanyi[34] developed the articulated arm to deliver the infrared radiation from the CO2 laser to remote targets. He combined his talents with Jako and used the articulated arm and the CO2 laser in 
laryngeal surgery. Simpson and Polanyi[40] described the series of experiments and new instrumentation that made this work possible.

A laser is an electro-optical device that emits organized light (rather than the random-pattern light emitted from a light bulb) in a very narrow intense beam by a process of optical feedback and amplification. Because the explanation for this 
organized light involves stimulated emission, a brief review of quantum physics is necessary.

In the semi-classical picture of the atom, each proton is balanced by an electron that orbits the nucleus of the atom in one of several discrete shells or orbits. Shells correspond to specific energy levels, which are characteristic of each different 
atom or molecule. The smaller shells, where the electron is closer to the nucleus, have a lower energy level than the larger shells, where the electron is farther from the nucleus. Electrons of a particular atom can only orbit the nucleus at these 
shells or levels. Radiation of energy does not occur while the electrons remain in any of these shells.

Electrons can change their orbits, thereby changing the energy state of the atom. During excitation, an electron can make the transition from a low-energy level to a higher energy level. Excitation that comes from the electron interacting with 
light (a photon) is termed absorption. The atom always seeks its lowest energy level (i.e., the ground state). Therefore, the electron will spontaneously drop 

 
Figure 7-1 The interaction of light (a photon) with an atom. Three processes are shown: the absorption of a photon by an atom in a low-energy state, the spontaneous emission of a photon from an atom in an excited state, and the stimulated 
emission of a photon by a second photon of the same wavelength from an excited-state atom. 

 

Figure 7-2 The optical resonating chamber of a carbon dioxide laser. The gas molecules are excited by an electric current. The gas is cooled by a water jacket. The two mirrors provide the optical feedback for the amplification. The emitted 
light is coherent, monochromatic, and collimated. The light can be focused to a small point with an external lens. 

 

Figure 7-3 A, Light emitted from a conventional lamp. The light travels in all directions, is composed of many wavelengths, and is not coherent. B, Light emitted from a laser. The light travels in the same direction, it is a single wavelength, 
and all of the waves are in phase. The light is coherent. 



 
 
A = πr2 or A = πd2 /4 
 
where r is the beam radius and d is the beam diameter (d = 2r). Surface area and irradiance vary with the square of the beam diameter. Doubling the beam diameter (e.g., from d to 2d) increases the surface area by four times and reduces 
irradiance to one-fourth. Halving the beam diameter (e.g., from d to d/2) yields only one-fourth of the area and increases irradiance by a factor of four.

Current CO2 lasers emit radiant energy with a characteristic beam intensity pattern. This beam pattern ultimately determines the depth of tissue injury and vaporization across the focal spot. Therefore, the surgeon should be aware of the 
characteristic beam pattern of the laser. Transverse electromagnetic mode (TEM) refers to the distribution of energy across the focal spot and determines the shape of the laser's spot. The most fundamental mode is TEM00 , which appears 
circular on cross section. The power density of the beam follows a gaussian distribution. The greatest amount of energy is at the center of the beam and diminishes progressively toward the periphery. TEM01 and TEM11 are less fundamental 
modes that have a more complex distribution of energy across their focal spot, causing predictable variations in tissue vaporization depth. Additionally, their beams cannot be focused to as small a spot size as TEM00 lasers at the same 
working distance.[14] 

Although simple ray diagrams normally show parallel light focused to a point, the actual situation is a bit more complicated. A lens focuses a gaussian beam to a beam waist of a finite size. This beam waist is the minimum spot diameter (d) 
and can be expressed as: 
 
d ∼ 2λ/D 
 
where f is the focal length of the lens, λ is the wavelength of light, and D is the diameter of the laser beam incident on the lens ( Figure 7-4 ). The beam waist occurs over a range of distances, termed the depth of focus, which can be 
expressed as: 
 
Depth of focus ∼ πd2 /2λ 
 
 
Figure 7-4 The beam waist of parallel light focused by a lens. The focal length of the lens is f and the incident beam is transverse electromagnetic mode (TEM00 ) and has a diameter incident on the lens of 2D The beam waist has a diameter 
of 2d. 

 

Figure 7-5 A, Laser-tissue interaction when the tissue is the focal distance away from the lens. Note the minimum beam diameter in the focal plane. B, Laser-tissue interaction when the tissue is not in the focal plane of the lens. The laser 
covers a much larger area on the tissue surface. 

 
 



Fluence = Power density × Time 
 
Fluence varies directly with the length of the exposure time, which can be varied by working in the pulsed mode (duration, 0.05–0.5 sec) or in the continuous mode.

TISSUE EFFECTS

When electromagnetic energy (incident radiation) interacts with tissue, the tissue reflects, absorbs, transmits, and scatters portions of the light. The surgical interaction of this radiant energy with tissue is caused only by that portion of light 
that is absorbed (i.e., the incident radiation minus the sum of the reflected and transmitted portions).

The actual tissue effects produced by the radiant energy of a laser vary with the laser's wavelength. Each type of laser exhibits different characteristic biologic effects on tissue and is therefore useful for different applications. However, 
certain similarities exist
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Figure 7-6 Power density versus spot size. The ratios are arbitrary for a current model carbon dioxide laser. The cylinder height represents the amount of tissue vaporized after a 1-sec exposure at the three designated focal lengths. 

 

Figure 7-7 Absorption. 

 

Figure 7-8 Scattering. 

 

Figure 7-9 Reflection. 

 

Figure 7-10 Transmission. 



 

Figure 7-11 The wound created by the carbon dioxide laser, showing the representative zones of injury. 

 

TABLE 7-1 -- LASER CHOICES FOR VARIOUS LESIONS

Laser Second-Choice Laser Anatomic Site Lesion Reason

Argon  Ear Lysis of middle ear adhesions Optical fiber delivery, hemaglobin absorption

Argon pumped dye laser   Photodynamic therapy Can tune the laser to maximum absorption of photosensitizer

CO2  Glottis Nodules Microspot, precision

CO2  Glottis Polyps Microspot, precision

CO2  Glottis Reinke's edema Microspot, precision, microflap technique

CO2  Glottis T1 midcordal squamous cell carcinoma with no anterior 
commissure involvement

Excisional biopsy

CO2 KTP Larynx Laryngoceles, cysts, granulomas Coagulation, hands-off technique

CO2  Larynx Laryngomalacia Aryepiglottic fold division, precision, coagulation

CO2  Larynx Stenoses (glottic, posterior, and subglottic) Micro-trap door techniques

CO2  Lingual tonsils Recurrent tonsillitis, hypertrophy Minimal edema with complete vaporization

CO2  Oral cavity Carcinoma (verrucous, superficial T1) Less pain and edema, covers a large area

CO2  Oral cavity Premalignant (leukoplakia, erythroplakia) Vaporization, excision, can cover a large area

CO2 KTP Glottis Bilateral vocal cord paralysis Laser arytenoidectomy, coagulation

CO2 KTP Larynx Recurrent respiratory papilloma Hands-off technique, less scarring, precision (although KTP may be 
faster)

CO2 KTP Larynx Suprahyoid supraglottic T1 squamous cell carcinoma Excision with frozen section control

CO2 KTP Oral cavity Tongue T1 and limited T2 cancer Less pain and edema, precision, coagulation

CO2 KTP or Argon Ear Stapedotomy Minimal trauma

CO2 KTP or Nd: YAG Oral cavity Lymphangioma Minimal edema, coagulation

CO2 KTP or Nd: YAG Oropharynx T1 and T2 squamous cell carcinoma Precision, coagulation, less edema, contact tip with Nd:YAG

CO2 Nd:YAG Nose Turbinate hypertrophy Coagulation, less scabbing and scarring

CO2 Nd:YAG Subglottis Hemangioma Defocused beam, shrinkage, coagulation

Flash lamp pumped dye 
laser

  Port-wine stains Selective photothermolysis

KTP  Nose Polyps, concha bullosa Debulking for visualization, coagulation



KTP CO2 Larynx Obstructing squamous cell carcinoma Debulking airway, staging, coagulation

KTP CO2 Oropharynx Sleep apnea (uvulopalato-pharyngoplasty) Coagulation

KTP CO2 Palatine tonsils Recurrent tonsillitis, obstructive apnea Coagulation ? less postoperative pain

KTP Nd:YAG Nose Epistaxis Fiber delivery, coagulation, hands-off technique

Nd:YAG KTP Nose Hereditary hemorrhagic telangiectasias Coagulation, hands-off technique

Nd:YAG KTP or CO2 Trachea Obstructing malignant lesions Debulking, coagulation, fiber delivery

CO2 , Carbon dioxide; KTP, Potassium-titanyl-phosphate; Nd:YAG, neodymium:yttrium-aluminum-garnet.
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Argon (Ar) Laser

Ar lasers produce blue-green light in the visible range of the electromagnetic spectrum, with primary wavelengths of 0.488 and 0.514 µm. The radiant energy of an Ar laser may be strongly absorbed, scattered, or reflected depending on the 
specific biologic tissues with which it interacts. Its extinction length (i.e., the thickness of water necessary to absorb 90% of the incident radiation) in pure water is about 80 m. Therefore, the radiant energy from an Ar laser is readily 
transmitted through clear aqueous tissues (e.g., cornea, lens, and vitreous humor) and is absorbed and reflected to varying degrees by tissues white in color (e.g., skin, fat, and bone). Light from an Ar laser is absorbed by hemoglobin and 
pigmented tissues. A localized thermal reaction occurs within the target tissue, causing protein coagulation. The clinician uses this selective absorption of light from an Ar laser to photocoagulate pigmented lesions, such as port-wine stains, 
hemangiomas, and telangiectasis. The heat produced destroys the epidermis and upper dermis. Therefore, the surgeon should minimize the amount of laser energy delivered to the vascular cutaneous lesion to decrease the tendency of scarring 
in the overlying skin.

When the beam of the Ar laser is focused on a small focal spot, its power density increases sufficiently to vaporize the target tissue. This characteristic allows otologists to perform stapedotomy in patients with otosclerosis.[45] Bone, being a 
white tissue, reflects most of the incident radiation from an Ar laser. Therefore, to perform an Ar laser stapedotomy, it is necessary to place a drop of blood on the stapes to initiate absorption.

Argon Tunable Dye Laser

The Ar tunable dye laser works on the principle of the Ar laser. The Ar tunable dye laser makes a high-intensity beam that is focused on dye continuously circulating in a second laser optically coupled with the Ar laser. The Ar laser beam 
energizes the dye, causing it to emit laser energy at a longer wavelength than the pump beam. By varying the type of dye and using a tuning system, different wavelengths can be obtained. The laser energy from this dye laser can be 
transmitted through flexible fiberoptics and delivered through endoscopic systems or inserted directly into tumors. The major clinical use of this laser is with selective photodynamic therapy (PDT) for malignant tumors after the intravenous 
injection of the photosensitizer, hematoporphyrin derivative.[7] 

After intravenous injection, the hematoporphyrin derivative disseminates to all of the cells of the body, rapidly moving out of normal tissue but remaining longer in neoplastic tissue. After a few days, a differential in concentration exists 
between the tumor cells and the normal cells. When the tumor is exposed to red light (630 nm), the dye absorbs the light, causing a photochemical reaction. Toxic oxygen radicals such as singlet oxygen are produced within the exposed cells, 
causing selective tissue destruction and cell death. Because healthy tissues contain less photosensitizer, a much less severe reaction or no reaction occurs. Long-term tumor control has been achieved using PDT for recurrent nasopharyngeal 
cancer.[23] The overall potential and the place of maximum value of this form of management remain to be established.

Neodymium: YTTRIUM-Aluminum-Garnet (Nd:YAG) Laser

Nd:YAG lasers produce light with a wavelength of 1.064 µm in the near infrared (invisible) range of the electromagnetic spectrum. Pure water weakly absorbs the radiant energy of the Nd:YAG laser. The extinction length is about 40 mm. 
Therefore, its radiant energy
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can be transmitted through clear liquids, facilitating its use in the eye or other water-filled cavities (e.g., the urinary bladder). Absorption of light from this laser is slightly color dependent, with increased absorption in darkly pigmented 
tissues and charred debris. In biologic tissue, strong scattering, both forward and backward, determines the effective extinction length, which is usually 2–4 mm. Backward scattering can account for up to 40% of the total amount of 
scattering. The zone of damage produced by the incident beam of a Nd:YAG laser produces a homogeneous zone of thermal coagulation and necrosis that may extend up to 4 mm deep and lateral from the surface, making precise control 
impossible.

The primary applications for the Nd:YAG laser in otolaryngology include ablation or palliation of obstructing tracheobronchial lesions, palliation of obstructing esophageal lesions, photocoagulation of vascular lesions of the head and neck, 
and photocoagulation of lymphatic malformations. The contact Nd:YAG laser is reportedly useful in the removal of malignant tumors in the oral cavity and oropharynx, where it is difficult to maintain a generous safety margin.[28] The Nd:
YAG laser has several distinct advantages in the management of obstructing lesions of the tracheobronchial tree. Hemorrhage is the most frequent and dangerous complication associated with laser bronchoscopy, and its control is extremely 
important. Control of hemorrhage is more secure with this laser because of its deep penetration in tissue.

Nd:YAG laser application through an open, rigid bronchoscope allows for multiple distal suction capabilities simultaneous with laser application and rapid removal of tumor fragments and debris to prevent hypoxemia. Patients for Nd:YAG 
laser bronchoscopy should be selected after flexible fiberoptic bronchoscopic examination of the tracheobronchial tree and tracheal computed tomography. Patients in whom extrinsic compression of the airway can be shown should be 
excluded. The radiant energy from the Nd:YAG laser can be transmitted through flexible fiberoptic delivery systems, allowing its use with flexible endoscopes. In the management of patients with obstructing neoplasms of the 
tracheobronchial tree, it is considered safer to use a rigid ventilating bronchoscope rather than a flexible fiberoptic bronchoscope. [8] During this approach, the laser fiber is passed down the lumen of the rigid bronchoscope with a rod lens 
telescope and suction catheter. Other advantages of the use of the Nd:YAG laser with a rigid bronchoscope include ventilatory control of the compromised airway, palpation of the tumor-cartilage interface, use of the bronchoscope tip as a 



"cookie cutter," and use of the bronchoscope tip to compress a bleeding tumor bed for temporary hemostasis. The flexible fiberoptic bronchoscope is often used through the open rigid scope to provide pulmonary toilet and more distal laser 
application after the major airway is secure.

This laser is an excellent surgical instrument for tissue coagulation. Vaporization and incision also can be performed with the Nd:YAG laser. When this laser is used for these functions, however, precision is lacking and tissue damage is 
widespread. The major disadvantage of the Nd:YAG laser is its comparatively less predictable depth of tissue penetration. This laser is used primarily to rapidly photocoagulate tumor masses in the upper- and lower-aerodigestive tract at 40- 
to 50-W, using 0.5- to 1-second exposures. Whenever possible, the laser beam is applied parallel to the wall of the tracheobronchial tree. The rigid tip of the bronchoscope is used mechanically to separate the devascularized tumor mass from 
the wall of the tracheobronchial tree.

Otolaryngologists may use the Nd:YAG laser with the CO2 laser when performing bronchoscopic laser surgery. The effective coagulating properties of the Nd:YAG laser should augment the predictable vaporizing properties of the CO2 laser 
when treating patients with obstructive tracheal and proximal endobronchial cancers, especially if an ulcerative or actively bleeding tumor is present.[32] 

Carbon Dioxide (CO2 ) Laser

CO2 lasers produce light with a wavelength of 10.6 µm in the infrared (invisible) range of the electromagnetic spectrum. A second, built-in, coaxial helium-neon laser is necessary because its red light indicates the site where the invisible CO2 
laser beam will impact the target tissue. Thus, this laser acts as an aiming beam for the invisible CO2 laser beam. The radiant energy produced by the CO2 laser is strongly absorbed by pure, homogeneous water and by all biologic tissues high in 
water content. The extinction length of this wavelength is about 0.03 mm in water and in soft tissue. Reflection and scattering are negligible. Because absorption of the radiant energy produced by the CO2 laser is independent of tissue color and 
because the thermal effects produced by this wavelength on adjacent nontarget tissues are minimal, the CO2 laser has become extremely versatile in otolaryngology.

With current technology, light from the CO2 laser cannot be transmitted through existing flexible fiberoptic endoscopes, although research and development of a suitable flexible fiber for transmission of this wavelength is being carried out 
internationally. At present, the radiant energy of this laser is transmitted from the optical resonating chamber to the target tissue via a series of mirrors through an articulating arm to the target tissue. The CO2 laser can be used free-hand for 
macroscopic surgery, attached to the operating
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microscope for microscopic surgery, and adapted to an endoscopic coupler for bronchoscopic surgery. This latter application requires rigid nonfiberoptic bronchoscopes. Pattern generators coupled with a micromanipulator on the operating 
microscope have also been introduced to help with the surgical precision in laryngology.

The CO2 laser is an integral instrument in all aspects of otolaryngology. The types of uses vary from endoscopic resection of malignant laryngeal tumors to the precision of laser stapedotomy, as well as to cosmetic skin treatment. The 
described uses are too numerous to include in this chapter, however, the CO2 laser has found its most effective use in laryngology and bronchoesophagology.

For example, surgery for recurrent respiratory papillomatosis has advanced with the use of the laser. The increased ability to preserve normal laryngeal structures while maintaining the translaryngeal airway more than offsets the initial 
disappointment associated with the laser's inability to cure the disease. In a published survey, the CO2 laser was preferred for the management of recurrent respiratory papillomatosis by 92% of the respondents.[6] In pediatric patients, surgery for 
webs, subglottic stenosis, capillary hemangiomas, and other space-occupying airway lesions has been significantly improved by the precision, preservation of normal tissue, and predictably minimal amount of postoperative edema associated 
with the judicious use of the CO2 laser. In adults, surgery for polyps, nodules, leukoplakia, papillomas, cysts, granulomas, and other benign laryngeal conditions can be performed with the laser. Surgeons should be cautioned, however, to be 
aware of the associated thermal injury that can occur to surrounding normal tissues with use of the laser even at recommended settings. A study by Garrett and Reinisch showed thermal injury beyond the laser ablation crater as much as 285 
µm deep into the lamina propria of canine vocal folds.[16] Fibrosis this deep into the tissue could affect the vibratory characteristics of the lamina propria.

Management of laryngotracheal stenosis is a difficult problem for the otolaryngologist. Retrospective analysis has determined that stenotic lesions appropriate for endoscopic management have two features in common[40] : (1) All lesions 
treated with endoscopic techniques must retain intact external cartilaginous support. (2) Lesions appropriate for endoscopic management are usually less than 1–2 cm in vertical length, yet favorable results have been reported for lesions up to 
3 cm in length when endoscopic incision is combined with prolonged stenting. [39] [50] 

The addition of the CO2 laser to endoscopic treatment of bilateral vocal fold immobility due to nerve injury or joint fixation allows the surgeon to perform laser cordotomy, medial arytenoidectomy, or total arytenoidectomy as needed. The 
precision associated with the CO2 laser facilitates performance of this operation. Pattern generators are now available that create an incision of desired length, shape, and depth of penetration, aiding in the precision and efficiency of the 
operating microscope micromanipulator.

The transoral management of squamous cell carcinoma of the larynx using the CO2 laser is an obvious extension of the application of this surgical instrument. The advantages of precision, increased hemostasis, and decreased intraoperative 
edema allow the surgeon to perform exquisitely accurate and relatively bloodless endoscopic surgery of the larynx.

Bronchoscopic indications for CO2 laser surgery include management of recurrent respiratory papillomatosis or granulation tissue within the tracheobronchial tree, excision of selected subglottic or tracheal strictures, excision of bronchial 
adenomas, and re-establishment of the airway in patients with obstructing tracheal or endobronchial cancers. In the case of obstructing tracheal or endobronchial cancers, palliation or reduction of the patient's symptoms of airway obstruction 
or hemoptysis is the goal.

Potassium-Titanyl-Phosphate (KTP) Laser

The KTP laser emits light at 532 nm and is therefore comparable with the Ar laser. The scattering and absorption by skin pigments when using the KTP laser are nearly the same as the Ar laser. Yet the KTP laser light is more strongly 
absorbed by hemoglobin.

The KTP laser has uses in otologic, rhinologic, and laryngologic surgery. It can also be used for tonsillectomy and pigmented dermal lesions. In otology, it has been shown to be effective for initial stapes surgery, as well as for revision 
stapedectomy.[26] Thedinger has promoted the KTP laser for chronic ear surgery, specifically for removing hyperplastic infected mucosa, disarticulating mobile stapes suprastructure in a complete cholesteatoma removal, and removing 



previously inserted middle ear implants.[47] Hand-held probes also facilitate use of the KTP laser for functional endoscopic sinus surgery and other intranasal applications and for microlaryngeal applications. The optical fiber delivery of the 
532-nm laser light can be manipulated through a rigid pediatric bronchoscope as small as 3 mm, facilitating lower tracheal and endobronchial lesion treatment in infants and neonates.[49] 

The KTP crystal actually doubles the frequency (halves the wavelength) of an Nd:YAG laser. Therefore, with this laser, the output between the 532-nm KTP light and the 1064-nm Nd:YAG light can usually be switched.
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Flash Lamp Pumped Dye Laser

The management of hemangiomas and port-wine stains with lasers has benefited from the application of the flash lamp pumped dye laser. The dye was initially selected for maximum absorption by the oxyhemoglobin at 577 nm. Tan and 
others showed that at 585 nm, hemoglobin absorption is maximal with minimal scattering and absorption by melanin and other pigments.[46] The light pulse is about 400 µsec long to minimize thermal diffusion in the tissue. Although dark skin 
types show little or no selective vascular photothermolysis with the flash lamp pumped dye laser, lighter skin types show significant results. At a threshold dose, specific vascular injury is observed without disruption of the adjacent tissue in 
lightly pigmented skin.

Other Lasers

In an effort to have a more controlled laser effect with less damage to adjacent tissue, several lasers in the near-to mid-infrared region have been investigated, including the erbium:YAG (Er:YAG) and the holmium:YAG (Ho:YAG). The Er:
YAG emits at the infrared peak of water absorption at 2.94 µm. The extinction length in water is less than 2 µm. The laser produces very clean incisions with a minimal amount of thermal damage to the adjacent tissue. The negative aspects 
are: (1) The wavelength is too long to be transmitted through normal optical fibers. This gives a distinct advantage to lasers that produce light that can be transmitted through fibers. (2) More important, the thermal propagation is so short 
there are practically no tissue coagulation and no hemostasis. The Er:YAG laser is therefore unsuitable for use in highly vascular tissue. It has been used in dental surgery for various indications. In otolaryngology, the Er:YAG laser has been 
used for stapes surgery and for cutaneous applications, including rhinophyma and resurfacing for wrinkles.[2] [21] [30] 

The Ho:YAG laser operates at 2.1 µm. This wavelength can be effectively transmitted through fibers. The extinction length in water is about 0.4 mm, which suggests that this laser light should interact with tissue in a way very similar to the 
CO2 laser. The Ho:YAG has been combined with fiberoptic endoscopy for sinus surgery. The hemostasis is good, and the soft bone ablation is readily controlled. Adjacent thermal damage zones varied from 130–220 µm in a study by Stein and 
others.[43] The laser is as effective in sinus surgery as conventional surgical techniques with less blood loss but increased postoperative edema.[27] 

PULSE STRUCTURE

As mentioned earlier in this chapter, the surgeon has three parameters to select when using a particular laser. The intensity of the laser is the least useful. The exposure time is important in that it controls the total amount of light incident on 
the tissue (i.e., the radiant exposure). The pulse structure of the laser light within the given exposure time is also crucial. The pulse structure is a characteristic of the active medium and the cavity configuration. It is often fixed and cannot be 
changed or modified by the surgeon.

Continuous Wave Lasers

Many lasers operate in a continuous wave mode. In this mode, the laser is always on. The instantaneous intensity and the average laser intensity are essentially the same. A shutter, external to the laser cavity, usually controls the exposure 
time, allowing the laser to operate independently of the exposure time or the frequency of exposures. This gives the most stable operation. A surgical CO2 or Nd:YAG laser will operate in continuous wave mode at intensities of a few watts to 
more than 50 W.

Flash Lamp Pulsed Lasers

Certain lasers operate in a pulsed mode. Flash lamp pumped lasers can pulse from about 0.5 msec to several 100 ms. The first ruby laser operated in a pulsed mode. The flash lamp used to pump the ruby crystal had a duration of about 1 ms. 
The laser output of this first ruby laser clearly was irregular and unstable. When observed with a fast detector and oscilloscope, the output intensity was found not to be a 1-ms long laser pulse but a series of irregular spikes. Each spike is a 
few microseconds long with several microseconds between the spikes. The stimulated emission in the ruby is so efficient that it quickly depletes the population inversion and the operation stops, after which the flash lamp can reestablish the 
population inversion and operation can resume. This process repeats until the flash lamp stops. Most of the long-pulsed lasers operate in a spiking mode.

Q-Switched Laser

The spiking of the laser output can be controlled to produce a single very short laser pulse, much shorter than the flash lamp lifetime. One technique to produce the short pulses is Q-switching, in which the laser pumping process (usually a 
flash lamp) builds up a large population inversion inside the laser cavity. Blocking or removing one of the mirrors prevents the laser from emitting. After a large population inversion has developed, the feedback is restored and a short intense 
burst of laser light depletes the accumulated population inversion, typically in 10 to 50 ns. Q-switching can be accomplished by several different methods. The most direct and earliest method is rotating the end mirror so that the light 
amplification by stimulated
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emission can occur during the short interval when the mirror is correctly aligned. Waring blender motors were often used as fast, stable motors. However, uncertain timing, lack of reliability, and vibration (not to mention the noise) led to 
many problems, particularly with the alignment. Electrooptic polarization rotators and acoustooptic beam deflectors are now commonly used for Q-switching.

Cavity Dumped Lasers

Cavity dumping produces slightly shorter pulses of light. In this technique, the laser is pumped and allowed to operate between completely reflecting mirrors. The light energy is trapped in the cavity until it reaches a maximum. Then one of 



the mirrors is "removed" from the cavity and allows all the light to leave the cavity. The laser pulse has a physical length of twice the cavity length. Thus, the duration of the laser pulse is 2λc, where λ is the length of cavity and c is the speed 
of light (c is about 3 × 1010 cm/sec or 1 foot/ns).

Mode Locked Lasers

Mode locking produces pulses of light as short as a few picoseconds. A Q-switched laser operates in several longitudinal modes (or slightly shifted frequencies). A fast saturable dye brings all these modes into phase. The nanosecond 
macropulse of light is actually a train of micropulses, each of which is several picoseconds long and repeats at about 100 MHz. These pulses can be further compressed by various techniques. The shortest laser light pulses achieved in the 
laboratory are less than 4 wave oscillations long (about 6 fs or 6 × 10−15 sec).

The pulsed laser dramatically changes the interaction of the light with tissue. The intensity of the laser during the pulse is extremely high (approaching 109 W). The high intensity and short pulse duration enable the laser light efficiently to 
ablate tissue before the thermal energy spreads by thermal diffusion. The pulse should be significantly shorter than the thermal diffusion time to prevent thermal diffusion from spreading damage. Typically, a tissue under laser irradiation 
reaches thermal equilibrium within a few milliseconds. The heat will spread over several micrometers in less than 10 µsec. Also, the transverse mode structure of the laser beam must be preserved in the short pulses to yield the small focal 
spot size.

SAFETY CONSIDERATIONS

Education

The laser is a precise but potentially dangerous surgical instrument that must be used with caution. Although distinct advantages are associated with the use of laser surgery in the management of certain benign and malignant diseases of the 
upper aerodigestive tract, these advantages must be weighed against the risks of complications. Because of these risks, the surgeon must first determine if the laser offers an advantage over conventional surgical techniques. For the surgeon to 
use good judgment in the selection and use of lasers in practice, prior experience in laser surgery is necessary. Therefore, some type of formal laser education program should be a prerequisite to using this technology. Most hospitals now 
require evidence of participation in a laser use and safety course before granting laser privileges. The surgeon who has not received training in laser surgery as a resident should attend a hands-on training course in laser surgery. Such a course 
should include laser biophysics, tissue interactions, safety precautions, and supervised hands-on training with laboratory animals. After completing such a course, the surgeon should practice laser surgery on cadaver or animal specimens 
before progressing to the more simple procedures on patients.

Hospitals that offer laser surgery should appoint a laser safety officer and set up a laser safety committee consisting of the laser safety officer, physicians using the laser, anesthesiologists, operating room nurses, a hospital administrator, and a 
biomedical engineer. The purpose of this committee is to develop policies and procedures for the safe use of lasers within the hospital. The safety protocols established by this committee will vary with each specialty and use of the laser. In 
addition, the laser safety committee should (1) make recommendations regarding the appropriate credential-certifying mechanisms required for physicians and nurses to become involved with each laser; (2) develop educational policies for 
surgeons, anesthesiologists, and nurses working with the laser; (3) accumulate laser patient data in cases where an investigational device was used; and (4) conduct a periodic review of all laser-related complications.

Aside from a few minor eye injuries from a laser beam exposure, most serious accidental injuries related to laser use can be traced to the ignition of surgical drapes and airway tubes.[41] Because the anesthesiologist is also concerned with the 
airway and because potent oxidizing gases pass through the airway in close approximation to the path of the laser beam, it is necessary to develop a team approach to the anesthetic management of the patient undergoing laser surgery of the 
upper aerodigestive tract. It is recommended that anesthesiologists involved with laser surgery cases attend a didactic session devoted to this subject. Finally, the operating room staff must be educated with regard to laser surgery. Attendance 
at an inservice workshop with exposure to clinical laser biophysics and the basic workings of the laser, as
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well as hands-on orientation should be the minimal requirement for nurses to participate in laser surgery.

Safety Protocol

Development of an effective laser safety protocol that stresses compliance and meticulous attention to detail by the operating room personnel (laser surgery team) is probably the most important reason this potentially dangerous surgical 
instrument can be used safely in treating patients with diseases of the upper aerodigestive tract.[34] Such a laser safety protocol is usually general enough to list all the major and most minor precautions necessary when laser surgery is being 
performed within the specialty of otolaryngology. General considerations concern provisions for protection of the eyes and skin of patients and operating room personnel and for adequate laser plume (smoke) evacuation from the operative 
field. Additional precautions concern the choice of anesthetic technique, the choice and protection of endotracheal tubes, and the selection of proper instruments, including bronchoscopes.

Eye Protection

Several structures of the eye are at risk. The area of injury usually depends on which structure absorbs the most radiant energy per volume of tissue. Depending on the wavelength, corneal or retinal burns, or both, are possible from acute 
exposure to the laser beam. The possibility for corneal or lenticular opacities (cataracts) or retinal injury exists after chronic exposure to excessive levels of laser radiation. Retinal effects occur when the laser emission wavelength occurs in 
the visible and near-infrared range of the electromagnetic spectrum (0.4–1.4 µm). When viewed directly or secondary to the reflection from a specular (mirror like) instrument surface, laser radiation within this wavelength range would be 
focused to an extremely small spot on the retina, causing serious injury. This occurs because of the focusing effects of the cornea and lens. Laser radiation in the ultraviolet (<0.4 µm) or in the infrared range of the spectrum (>1.4 µm) 
produces effects primarily at the cornea, although certain wavelengths also may reach the lens.[3] 

To reduce the risk of ocular damage during cases involving the laser, certain precautions should be followed. Protecting the eyes of the patient, surgeon, and other operating room personnel must be addressed. The actual protective device 
will vary according to the wavelength of the laser used. A sign should be placed outside the operating room door warning all persons entering the room to wear protective glasses because the laser is in use. In addition, extra glasses for the 
specific wavelength in use should be placed on a table immediately outside the room. The doors to the operating room should remain closed during laser use.

Patients undergoing CO2 laser surgery of the upper aerodigestive tract should have a double layer of saline-moistened eye pads placed over the eyes ( Figure 7-12 A, B ). All operating room personnel should wear protective eyeglasses with side 
protectors. Regular eyeglasses or contact lenses protect only the areas covered by the lens and do not provide protection from possible entry of the laser beam from the side. When working with the operating microscope and the CO2 laser, the 



surgeon need not wear protective glasses. The optics of the microscope provide the necessary protection ( Figure 7-13 ). When working with the Nd:YAG laser, all operating room personnel (and the patient) must wear wavelength-specific 
protective eyeglasses that are usually blue-green. Although the beam direction and point of impact may appear to be confined within the endoscope, inadvertent deflection of the beam may occur because of a faulty contact, a break in the 
fiber, or accidental disconnection between the fiber and endoscope. Special wavelength-specific filters are available for flexible and rigid bronchoscopes. When these filters are in place, the surgeon need not wear protective eyeglasses. [22] 

When working with the Ar, KTP, or dye lasers, all personnel in the operating room, including the patient, should again wear wavelength-specific protective eyeglasses that are usually amber. When undergoing photocoagulation for selected 
cutaneous vascular lesions of the face, the patient usually wears protective metal eye shields rather than protective eyeglasses. Similar precautions are necessary for the visible and near-infrared wavelength lasers. The major difference is the 
type of eye protection that is worn.

Skin Protection

The patient's exposed skin and mucous membranes outside the surgical field should be protected by a double layer of saline-saturated surgical towels, surgical sponges, or lap pads. When microlaryngeal laser surgery is being performed, the 
beam might partially reflect off the proximal rim of the laryngoscope rather than go down it. Thus, saline-saturated surgical towels completely drape the patient's face. Only the proximal lumen of the laryngoscope is exposed. Great care must 
be exercised to keep the wet draping from drying out. It should occasionally be moistened during the procedure. Teeth in the operative field also need to be protected. Saline-saturated Telfa, surgical sponges, or specially constructed metal 
dental impression trays can be used. Meticulous attention is paid to the protective draping procedures at the beginning of the surgery. The same attention should be paid to the
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Figure 7-12 Patient undergoing carbon dioxide laser microlaryngoscopy with jet ventilation. A, Saline-moistened eye pads are secured with silk tape. The eyes are first taped closed with silk tape to prevent corneal abrasions from the eye 
pads. B, Saline-moistened towels are placed around the patient's head to cover all skin surfaces. 

 

Figure 7-13 Protective eyewear is worn by the anesthesiologist during carbon dioxide laser microlaryngoscopy. The surgeon's eyes are protected by the optics of the operating microscope. 
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Chapter 8 - DIFFICULT AIRWAY/INTUBATION: IMPLICATIONS FOR ANESTHESIA

Lynette Mark 
Seth Akst 
James Michelson 

OVERVIEW

Airway management is the essence of clinical anesthesiology. Complex airway management of the patient with an anticipated difficult airway/intubation or the patient with an unanticipated difficult airway/intubation is a multispecialty 
process that involves anesthesiologists, surgeons, pulmonologists, critical care physicians, emergency physicians, and nursing/technician staff support.

The otolaryngologist-head and neck (OLHN) surgeon with expertise in rigid laryngoscopy and bronchoscopy, flexible fiberoptic bronchoscopy, and surgical approaches to the airway is uniquely qualified to take the lead surgical role in a 
team approach with the anesthesiologist to safely manage difficult airway/intubation patients. The goal of airway management is simple: to provide the most expeditious form of management that has the lowest potential for injury and the 
greatest potential for control of the airway.[50] 

The approach to the patient with a difficult airway varies, depending on whether management is elective or urgent/emergency and whether the health care setting is an operating room or a nonoperating-room environment.

This chapter presents the anesthetic component of complex airway management in a manner that OLHN surgeons can incorporate into their practice. Discussions include the following: 

1.  Preoperative patient evaluation by the anesthesiologist to identify a patient with a potentially difficult airway/intubation
2.  Basic anesthetic techniques with specific attention to implications of anesthetics in airway management
3.  Indications and limitations of airway techniques primarily used by anesthesiologist and emergency physicians
4.  American Society of Anesthesiology (ASA) Guidelines for Management of the Difficult Airway and the role of the OLHN surgeon in using these Guidelines[3] 
5.  The Johns Hopkins Medical Institutions Departments of Anesthesiology and Critical Care Medicine and OLHN Airway Management Initiative
6.  Establishing an Airway Management Service at your institution
7.  Mechanisms for communicating patient airway information to other health care providers and patients
8.  Case presentations focused on the use of the ASA Difficult Airway Algorithm
9.  Case presentations focused on catastrophic events and the role of the OLHN surgeon

The focus of this chapter is on clinical airway algorithms and the decisions that must be made by the anesthesiologist together with the OLHN surgeon to safely provide anesthesia and airway management for their patient or for a non-OLHN 
patient seen by them in joint consultation for airway management. In-depth discussions about the pharmacology and physiology of anesthesiology are beyond the scope of this chapter but can be found in any of numerous authoritative 
textbooks of anesthesiology. [38] [49] 

DIFFICULT AIRWAY/INTUBATION: A MULTISPECIALITY PROBLEM

Complex airway management is a multifaceted problem involving health care providers in a variety of clinical settings. The consequences of failed airway maintenance, endotracheal intubation, or both, can be devastating to the patient, the 
practitioner, and the health care system. Critical issues include identification
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of difficult airway/intubation patients, mobilization of physician and support staff, mobilization of airway management equipment, preparation of the patient, implementation of appropriate airway algorithms, documentation of airway 
management techniques, dissemination of critical airway information to future health care providers, and quality improvement/medicolegal considerations.

Patient Identification

Controversy regarding predictors and definitions of "difficult" exists both intraspecialty and interspecialty, dependent and independent of practitioner skill, related to specific techniques and complicated by changing patient pathophysiology. 
[7] Some patients may be anticipated to be difficult to intubate on the basis of a history of difficulty intubation or clinical predictors of difficult intubation. The ASA Practice Guidelines for Management of the Difficult Airway[3] reviews some of 
the historical or physical examination findings possibly suggestive of a difficult intubation. Some of these predictors of anticipated difficulty with conventional direct laryngoscopy (MAC/Miller) include a large overbite, large tongue, narrow 
mouth opening, or short chin. Various prediction models, such as correlation with Mallampati oral view I to IV to the Cormack and Lehand laryngoscopic view grades I to IV have been proposed, but none offer 100% sensitivity for 
prediction of a difficult airway ( Figure 8-1 , Figure 8-2 , Figure 8-3 , and Figure 8-4 ).[29] Historically, anesthesiology literature cites an incidence of 1% to 3% for unanticipated difficult airway/intubation in patients 

 
Figure 8-1 Mallampati, Cormach, and Lehand A, oral and B, laryngoscopic views. 



 

Figure 8-2 Anesthesia resident with thick neck, 5'8", 95 kg, viewed by colleagues as "anticipated difficult" airway. Mallampati class I oral view. Airway algorithm for elective surgery: mask ventilation easy; direct laryngoscopy times one 
with MAC No. 4 with full grade I laryngoscopic view. 

 

Figure 8-3 Patient evaluated to have a Mallampati class II airway with a tongue blade and anticipated easy intubation with conventional laryngoscopy. Airway algorithm for elective surgery: mask ventilation easy; unsuccessful direct 
laryngoscopy with MAC No. 3/4 Miller No. 2/3 times 4; successful asleep oral fiberoptic intubation with No. 7.0 ETT with view of complete glottic opening. 

 

Figure 8-4 Postoperative evaluation of patient in Figure 8-3 . Note that without the tongue blade, the patient has a Mallampati class 4 airway and should have been considered to be anticipated difficult intubation with conventional 
laryngoscopy. 

 

TABLE 8-1 -- DIFFICULT AIRWAY/INTUBATION: ADVANCES IN AIRWAY DEVICES

Technique Visualization Site Awake/sleep Contradictions Olhn Anes Comments References

Face mask none oral both Full stomach - + Nasal/oral airways to optimize; 
headstrap to optimize

 

Laryngeal mask airway (LMA) none oral both Full stomach - + New variants include intubating 
LMA, LMA flexible, LMA ProSeal

www.Imana.com, Figure 8-11 

Blind nasal none nasal both Nasal pathology, coagulation 
status

- +   

Digital none oral both Limited jaw opening - +   

Lighted stylet none oral nasal both Nasal or laryngeal pathology, 
large neck/mass

- + Requires tansillumination at stemal 
notch

Interactive Airway IDevice Tutorials: 
www.anest.ufl.edu [24] 

Conventional Laryngoscopy direct oral both Limited jaw opening - + Macintosh/Miller Blades  



Endotracheal tube guides 
(Eschmann, Frova, Arndt, Aintree)

direct or none oral nasal both  + + Adjunct to conventional and rigid 
laryngoscopy intubation with LMA, 
and extubation techniques

www.cookgroup.com

Rigid laryngoscopy (Hollinger/
Dedo)

direct oral both Limited jaw opening + - Hollinger is difficult airway scope  

Rigid bronchoscopy direct oral both Limited jaw opening + -   

Fiberoptic bronchoscopy direct both both Blood or secretions - +   

Rigid fiberoptic laryngoscope 
(Bullard, Upsher, Wu)

indirect oral both Blood or secretions - + Combination of fiberoptic and 
conventional laryngoscopy

Figure 8-12 [9] 

Retrograde intubation indirect neck both  + +   

Percutaneous cricothyrotomy indirect neck both Neck pathology, technique + + OLHN assisted with FOB/direct 
visualization

www.cookgroup.com

Cricothyrotomy direct neck both Neck pathology, technique + -   

Tracheotomy direct neck both Neck pathology, technique + -   

Transtracheal jet ventilation  oral neck both Via angiocath, attachement to 
rigid laryngoscope, ventilating 
EET changers

+ +  gasnet.med.yale.edu/airway/opt12.htm

Combitube indirect oral both Limited jaw opening - ? AHA guidelines for prehospital 
management; Interactive frame face 
with Combitube

Figure 8-13 [19] [22] 
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Figure 8-5 Demonstration of LMA use. (Courtesy of LMA, North America Inc.). 

 

Figure 8-6 Rigid bronchoscopes. 

 

Figure 8-7 Diagram of usage of a Combitube. 



 

Figure 8-8 Adult emergency airway cart with monitor, adult emergency airway cart without monitor for OR use. S. Akst, M.D., with laminated pocket card. JH Adult Airway Management. 

 

Figure 8-9 M. Witcher, Airway Equipment Specialist with OR Adult Emergency Airway Cart. 

 

Figure 8-10 Members of Airway Service (from left to right): N. Gorsuch, RN, OLHN, resident; E. Waldman, MD; K. Deweese, RN; G. Ruff, Surgical Technician, OLHN Fellow; J. Schindler, MD, Anesthesia resident; D. Pennington, MD. 



 

Figure 8-11 Operating room setup with head of bed turned 90 degrees from anesthesiologist area and OLHN rigid laryngoscopes setup. 

 

Figure 8-12 Medical chart with label and ACR. 

 

Figure 8-13 Transition from in-hospital airway registry to Medic Alert Foundation. 



 

Figure 8-14 Final discussions regarding airway management. 

 

Figure 8-15 Teaching fine points with the Hollinger rigid laryngoscope. 

 

Figure 8-16 Establishing mask ventilation with Anesthesia Attending L. Mark, M.D. 

 

Figure 8-17 Face mask ventilation with head strap. 



 

Figure 8-18 Placement of the Hollinger with tooth guard. 

 

Figure 8-19 Viewing the glottic opening. 

 

Figure 8-20 Placement of the Eschmann stylet through the Hollinger into the glottic opening. 

 

Figure 8-21 Advancing the ETT over the Eschmann stylet. 



 

Figure 8-22 Verifying ETT position with ETCO2 and auscultation and assessing for soft tissue trauma. 

 

Figure 8-23 Mentorship from OLHN Attending C. W. Cummings, M.D. 

 

Figure 8-24 Simulation can be used in teaching airway management to medical students (shown), as well as residents, fellows, and paramedical personnel. 

 

Figure 8-25 Clockwise from left, The Medic Alert emblem as a necklace, the Medic Alert emblem as a bracelet, and the reverse side of the Medic Alert emblem, which shows the Medic Alert collect phone number (accessible nationally and 
internationally without charge to the caller), the Difficult Airway/Intubation Registry designation, and the patient's unique identification number for the Medic Alert system. 



 

Figure 8-26 The Medic Alert wallet card with Airway Registry information. 

 
Figure 8-27 Airway management database section of the Medic Alert National Airway/Intubation Registry enrollment form. It can be scanned and faxed to facilitate rapid dissemination of critical airway information. Although this database section is no longer distributed by Medic Alert Foundation, practitioners may include any/all of this information in the patient's medical information section of the current Medic 
Alert enrollment form. 

unsuccessful techniques, best visualization of airway anatomy, clinically applied algorithm, and clinical outcome. The section of the brochure that contains information by the practitioner is scannable and able to be faxed. The enrolling 
health care provider's signature authenticates the information provided; however, anonymity is honored if requested. Select information from this database is compiled in paragraph form, printed on the patient's wallet card, and sent by fax 
when requested. With the exception of specific airway requirements (such as those caused by tracheal surgery, stenosis, or other conditions requiring specific sizes of endotracheal tubes), recommendations for future airway management are 
not printed on the wallet card, thereby avoiding conflicts with other practitioners' choices of future airway management techniques. Clinical outcome information from the original health care provider is confidential, collected for research 
purposes only, and is not disseminated to the patient or future health care providers.

Patient signature.

Informed consent must be obtained for enrollment.

Practitioner security.

Practitioner security is increased by the Registry in two ways: (1) by improving provider-patient communication; and (2) by documenting and disseminating critical airway information to future health care providers.

Malpractice claims are often initiated because of poor communication. [27] Enrollment in the Registry gives providers an opportunity to inform patients of their airway difficulties and adverse events while offering a way to protect patients 
from airway difficulties in the future. A survey showed that, despite experiencing adverse outcomes (cancellation of surgery, dental trauma, soft tissue trauma, desaturation, cardiovascular compromise, and cricothyrotomy or tracheostomy), 
100% of Registry patients were satisfied with enrollment in the Registry and had a sense of comfort that future health care providers would understand the significance of their difficult airway/intubation and the concept of Medic Alert. [13] 
Even after a difficult experience, patients favorably responded to their anesthesiologists' knowledgeable presentation of organized efforts to register their problem and reduce the risk of recurrence. Enrollment in the Registry, as documented 
in patients' charts, is a
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Figure 8-28 The cover of the Medic Alert National Difficult Airway/Intubation Registry enrollment brochure. 

 

Figure 8-29 Health provider information panel, Medic Alert National Registry for Difficult Airway/Intubation. Note: although no longer distributed by Medic Alert, the information presented may facilitate positive communication with 
patients who might benefit from enrollment into Medic Alert. 



 

Figure 8-30 Patient information panel. See note on Figure 8-9 . 

 

TABLE 8-2 -- CHARACTERISTICS OF PATIENTS ENROLLED IN THE MEDIC ALERT NATIONAL DIFFICULT AIRWAY/INTUBATION REGISTRY

Characteristic Cases * (%)

Adult (age > 18 years) 99

Emergency 1

ASA classes I and II 54

ASA classes III and IV 46

ASA class V 0

Anticipated difficult 44

Unanticipated difficult 56

Difficult mask airway 10

Difficult intubation 97



ASA, American Society of Anesthesiologists.
*n = 111 
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TABLE 8-3 -- AIRWAY MANAGEMENT TECHNIQUES USED FOR PATIENTS IN THE MEDIC ALERT NATIONAL DIFFICULT AIRWAY/INTUBATION REGISTRY

 OUTCOME

Technique Successful (n = 110) Unsuccessful (n = 200)

Conventional laryngoscopy 20 170

Fiberoptic bronchoscopy 66 13

Lighted stylet 1 1

Surgical airway 11 3

Specialized others 12 13
 
 

TABLE 8-4 -- ADVERSE OUTCOMES FOR PATIENTS IN THE MEDIC ALERT NATIONAL DIFFICULT AIRWAY/INTUBATION REGISTRY

Type Frequency (n = 31)

Cancellation 9

Dental trauma 3

Desaturation 7

Soft tissue or nasal trauma 8

Tracheal trauma 3

Cardiovascular compromise 2

Other 7
 
minor or major adverse outcomes, despite concerns of liability exposure.

DIFFICULT AIRWAY/INTUBATION: FUTURE DIRECTIONS FOR NATIONAL ELECTRONIC PATIENT RECORDS AND SHARED HOSPITAL AIRWAY REGISTRIES

Interest has been high for several years in the concept of a national EPR. In 1991, the Institute of Medicine set a goal of 10 years for widespread use of the computerized patient record. In January 1994, the Computer-Based Patient Record 
Institute, Inc. announced that it would seek major funding to finalize the development of standards for health care informatics. It seems inevitable, given the current interest and effort by government and private sectors, that a national EPR 
will become a reality. However, because of the complexity and scope of the issues involved, the time frame for accomplishing this goal remains far from certain. The objectives of the National Airway/Intubation Registry are in agreement 
with those organizations supporting development of the EPR. The Medic Alert system (with its centralized and computerized database of medical information accessible by telephone or fax within 5 minutes and with Internet access in 
development) already embodies many of the concepts of the EPR (see Appendix L for contact information). Proposals are being developed to allow electronic data transfers while accommodating patient confidentiality and medical records 
security through appropriate documentation and encryption techniques. Once these safety mechanisms are in place, automated queries of the Registry will become possible, obviating the need for telephone calls that interrupt the flow of 
patient evaluation in busy outpatient practices. As the electronic computerized patient record becomes more common in preanesthetic evaluation,[21] such automated queries of the Registry will become commonplace. Future developments 
could include supplementary photodocumentation. As development of the electronic patient record continues, Medic Alert's goals and information format will easily mesh with the infrastructure of an emerging electronic patient record. 
Although Medic Alert is not defined as a "Covered Entity" under HIPAA regulations,[36] it follows rigid patient information privacy standards that are consistent with the HIPAA rules. The data contained in their database of patient 
information are kept confidential, being shared only with medical providers in the course of caring for the patient. Medic Alert also complies with principles that govern the retention, collection, and safeguarding of data as defined by the 
European Union SafeHarbor framework.[57] 

CLINICAL PRACTICES: CASE PRESENTATIONS OF DIFFICULT AIRWAY/INTUBATION PATIENTS

Case 1: Consultation with the Airway Service for Future Airway Management

The patient was a 25-year-old woman who was seen in consultation for future airway management for elective surgery or in the event of an emergency. She had been referred for airway management consultation by her sister, a nurse. By 
profession, she was a law student. Her medical history was significant for hemangioma of the tongue. She was status post numerous embolizations as a child and young adult with increasingly difficult airway management. The last incident, 
5 years prior, was one in which the anesthesia team was unable to nasally or orally intubate her trachea, and the procedure was canceled. She was now contemplating uterine surgery for fibroids and wanted to understand all the options she 
had for airway management.



On physical examination, she was 5'6" and weighed 58 kg. Her facial structures appeared normal until she
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opened her mouth. Her mouth opening was three fingerbreadths, and her entire oral cavity was filled with the hemangioma, which had caused her upper and lower teeth to protrude outward. On nasal examination, there was extension into her 
nasopharynx. Her neck had normal range of motion; her thyroid was within normal limits and her trachea mobile. Her speech was remarkable for distinct thickness and slurring of some words.

After an in-depth discussion between the anesthesiologist and otolaryngologist, a joint recommendation was made for an awake tracheotomy in the event of required general anesthesia or for regional anesthesia (if appropriate), with the 
immediate availability of a surgeon capable of doing a tracheotomy in the event that regional anesthesia failed or the situation became an airway emergency.

Discussion

1.  Despite major advances in airway techniques, anesthetic agents, and monitoring, there remain instances when an elective tracheotomy is the airway management technique of choice. The consultation facilitated a discussion that 
addressed risks and benefits and allayed the patient's fears regarding the uncomfortableness and permanence of a tracheotomy.

2.  The patient requested enrollment into Medic Alert. She had an active lifestyle and was very realistic about the potential for an adverse outcome related to her airway if she were unable to communicate the consultant's recommendation of 
an awake/urgent tracheotomy.

Case 2: Anticipated from Physical Examination: Awake Nasal Intubation

The patient was a 66-year-old woman who was seen in the operating room for a direct laryngoscopy with biopsy. She had the specific designation of "Airway Alert: Awake Intubation" from the Preoperative Evaluation Center (PEC). The 
otolaryngologist had followed her case for 3 years with a diagnosis of a left vocal cord polyp, which had greatly enlarged over the previous 6 months. Her chief complaint was respiratory difficulty. Flexible laryngoscopy in the 
otolaryngology clinic confirmed the presence of a ball-valving pedunculated polyp originating near the anterior commissure of the vocal fold. On expiration, the polyp blocked her airway when it bulged into the oral pharynx. Medical history 
was significant for morbid obesity (5'2", 162 kg), asthma, emphysema, diabetes, obstructive sleep apnea, and gastroesophageal reflux disease.

The surgeon communicated with the anesthesiologist the request for an awake intubation with a direct visualization technique, citing the possibility of dislodging the large polyp into the trachea as a significant risk factor during airway 
management. In addition, a small (6.0-mm cuffed) ETT was requested. With these comorbidities identified, including difficulty lying supine, the plan was to proceed with an awake nasal fiberoptic intubation with the patient positioned in the 
sitting position.

The patient was brought to the operating room and positioned in the sitting position. She received minimal sedation with glycopyrrolate, midazolam, and fentanyl. She was topicalized with nebulized lidocaine, and her nasal cavity was 
progressively dilated to pass a 6.0-mm cuffed ETT with a fiberoptic bronchoscope, as visualized with a monitor. The lesion was seen to prolapse into the airway on expiration. During expiration, the ETT was passed through the cords to 
approximately 1 to 2 cm above the carina. After confirmation by capnography, general anesthesia was induced and the patient placed supine. Adequate visualization of the cords could not be achieved with the Dedo laryngoscope. A 
Hollinger scope was introduced, and full exposure of the cords was obtained. The patient underwent a suspension microlaryngoscopy and the polyp was removed first in large pieces and then several smaller pieces, until there was a smaller 
area where the pedicle remained. Hemostasis was achieved with cocaine-soaked pledgets. The patient's airway management was returned to the anesthesiologist. She was placed in the head-up position, awakened, and extubated without 
incident.

Discussion

1.  Operating room management of this patient was assigned to members of the Airway Service who had a high level of comfort and expertise with the fiberoptic bronchoscope. The basic setup included the elective FOB cart with monitor 
and elective OLHN suspension table with Dedo and Hollinger laryngoscopes.

2.  The operating room anesthesia team consisted of attending and resident members. The attending was designated to sedate and monitor the patient, whereas the resident worked with the OLHN surgeons to topicalize and secure the airway 
with the fiberoptic bronchoscope.

3.  Knowing that the glottic opening was not easily visualized with the Dedo laryngoscope is significant for future airway management and supports the teaching that, of the two scopes, the Hollinger laryngoscope is the more difficult 
airway rigid laryngoscope of choice for the OLHN surgeon.
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Case 3: Anticipated from Surgical Procedure: Three Staged Surgeries for Temporomandibular Joint (TMJ) Surgery; Three Airway Management Algorithms

The patient was a 23-year-old woman who was scheduled for TMJ surgery. On physical examination, she was 5'4" and weighed 59 kg. Her mouth opening was limited to 2 mm. Nasal passages were clear, and neck anatomy was normal. The 
surgeon requested a nasal intubation for the procedure. The anesthesia team evaluated her and suggested an awake nasal intubation, which was accomplished without incident.

The patient returned to the operating room 6 months later for the second stage of her TMJ surgery. On physical examination, she now had a mouth opening of 3 cm. The surgeon requested a nasal ETT for the procedure. The anesthesia team 
now suggested an asleep Magill forceps-assisted nasal intubation with conventional laryngoscopy. This was accomplished without incident.

The patient returned to the operating room 2 months later for the final stage of her TMJ surgery. The surgeon no longer requested a nasal intubation for the patient. The anesthesia team suggested asleep conventional laryngoscopy, which was 
accomplished without incident.

Discussion

1.  This case illustrates the concept that, for each patient, the airway algorithm used is on the basis of these concepts: full stomach (yes/no), oral or nasal intubation (or neck/surgical), and awake or asleep intubation. For each surgical 



procedure, there were a number of airway techniques that might have been successful. In each case, the anesthesia team chose a technique that they had expertise with, that suited the surgical needs, and that was agreed on with the 
patient. There were no adverse events.

2.  EPR documentation for this patient included detailed notes describing a progression of steps from the patient being an airway alert to easy conventional laryngoscopy. The significance of this is that, to date, most first response airway 
management in elective and emergent situations in the operating room (and in nonoperating locations) continues to be conventional laryngoscopy with MAC and Miller laryngoscopes. For this patient, because of the surgery, she 
progressed from being considered an anticipated difficult intubation patient to becoming a patient in whom airway management was easily facilitated with conventional laryngoscopy.

Case 4: Anticipated Difficult Intubation and Extubation: Trismus vs Fused TMJ

The patient was a 35-year-old woman, who was transferred from another hospital for evaluation of trismus and biopsy of an oral lesion. Her medical history was significant for medical evacuation from Asia with complaints of malaise, fever, 
jaw pain, and increasing trismus. There was no definitive diagnosis.

On physical examination, she was 5'5" and weighed 52 kg. She appeared to be clenching her jaw shut and was unable to open it for examination, citing pain as the reason. There was slight swelling of her mandible. Nasal passages were clear. 
The thyroid and neck were normal.

The otolaryngologist suggested asleep conventional laryngoscopy would be sufficient and thought that the trismus would be released with muscle paralysis. The anesthesiologist was concerned about the diagnosis of trismus and the fact that 
the patient had never had a general anesthetic that required endotracheal intubation (and no proven record of easy intubation with conventional laryngoscopy). They agreed to proceed with an awake nasal fiberoptic intubation, with a consent 
for tracheotomy if needed.

The patient was brought into the operating room. She received minimal sedation and was topicalized for an awake nasal intubation in the sitting position. A 6.5-mm cuffed ETT was placed with the fiberoptic bronchoscope without incident. 
The glottis and vocal cords were grossly normal. The patient was placed supine and induced for general anesthesia. An intubating dose of succinylcholine was given, and complete paralysis was verified with a neuroblockade monitor. All 
attempts to open her mouth were unsuccessful because of bilateral TMJ pathology/limitation in opening. The biopsy was completed, and a nasogastric tube previously advanced into her stomach was removed. An antiemetic was given, and 
she was awakened in the sitting position. She was extubated while awake over an Eschmann stylet, which was removed a few minutes later without incident. She was taken to the recovery room with the Adult Emergency Airway Cart at her 
side. She was given an airway alert bracelet and an airway alert was dictated into EPR.

Discussion

1.  The diagnosis of trismus presents practitioners with at least two major challenges: (1) distinguishing between masseter muscle spasm/pain and TMJ limited opening; and (2) having multiple airway techniques immediately available, and 
limited by (1). Although asleep techniques may have been successful, there was enough uncertainty as to the patient's diagnosis in
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this case to warrant an awake technique. Other awake options included blind nasal, nasal lighted stylet, or a surgical airway.
2.  Succinylcholine, which has the most profound and immediate onset of paralysis of the neuromuscular agents, was used as a diagnostic agent to distinguish between trismus and TMJ limitations. The neuromuscular blockade monitor was 

essential to validate paralysis.
3.  The extubation was a critical part of this airway management plan. Postoperative nausea in the setting of residual anesthesia can place patients at increased risk of aspiration, especially when there are TMJ limitations and the patient 

cannot be effectively suctioned. There must be meticulous attention in this area. The Eschmann stylet, and other ventilating ETT tube changers, has a significant role in the extubation of such difficult airway/intubation patient[14] ; 
however, its use is not without complications. The immediate availability of an airway cart and a physician with expertise in performing the surgical airway technique were critical to the safe management of this patient.

Case 5: Anticipated Difficult Intubation: Asleep Oral Intubation

A 77-year-old man was admitted to the emergency department with pulmonary edema. As the staff were preparing to electively/urgently intubate him for respiratory failure, he informed them that he was a Medic Alert member and that he 
was a difficult airway/intubation (as identified during prior cardiac surgery at the same institution). The staff paged the Airway Service and mobilized the Adult Airway Emergency Cart, which was located in the emergency department. In 
addition, they attempted to retrieve his EPR medical record and his old paper medical record. His surgery had been in 1993, but the EPR was not available until 1995. The old paper record was in off-site storage.

He had been enrolled in the Medic Alert Airway Registry, and his specific airway algorithm had been entered in his Medic Alert record. Medic Alert was contacted, and they immediately faxed his Airway Registry information.

Medical Information

Diabetes, coronary artery bypass graft. Call Medic Alert. Difficult Airway/Intubation. Information was anesthesiologist-reported at The Johns Hopkins Hospital, Baltimore, MD. Phone 410-955-5226. Medical record file ######. Procedure: 
Re-do CABG, date ##/93. Clinical airway algorithm: Unanticipated. Successful mask airway. Unsuccessful asleep direct laryngoscopy with MAC No. 3, Miller No. 3 (×4) with visualization of arytenoids. Successful asleep oral fiberoptic 
intubation with 8.0-mm cuffed ETT. Primary difficulty encountered: Long epiglottis. Recommendation: Availability of awake and fiberoptic techniques.

The Airway Service made a decision to induce general anesthesia, "validate" that he was a difficult airway/intubation with conventional laryngoscopy, and then proceed to rigid laryngoscopy if necessary. He was induced, and mask 
ventilation was established. Direct laryngoscopy with a MAC No. 4 did not reveal the glottic opening. The otolaryngologist successfully intubated the patient with the Hollinger laryngoscope, Eschmann stylette, and 8.0-mm ETT. The 
procedure took less than 5 minutes, and there were no adverse outcomes.

Discussion

1.  As of 2003, Medic Alert continues to play a significant role in the immediate availability of critical information. This case confirmed what preliminary data from the Medic Alert Registry suggested: anticipation of a difficult airway/
intubation results in fewer techniques used and a lower incidence of adverse outcomes.[16] [27] [34] After intubation, an airway note was entered into the EPR.

2.  The mobilization of the Airway Service and the Adult Emergency Airway Cart (complete with the rigid laryngoscopes) in the emergency department has significantly and positively impacted difficult airway management there. In the 
ideal medical community, all specialties involved with airway management would be facile with all airway techniques, including fiberoptic bronchoscopy, rigid laryngoscopy, and surgical airway. The emergency medicine literature 



approaches difficult airway management in a way that is similar to the ASA but without a good understanding of the role of the otolaryngologist in nonsurgical airway management. When The Johns Hopkins Medical Institutions made 
the commitment to fund the Airway Management Service and equipment in both operating rooms and nonoperating locations (intensive care units and emergency department), it was on the condition that an otolaryngologist would be 
called when the equipment was used to ensure physician expertise. Because of the size of our OLHN residency program, we are able have senior residents, experienced with difficult airway management, available for the Airway Service 
24 hours a day, 7 days a week. Although there was initial resistance to shared airway management in the Emergency Department and intensive care
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units, with time and experience, the culture has changed and the Airway Service functions well in all locations.
3.  There were numerous algorithms that could have been successfully implemented, including awake techniques. In this case, the anesthesiologist "just wanted to make sure that conventional laryngoscopy had been unsuccessful" and, after 

the patient's evaluation, felt confident that mask ventilation could be established without difficulty. The surgeon felt confident of his ability to secure the airway with the Hollinger laryngoscope. Backup plans were made, and short-acting 
agents given in case they were incorrect and the patient needed to be awakened.

Case 6: Unanticipated Difficult Intubation, Difficult Mask Ventilation with LMA, Can Wake Up

The patient is a 41-year-old woman who was brought to the operating room to undergo a laparoscopic cholecystectomy. She was evaluated and found to be a candidate for general endotracheal anesthesia. She underwent an intravenous 
induction with sodium pentothal. There was an immediate inability to mask ventilate the patient. An oral airway was placed and two-handed bag/mask ventilation was attempted. The patient desaturated to the low 80s, and stat anesthesia was 
called. The patient remained hemodynamically stable throughout. A No. 4 LMA was placed with some difficulty, and ventilation was established. The patient's oxygen saturation returned to the low 90s, and she made efforts to breathe 
spontaneously. The surgical attending was present throughout the airway management, and a joint decision was made to wake the patient up, remove the LMA, and observe the patient overnight.

The patient was brought back to the operating the following day and underwent an awake nasal fiberoptic intubation without incident. She was extubated awake at the completion of the procedure without problems.

The anesthesiologist dictated a note in the EPR regarding both airway management events and entered the phrase "Difficult endotracheal intubation" in the patient's overview Problems, Allergies, Medications (PAM) list. The surgeon 
dictated in the operative report in the EPR that the patient was induced with general anesthesia and easily orally intubated by the anesthesia staff.

Discussion

1.  This was a case of difficult mask ventilation in which the LMA proved invaluable as a "bail out" device. The return of spontaneous respirations was the deciding point for the operating room physicians with respect to continuing with 
definitive airway management (fiberoptic by way of the LMA, change to intubating LMA, conventional laryngoscopy, rigid laryngoscopy, among other techniques) or aborting the procedure. No attempts at direct laryngoscopy were 
made because a muscle relaxant had not been given, and mouth opening would not have been optimized. Therefore, it was never ascertained whether conventional laryngoscopy would have been easy or difficult. Many patients are, in 
fact, difficult to mask ventilate but easy to intubate with conventional laryngoscopy. The overall incidence of difficult-to-mask ventilate vs difficult-to-ventilate patients is uncertain, but is cited as 1 in 10,000.[7] The decision to return 
another day allowed the surgeon and anesthesiologist to regroup and reassess their airway management plan and assure themselves that the patient had not had an adverse event related to the first experience.

2.  Controversy exists among anesthesiologists as to the value of "verifying" easy direct laryngoscopy with conventional blades after an airway has already been secured (while awake or asleep) with a nonconventional technique. Although 
some think that viewing the ETT in the glottic opening with the MAC/Miller blade indicates that ETT placement would have be easy, others disagree. They comment that the ETT is facilitating this view of the glottic opening with the 
MAC/Miller blade and that this laryngeal view is not indicative of what the laryngeal view would be like without it.

3.  The importance of clear and correct documentation cannot be overemphasized. Until it becomes standard to have anesthesia documentation within electronic medical records, surgeons should be encouraged to briefly document the 
airway management of their patient in their dictated operative note. In the meantime, the issues of how to avoid the discrepancy of the anesthesiologist documenting "difficult airway" while the surgeon dictates "easy to intubate" in the 
operative report can only be addressed by precise communication between surgeons and anesthesiologists.

Case 7: Unanticipated Difficult Intubation, Maskable, Cannot Wake Up Because of Long-Acting Paralysis

The patient was a 60-year-old man who was brought to the operating room for a left radical neck dissection. A stat page was initiated for members of the Airway Service and the Adult Emergency Airway Cart 45 minutes after the induction 
of anesthesia. On
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arrival in the operating room, the anesthesiologist communicated that the patient was stable hemodynamically but that the airway was not secured. A No. 4 LMA was in place, and the patient was being easily oxygenated and ventilated. The 
attending plastic surgeon was not present.

In brief discussion, the operating room anesthesia team communicated to members of the Airway Service what events had transpired and where they were in their airway algorithm decisions. The operating room anesthesia team had 
evaluated the patient and had decided that the patient was a candidate for conventional laryngoscopy with general anesthesia. Induction had been without incident, with an easy mask airway. A long-acting muscle relaxant had been 
administered. When conventional laryngoscopy was unsuccessful, a No. 4 LMA had been placed without incident. Fiberoptic bronchoscopy with an Aintree catheter through the LMA[56] was unsuccessful for visualization of the glottic 
opening, and after numerous attempts, they decided to stop before there was trauma to the glottis. The OLHN surgeon inquired about awakening the patient and was told that, with the paralysis, it would be at least 20 minutes. Laryngoscopy 
with the Holinger by the OLHN surgeon revealed the glottic opening. An Eschmann stylet was placed, and 7.0-mm cuffed ETT was advanced without incident, and the position was confirmed with capnography. There were no adverse 
events related to airway management. The attending surgeon arrived at the operating room suite, was informed of the airway events, and thanked the operating room anesthesia team and the Airway Service.

Discussion

1.  As anesthesiologists become more facile with a variety of airway techniques and there are smoother transitions from plan A to plan B to plan C for successful airway management, surgical colleagues need to be reminded of their role in 
airway management at induction, extubation, and if an urgency/emergency arises during the case (specifically during regional or sedation anesthesia). In our institution, it is standard practice for the OLHN surgeon to be present at 
induction and extubation. It is not the practice of other surgical specialties, however, to be present in the operating room for induction and extubation. When a stat airway emergency arises in non-OLHN operating rooms, we have an 



otolaryngologist available for assistance. Our backup for the hospital-wide Airway Service is the in-house senior otolaryngology resident, with attending consultation as requested.
2.  Choice of anesthesia, specifically long-acting muscle relaxants, can mandate definitive airway management rather than the return to spontaneous ventilation.
3.  In the hands of an experienced practitioner, the Hollinger laryngoscope has a significant role in the management of difficult airway/intubations, as detailed in The ASA Difficult Airway Management Algorithm. [3] 

Case 8: Unanticipated Difficult Intubation, Failed RSI, Respiratory Compromise

The patient was a 50-year-old man who was seen in the operating room for a lumbar laminectomy. On physical examination, he was 6'2" and weighed 98 kg. He had a Mallampati II oral view, good mouth opening, and poor dentition. He had 
good neck range of motion. He had significant esophageal reflux, which was not well controlled. Medical history was significant for prior nasal surgery 1 year earlier with general anesthesia. The patient denied any history of difficult 
intubation. The anesthesiologist planned to proceed with general endotracheal anesthesia with a RSI.

The patient was brought to the operating room, monitors were applied, and the patient was preoxygenated with 100% oxygen for 5 minutes. With cricoid pressure applied, he was induced with sodium pentothal and succinylcholine. After 
verification of full paralysis, direct laryngoscopy with a MAC No. 4 was performed. There was visualization of the tip of the epiglottis only, and a Miller No. 3 was tried next, still with cricoid pressure. The glottis was not visualized, and the 
patient acutely desaturated into the low 70s. Mask ventilation with cricoid pressure was attempted, but failed. The anesthesiologist called a stat page and requested that the surgeon perform an emergency cricothyrotomy. The code cart and 
Adult Airway Emergency Cart were brought into the room by nursing staff and set up. The surgeon responded that he had not done one in years, at which time the anesthesiologist attempted to establish jet ventilation with an 18-gauge 
angiocatheter in the cricothyroid membrane. The patient was in cardiovascular and respiratory collapse, and cardiopulmonary resuscitation was initiated. Jet ventilation resulted in significant neck and face subcutaneous emphysema 
bilaterally. The anesthesiologist requested a scalpel and performed a cricothyrotomy and inserted a 5-mm cuffed ETT into the trachea. The Airway Service otolaryngologist arrived and assessed the situation. The patient was stable 
hemodynamically, and an arterial blood gas revealed normal acid/base status, with a CO2 of 40 mmHg and oxygen of 395 torr. He was, however, bleeding significantly from the cricothyrotomy site, and the ETT cuff was nonfunctional. In 
addition, the
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patient had marked subcutaneous emphysema. The otolaryngologist planned for emergent direct laryngoscopy with intubation orally, wound exploration, and possible revision of the tracheotomy.

The pharynx was examined with Dedo and Hollinger laryngoscopes. The trachea was examined, and an Eschmann stylet was placed, followed by intubation with a 7.5-mm cuffed ETT. The damaged ETT was removed from the 
cricothyrotomy site. The neck was prepared and draped in the standard fashion. The neck wound was explored, and hemostasis was achieved. The site of initial surgical airway was confirmed to be a cricothyrotomy. Given the size of the 
patient among other considerations, the otolaryngologist decided that the cricothyrotomy could be left as the definitive airway, given the anticipated short time frame required for a surgical airway. A No. 8 Shiley tracheostomy tube was then 
placed as the ETT was withdrawn from the mouth. The position was confirmed with end tidal CO2 . The patient was transferred to the intensive care unit in stable condition.

On postoperative day 2, the patient was decannulated without incident. He was recommended for and enrolled in the Medic Alert Difficult Airway/Intubation Registry. As was the practice for patients entered in the Registry, attempts to 
obtain all prior anesthesia/airway history were initiated. The patient authorized release of his medical record from his prior surgery at a neighboring institution, which clearly documented that he had been a difficult intubation then. When 
questioned about his knowledge and/or understanding of this, he replied that he had been informed by his anesthesiologist then but did not want the anesthesiologists here to "worry." He acknowledged the fact that during the preoperative 
interview, the anesthesiologist here had extensively questioned him about his prior anesthesia/surgery history.

Discussion

1.  The issue of "Who does the emergency surgical airway?" was not effectively communicated before the induction of general anesthesia. Although anesthesiologists assume that most surgeons are facile with surgical airways, this is not 
always the reality in an emergency situation. Although the introduction of percutaneous cricothyrotomy [51] into anesthesiologists' difficult airway algorithms was thought to address this issue, there are many complications related to its 
emergency use.[45] This has reinforced the prospective identification of a physician with expertise in surgical airways in the operating room and/or the ability to stat page/mobilize such a physician to the patient's bedside in the event of an 
emergency.

2.  Complications of jet ventilation include catheter kinks and subcutaneous emphysema.[43] On the basis of this experience, a swivel adaptor was attached to all jet ventilators ( Figure 8-31 ), and physicians were educated regarding the 
potential complications of jet ventilation. In addition, after a risk management conference, the role of jet ventilation in emergency airway management was recommended to be limited to be used as a bridge to emergent cricothyrotomy 
and to be performed by the most qualified person available.

3.  Precise documentation of this airway event, retrieval of medical records from the other institution, and patient-consented enrollment into the Medic Alert Difficult Airway/Intubation Registry supported the fact that the patient knew/had 
prior knowledge that he was/had been a difficulty airway/intubation. This documentation played a critical role in the dismissal of litigation.

4.  This was a landmark case for The Johns Hopkins Airway Management Initiative and facilitated hospital recognition of and financial support for the multidisciplinary Airway Service.

Case 9: Known Difficult Intubation Patient: Consequences of Failed Regional Anesthesia

The patient is a 41-year-old woman, who was seen in the operating room for a revision of a urinary diversion. Medical history was significant for numerous urologic procedures for chronic symptoms involving 

 
Figure 8-31 Jet ventilator with swivel adaptor to prevent catheter kinking. See Case 8. 



 

Figure 8-32 Emergency Therapy for Malignant Hyperthermia, side 1 and 2, Augustine Medical. 
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Chapter 9 - ALLERGY AND IMMUNOLOGY OF THE UPPER AIRWAY

Fuad M. Baroody 
Robert M. Naclerio 

INTRODUCTION

The importance of the immune system in health and disease has long been recognized. Not only does the immune system—with its diverse collection of pathogenic mechanisms—protect the organism from infectious microbes, but it also 
avoids responses that produce damage of self tissues. This basic property of the immune system relies on detecting structural features of the pathogens that are distinct from host cells. This host-pathogen discrimination is essential to 
eliminate the pathogen without excessive damage to self tissues.

The immune system is divided into the innate and adaptive systems. The adaptive immune system distinguishes itself from the innate system by the following features: specificity of antigen recognition, diversity of the antigen receptor 
repertoire, rapid clonal expansion, adaptiveness to the changing environment, and immunological memory. This chapter reviews the immune system and its various components and discusses the pathophysiology of immunoglobulin E (IgE)-
mediated allergic rhinitis.



INNATE AND ADAPTIVE IMMUNITY

Broadly defined, the innate immune system includes all aspects of the host defense mechanisms that are encoded in the germ-line genes of the host. These include barrier mechanisms, such as epithelial cell layers that express tight cell-cell 
contact, the secreted mucus layer that overlays the epithelium, and the epithelial cilia that sweep away this mucus layer, permitting it to be constantly refreshed after it has been contaminated with inhaled or ingested particles. The innate 
response also includes soluble proteins and small bioactive molecules that are either constitutively present in biological fluids (such as the complement proteins and defensins)[83] ,280 or released from activated cells (including cytokines, 
chemokines, lipid mediators of inflammation, and bioactive amines and enzymes that also contribute to tissue inflammation). Activated phagocytes (including neutrophils, monocytes, and macrophages) are also part of the innate immune 
system.

The skin is the most effective first line of defense of the innate immune system. Most infectious organisms cannot penetrate intact skin. Mucosal surfaces of the upper airway, on the other hand, are less resistant than the skin and are thus 
more frequent portals for offending pathogens. The innate immune system reduces that vulnerability by the presence of various physical and biochemical factors. A good example is the enzyme lysozyme, which is distributed widely in 
secretions and can split the cell walls of most bacteria. If an offending organism penetrates this first line of defense, bone marrow-derived phagocytic cells attempt to engulf and destroy it. Last, the innate immune system includes cell surface 
receptors that bind molecular patterns expressed on the surfaces of invading microbes.

Unlike the innate mechanisms of defense, the adaptive immune system manifests exquisite specificity for its target antigens. Adaptive responses are based primarily on the antigen-specific receptors expressed on the surfaces of T- and B-
lymphocytes. These antigen-specific receptors of the adaptive immune response are assembled by somatic rearrangement of germ line gene elements to form intact T-cell receptor (TCR) and B-cell antigen receptor genes. The assembly of 
antigen receptors from a collection of a few hundred germ line-encoded gene elements permits the formation of millions of different antigen receptors, each with a potentially unique specificity for a different antigen.

Because the recognition molecules used by the innate system are expressed broadly on a large number of cells, this system is poised to act rapidly after an invading pathogen is encountered. The second set of responses constitutes the 
adaptive immune response. Because the adaptive system is composed of
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small numbers of cells with specificity for any individual pathogen, the responding cells must proliferate after encountering the pathogen to attain sufficient numbers to mount an effective response against the microbe. Thus the adaptive 
response generally expresses itself temporally after the innate response in host defense. A key feature of the adaptive system is that it produces long-lived cells that persist in an apparently dormant state, but can re-express effector functions 
rapidly after repeated encounter with an antigen. This provides the adaptive response with immune memory, permitting it to contribute to a more effective host response against specific pathogens when they are encountered a second time, 
even decades after the initial sensitizing encounter.

The innate and adaptive immune systems are often described as contrasting separate arms of the immune response because they are fundamentally different in their mechanisms of action. However, they usually act together with the innate 
response representing the first line of host defense and the adaptive response becoming prominent after several days, as antigen specific B and T cells have undergone clonal expansion. Thus, the two systems act synergistically to provide a 
concerted immune response, the end result of which is to eliminate and control the invading pathogen.

SELF AND NONSELF

The essence of specific immunity is the ability to discriminate at the molecular level between self and nonself. This ability allows the immune system to attack and destroy potentially harmful microorganisms without simultaneously 
destroying the person infected by these agents, a process also known as self-tolerance. Failure of self-tolerance underlies the broad class of autoimmune diseases. This crucial function is mediated by the molecules determined by the human 
leukocyte antigen (HLA) complex. Initial study of the HLA system focused on the role of these antigens in determining the success of organ and tissue transplantation. The HLA complex and its homologues in other species were thus termed 
the major histocompatibility complex (MHC). In humans, the MHC occupies about 4000 Kilo Daltons (KD) of deoxyribonucleic acid (DNA) on the short arm of chromosome 6 and contains many genes that encode molecules for various 
functions. Among these molecules, a group of glycoproteins belonging to the immunoglobulin supergene family are present on the cell surface and play a major role in allowing the immune system to distinguish between self and nonself. 
These are MHC class I molecules (HLA-A, -B, and -C) and class II molecules (HLA-DR, -DQ, and -DP).

MHC class I molecules are present on the surface of most nucleated somatic cells. They are responsible for presenting endogenous antigens to cytotoxic T cells, allowing the recognition and elimination of virus-infected cells and cells 
containing autoantibodies. A class I molecule and an antigenic (e.g., viral) peptide are recognized as a complex by the TCR. When cytotoxic T-lymphocyte precursors recognize the combination of a particular foreign peptide and a particular 
class I molecule on a sensitizing cell, they proliferate and differentiate to become mature cytotoxic T-lymphocytes (CD8+ ). These mature lymphocytes recognize and kill only target cells that bear the same class I molecule and the same viral 
peptide as were present on the sensitizing cells. Cytotoxic T-lymphocyte killing is peptide-specific (lymphocytes will not lyse a target cell bearing the same class I molecule infected with a different virus). Cytotoxic T-lymphocyte killing is 
also class I restricted (lymphocytes will not lyse a cell bearing a different class I molecule infected with the same virus).

In contrast to class I molecules, MHC class II molecules are expressed primarily on immunocompetent antigen-presenting cells (APC), including macrophages, monocytes, dendritic cells, and B lymphocytes. Class II molecules can be up-
regulated by interferon (IFN)-γ, permitting these cells to present antigens to CD4+ cells at sites of inflammation. Class II molecules allow binding of peptides of 10 to 25 amino acids, and the bound peptide and the class II molecule constitute 
the ligand for the receptor on a CD4+ T lymphocyte (T-helper cell). Thus, just as class I molecules restrict the recognition of peptides by CD8+ T cells, class II molecules restrict the recognition of peptides by CD4+ T cells. Therefore, class II 
molecules are necessary for the presentation of exogenous antigen to T-helper cells.

CELLS OF THE IMMUNE SYSTEM

The human immune system consists of dispersed organs (spleen, thymus, lymph nodes) and of cells capable of moving from the bone marrow to the blood and the lymphatic system. An intact immune response includes contributions from 
many subsets of leukocytes. The different leukocyte subsets can be discriminated morphologically through the use of conventional histologic stains and, more accurately, by surface phenotype as defined by monoclonal antibody binding to 
registered differentiation antigens. These differentiation antigens are assigned cluster of differentiation (CD) numbers and updates are issued by the International Workshop on Human Leukocyte Differentiation Antigens (published at http://
www.ncbi.nlm.nih.gov.proxy.hsclib.sunysb.edu/prow).

The pluripotent stem cells, which are derived from the yolk sac and ultimately reside in the bone marrow, are the progenitor cells from which all cells of the
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immune system are derived ( Figure 9-1 ). These pluripotent stem cells give rise to lymphoid and myeloid stem cells. Lymphoid stem cells differentiate further into the three major populations: T cells, B cells, and natural killer (NK) cells. T 
cells are defined by their cell surface expression of the TCR, a transmembrane heterodimeric protein that binds processed antigen displayed by antigen processing cells (APC). B cells are phenotypically defined by their expression of the B 
cell receptor for antigen, membrane bound Ig. NK cells are defined morphologically as large granular lymphocytes. They are distinguished by their lack of either TCR or surface Ig. They recognize their virus-infected or tumor cell targets 
through the use of a complex collection of activating and inhibitory cell surface receptors.[172] Lymphocytes represent about 25% of leukocytes in the peripheral blood. The relative 

 
Figure 9-1 The development of the various cells that are important in the immune response from their pluripotent stem cell origin to their final stages of maturation. 

 

Figure 9-2 Antigen processing and presentation. Antigen undergoes hydrolytic cleavage within antigen-presenting cells, and the resultant oligopeptides are loaded on antigen-binding grooves of major histocompatibility complex molecules 
and expressed at the cell surface. 

 

Figure 9-3 Summary of the cell-mediated immune response showing the events that follow exposure to an immunogen and the role of the T-helper cell in orchestrating these events. (From Stites DP, Terr Al, editors: Basic and clinical 
immunology, ed 7. Norwalk, CT, Appleton & Lange, 1991.) 



 

Figure 9-4 Immunoglobulin structure. Human immunoglobulin G1 is a representative example of immunoglobulin structure. H=heavy chains, L=light chains, V=variable regions, C=constant regions. Dark circles represent carbohydrate 
residues between the CH 2 domains. (From Wright A, Shin SU, Morrison SL: Genetically engineered antibodies: progress and prospects, Crit Rev Immunol 12:125, 1992, Copyright CRC Press.) 

 

Figure 9-5 Complement system. The three pathways of the complement system are illustrated. Please refer to the text for a description of the functions of the complement system. 



 

TABLE 9-1 -- TYPES OF CYTOKINES

Cytokine Cell Sources Predominant Effects

Hematopoietin family   

Epo (erythropoietin) Kidney cells, hepatocytes Stimulates erythroid progenitors

••IL-2 T cells T-cell proliferation

••IL-3 T cells, thymic epithelial cells Synergistic action in early hematopoiesis

••IL-4 T cells, mast cells B-cell activation, IgE switch, suppresses TH1 cells

••IL-5 T cells, mast cells Eosinophil growth and differentiation

••IL-6 T cells, macrophages, endothelial cells T- and B-cell growth and differentiation, acute phase protein production, fever

••IL-7 Non-T cells Growth of pre-B cells and pre-T cells

••IL-9 T cells Mast cell-enhancing activity, stimulates TH2

••IL-11 Stromal fibroblasts Synergistic action with IL-3 and IL-4 in hematopoiesis

••IL-13 T cells B-cell growth and differentiation, IgE switch, inhibits macrophage inflammatory cytokine 
production and TH1 cells

••G-CSF Fibroblasts and monocytes Stimulates neutrophil development and differentiation

••IL-15 Many non-T cells Stimulates growth of intestinal epithelium, T cells, and NK cells

••GM-CSF Macrophages, T cells Stimulates growth and differentiation of myelomonocytic lineage cells, particularly dendritic cells

••OSM T cells, macrophages Stimulates Kaposi's sarcoma cells, inhibits melanoma growth

••LIF Bone marrow stroma, fibroblasts Maintains embryonic stem cells, like IL-6, IL-11, OSM

Interferon Family   

••IFN-γ T cells, NK cells Macrophage activation, increased expression of MHC molecules and antigen presenting 
components, Ig class switching, suppresses TH2

••IFN-α Leukocytes Antiviral, increased MHC class I expression

••IFN-β Fibroblasts Antiviral, increased MHC class I expression

TNF Family   

••TNF-α Macrophages, NK cells, T cells Local inflammation, endothelial activation

••TNF-β T cells, B cells Killing, endothelial activation

••LT-β T cells, B cells Lymph node development

••CD40 ligand T cells, mast cells B-cell activation, class switching



••Fas ligand T cells Apoptosis, Ca-independent cytotoxicity

••CD27 ligand T cells Stimulates T cell proliferation

••CD30 ligand T cells Stimulates T and B cell proliferation

••4-1BBL T cells Co-stimulates T and B cells

••Trail T cells, monocytes Apoptosis of activated T cells and tumor cells

••OPG-L Osteoblasts, T cells Stimulates osteoclasts and bone resorption

Unassigned Cytokines   

••TGF-β Chondrocytes, monocytes, T cells Inhibits cell growth, anti-inflammatory, induces IgA secretion by B cells

••IL-1α Macrophages, epithelial cells Fever, T-cell, and macrophage activation

••IL-1β Macrophages, epithelial cells Fever, T-cell and macrophage activation

••IL-1 RA Monocytes, macrophages, neutrophils, hepatocytes Natural IL-1 function antagonist

••IL-10 T cells, macrophages, EBV-transformed B cells Potent suppressant of macrophage functions

••IL-12 B cells, macrophages Activates NK cells, induces CD4 T-cell differentiation to TH1-like cells

••MIF T cells, pituitary cells Inhibits macrophage migration, stimulates macrophage activation, induces steroid resistance

••IL-16 T cells, mast cells, eosinophils Chemoattractant for CD4 T cells, monocytes, and eosinophils, antiapoptotic for IL-2-stimulated T 
cells

••IL-17 CD4 memory cells Induces cytokine production by epithelial and endothelial cells, and fibroblasts

••IL-18 Activated macrophages and Kupffer cells Induces IFN-γ production by T cells and NK cells, favors TH1 induction and later TH2 responses
 
majority of these chemokines are contained in these two families. Chemokines of the C family lack the first and third cysteine, containing a single cysteine residue in the conserved position. Members of the CX3C have the two N-terminal 
cysteine residues separated by three variable amino acids. The C and CX3C families are small, with one or fewer members per family. Table 9-2 lists the new systematic name of these chemokines, as well as their common names and their 
target cells.

Phagocytes

The phagocytic system consists of circulating and fixed cells. Monocytes and granulocytes circulate, whereas Kupffer's cells, macrophages, and brain microglial cells remain fixed. Migration of phagocytic cells can occur
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TABLE 9-2 -- TYPES OF CHEMOKINES

Systematic Name Common Name-Ligand Target Cell(s)

CXC Family   

••CXCL1 GROα/MGSAα Neutrophil

••CXCL2 GROβ/MGSAβ Neutrophil

••CXCL3 GROg/MGSAg Neutrophil

••CXCL4 PF4 Fibroblast

••CXCL5 ENA-78 Neutrophil

••CXCL6 GCP-2 Neutrophil

••CXCL7 NAP-2 Neutrophil

••CXCL8 IL-8 Neutrophil, basophil, T cell

••CXCL9 Mig Activated T cell

••CXCL10 IP-10 Activated T cell

••CXCL11 I-TAC Activated T cell

••CXCL12 SDF-1a/b CD34+ bone marrow cell, T cell, dendritic cell, B cell, activated CD4 cell

••CXCL13 BCA-1 Naïve B cell, activated CD4 cell

••CXCL14 BRAK-boekine  



••CXCL15 Unknown  

••CXCL16 Unknown T cell, NK T cell

CC Family   

••CCL1 I-309 Neutrophil, T cell

••CCL2 MCP-1/MCAF/TDCF T cell, monocyte, basophil

••CCL3 MIP-1α/LD78α Monocyte, macrophage, T cell, NK cell, basophil

••CCL3L1 LD78β  

••CCL4 MIP-1β Monocyte, macrophage, T cell, NK cell, basophil

••CCL5 RANTES Monocyte, macrophage, T cell, NK cell, basophil, eosinophil, dendritic cell

••CCL6 Unknown  

••CCL7 MCP-3 T cell, Monocyte, eosinophil, basophil, dendritic cell

••CCL8 MCP-2 T cell, monocyte, eosinophil, basophil

••CCL9/10 Unknown  

••CCL11 Eotaxin Eosinophil

••CCL12 Unknown  

••CCL13 MCP-4 T cell, monocyte, eosinophil, basophil, dendritic cell

••CCL14 HCC-1 Monocyte

••CCL15 HCC-2/Lkn-1/MIP-1δ T cell, monocyte, dendritic cell

••CCL16 HCC-4/LEC/LCC-1 Monocyte

••CCL17 TARC T cell, immature dendritic cell, T cell, thymocyte

••CCL18 DC-CK1/PARC/AMAC-1 Naïve T cell, T cell

••CCL19 MIP-3b/ELC/exodus-3 Naïve T cell, mature dendritic cell, B cell

••CCL20 MIP-3a/LARC/exodus-1 T cell, bone marrow dendritic cell

••CCL21 6Ckine/SLC/exodus-2 Naïve T cell, B cell

••CCL22 MDC/STCP-1 Immature dendritic cell, T cell

••CCL23 MPIF-1/CKβ8/CKβ8-1 Monocyte, T cell

••CCL24 Eotaxin-2/MPIF-2 Eosinophil, basophil

••CCL25 TECK Macrophage, thymocyte, dendritic cell

••CCL26 Eotaxin-3  

••CCL27 CTACK/ILC T cell

••CCL28 MEC T cell, eosinophil

C and CXC3C Families   

••XCL1 Lymphotactin/SCM1α/ATAC T cell, NK cell

••XCL2 SCM-1β  

••CXC3C Family   

••CXC3CL1 Fracktalkine T cell, monocyte

GRO, growth related oncogene; MGSA, melanoma growth stimulatory activity; PF, platelet factor; ENA, epithelial neutrophil activating; GCP, granulocyte chemotactic protein; NAP, neutrophil-activating peptide; Mig, monokine-induced 
by IFN-γ; IP, IFN-γ inducible protein; I-TAC, IFN-inducible T-cell α chemoattractant; SDF-1, stromal cell-derived factor 1; BCA, B-cell attracting chemokine; BRAK, breast and kidney-expressed chemokine; SCM, single C motif; ATAC, 
activation-induced; chemokine-related molecule; I-309, a nameless human chemokine; MCP, monocyte chemoattractant protein; MCAF, monocyte chemotactic and activating factor; TDCF, tumor-derived chemotactic factor; MIP, 
macrophage inflammatory protein; LD78, macrophage inflammatory protein -1; RANTES, regulated upon activation; normal T cell expressed and secreted; HCC, human CC chemokine; Lkn, leukotactin; LEC, liver-expressed chemokine; 
TARC, thymus- and activation-regulated chemokine; DC-CK1, dendritic cell-derived CC chemokine; PARC, pulmonary and activation-regulated chemokine; AMAC, alternative macrophage activation-associated CC chemokine; ELC, EBL-
1 ligand chemokine; LARC, liver- and activation-regulated chemokine; SLC, secondary lymphoid tissue chemokine; MDC, macrophage-derived chemokine; STCP, stimulated T-cell chemoattractant protein; MPIF, myeloid progenitor 
inhibitory factor; CK, chemokine; TECK, thymus-expressed chemokine; CTACK, cutaneous T cell-activating chemokine; ILC, IL-11 receptor alpha-locus chemokine; MEC, mucosae-associated epithelial chemokine.
 
randomly or in response to a directed signal, a process known as chemotaxis. Substances with chemotactic properties include complement and bacterial products. Once attracted to a particular site, phagocytes engulf foreign material. 
Phagocytic cells use a variety of Fc receptors and complement receptors to enhance uptake of particles that have been marked by the adaptive and innate immune systems for destruction. Phagocytosis is facilitated by opsonization, which 



coats foreign material with antibodies. After phagocytosis, an intracellular vacuole forms around the foreign material and lysosomal enzymes released into the vacuole destroy the foreign invader.

IMMUNOPATHOLOGY

The two major effector arms of the adaptive immune response are humoral and cellular. In the defense against infections, antibodies are operative against bacteria or bacterial products; cell-mediated immunity operates primarily against viral, 
fungal, and mycotic infections. With few exceptions, antibody-mediated immune mechanisms work best when directed to extracellular infections, whereas cell-mediated immunity is effective against intracellular infections. The killing 
effects of immune reactions are extremely efficient, and when specifically directed, can eliminate many organisms quickly. However, these same immune mechanisms may cause host-tissue destruction and therefore lead to disease states. 
This destructive effect of immune reactions is termed allergy or hypersensitivity and is considered an immunopathologic reaction.

For several years, these reactions were divided into four types according to the Gell and Coombs classification proposed in 1963[96] : type I, immediate hypersensitivity (IgE mediated); type II, cytotoxic reactions (IgG, IgM mediated); type III, 
immune complex reactions (IgG, IgM complex mediated); and type IV, delayed hypersensitivity reactions (T-cell mediated). The division of these immune reactions into neat categories, although easy to comprehend, is oversimplified. For 
example, allergic reactions are classified as IgE-mediated, type I immunopathologic responses but involve all components of the immune system.

Type I Mast Cell-Mediated Reactions

Possibly as a remnant of host defense mechanisms to parasites, [234] [273] the immediate hypersensitivity reaction uses the release of mast cell or basophil mediators to create immediate and delayed (4–8 hours) responses to sensitizing allergens. 
These reactions can be IgE-dependent (anaphylactic) or IgE-independent (anaphylactoid). In anaphylaxis, allergen-specific IgE antibody attaches to IgE receptors on mast cells. On reexposure to allergen, a clinical reaction is initiated, such 
as anaphylaxis to penicillins. An example of an IgE-independent reaction is sensitivity to iodide contrast media.
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Type II Antibody-Mediated Reactions

Type II antibody (non-IgE)-mediated immune reactions involve IgG and IgM antibodies binding to antigens on the surface of target cells (e.g., erythrocytes, neutrophils, platelets, and epithelial cells of glandular or mucosal surfaces) or to 
antigens on tissues such as basement membranes. The sensitizing antigens in these cases can be natural cell-surface antigens, modified cell-surface antigens, or haptens attached to cell surfaces. This interaction between IgG and IgM 
antibodies and cell-surface antigens leads to destruction of these cells by one of three mechanisms: opsonization, complement activation, and cell lysis and ADCC. These mechanisms afford protection against infections and eradication of 
malignant cells, but can also damage self antigens in various tissues.

One example occurs when penicillin binds to the surfaces of erythrocytes, creating a nonself antigen composed of penicillin-modified erythrocyte cell surfaces. [205] Antipenicilloyl antibodies, initially IgM and later IgG, fix to these surfaces 
and concomitantly activate complement, leading to the lysis of the cell by penetration of the terminal hydrophobic complement components, C7 to C9. Clinically, this condition is known as penicillin-induced autoimmune hemolytic anemia.

Type III Immune Complex-Mediated Reactions

Type III reactions are similar to type II reactions in that they involve antibody-mediated inflammation. However, in type III reactions, the antibody and its antigen form low-solubility immune complexes, which are deposited in normal 
tissues and precipitate an immune response. These immune complexes are usually deposited around the basement membranes of vessels with a high plasma outflow. They activate complement and set off an inflammatory response 
characterized primarily by neutrophil influx, which inflicts tissue injury. Knowledge of this immunologic disease became widespread in the early 1900s, when physicians began using immune animal sera, usually equine sera, to treat bacterial 
infections, which led to serious illness and even death of the treated subjects.[135] Immune complexes of antibody (IgM or IgG) and antigen, activated complement components, and neutrophil chemotaxis are important participants in this 
hypersensitivity reaction, which is better known as serum sickness. Immune complex vasculitis in the skin can also occur in a series of clinical conditions, such as systemic lupus erythematosus, rheumatoid arthritis, drug reactions, and 
infections.

Type IV Cell-Mediated Reactions

This category of the classic hypersensitivity reactions is caused by antibody-independent mechanisms involving T cells or NK cells. These reactions are the pathologic variants of a normal T-cell-mediated immune response in which the T-
cell response to an environmental antigen becomes exaggerated. The typical type IV immune response is the delayed hypersensitivity reaction caused by sensitized T cells, in particular the CD4+ (helper) cell population. A clinical example of 
such a reaction is the cutaneous reaction to challenge with the PPD of M. tuberculosis in previously infected or vaccinated patients.

Although the focus is on delayed hypersensitivity reactions involving the skin and sensitizing antigens, other reactions involving other organ systems and target antigens are known. Examples of such reactions are the T-cell infiltration of 
tumor beds and the T-cell infiltration of blood vessels and alveoli in chronic asthma. Some type IV hypersensitivity responses are also mediated by CD8+ T cells and NK cells. In contrast to the neutrophilic infiltration of the tissues in type III 
reactions, the cell infiltrate in type IV reactions is dominated by lymphocytes, monocytes, and macrophages.

HYGIENE HYPOTHESIS

Epidemiologic data provide strong evidence of a steady rise in the incidence of allergic (asthma,[277] rhinitis, [258] and atopic dermatitis[275] ) and autoimmune diseases (multiple sclerosis,[209] insulin-dependent diabetes mellitus,[81] and Crohn's disease
[248] ) in developed countries since the beginning of the 1970s. Concomitantly, an obvious decrease in the incidence of many infectious diseases in developed countries has occurred as a result of antibiotics, vaccination, or more simply 
improved hygiene and better socioeconomic conditions. A hypothesis has thus emerged that the decrease in infectious diseases is causally linked to the increase in the incidence of allergic and autoimmune diseases, the "hygiene hypothesis." 
This is not a new concept as Leibowitz and others, suggested in 1966[149] that the risk of multiple sclerosis is increased among persons who spent their childhood in a home with a high level of sanitation. Almost 20 years later, Strachan 
observed that the risk of allergic rhinitis was inversely linked to birth order and the size of the family.[246] He proposed that infections within households in early childhood have a role in preventing allergic rhinitis.

The geographical distribution of allergic and autoimmune diseases in the world also shows interesting patterns. The incidence of disease decreases from north to south in the Northern Hemisphere and reciprocally from south to north in the 
Southern Hemisphere. Under diagnosis of allergic and autoimmune diseases in underdeveloped countries could explain these geographical differences, but this is not likely. Although this explanation might be proposed
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for allergic rhinitis and atopic dermatitis, relatively benign diseases, it is not likely to apply to type I diabetes and multiple sclerosis, which lead to significant symptoms and are not likely to go undiagnosed. Environment seems to play an 
important role in this gradient. This is well illustrated by the fact that the rate of development of type I diabetes among the children of Pakistanis who migrated to the United Kingdom is the same as the rate among nonimmigrants in that 
country and about 10 times as high as the incidence of type I diabetes in Pakistan.[41] [244] An obvious factor in the north-south gradient is socioeconomic differences. Several studies have found a lower frequency of immunologic diseases in 
populations with a low socioeconomic status. Some infections have been found to be distributed according to a south-north gradient in European countries that mirrors the gradient for autoimmune diseases. Low socioeconomic levels and 
high temperatures, two common features of southern countries, may predispose to infections in a number of ways: less stringent control of microbial contamination of water and food, an increased risk of bacterial proliferation with higher 
ambient temperatures, and poorer housing conditions may all affect the risk of contamination between persons.

When infections are an incriminating factor, they often occur in childhood. In Yorkshire, a case-control study demonstrated an inverse correlation between the incidence of type I diabetes and the degree of social mixing, including day-care 
attendance and the number of infections that occur before 1 year of age. [165] Furthermore, young children with older brothers and sisters at home and those who attend a day-care center during the first 6 months of life subsequently have a 
lower incidence of asthma[15] and type I diabetes[165] than children who do not attend a day-care center and have no older siblings.

The administration of antibiotics to children has been suspected to increase the risk of asthma and allergy. Droste and others observed that the use of antibiotics in the first year of life increased the risk of asthma or other allergic diseases in 
children with a genetic predisposition to atopy.[71] Antibiotics might act by decreasing the number of infections or by modifying intestinal flora.

Differences in disease incidence between urban and suburban dwellers have been observed, and factors other than air pollution have been implicated. In 1999, Braun-Fahrländer and colleagues found that children whose parents were farmers 
and who lived on the farm were less likely to become allergic than children from the same rural region who were not raised on a farm.[47] Another study confirmed these findings and showed that allergies were less frequent when the children 
were exposed early and for a prolonged period to farm animals and cow's milk.[216] An inverse correlation between endotoxin levels in bedding and the incidence of atopic diseases among children living in rural areas was also found, 
suggesting that a subject's environmental exposure to endotoxin may have a crucial role in the development of tolerance to ubiquitous allergens found in natural environments.[48] 

Animal studies support the above epidemiologic observations, because autoimmune diseases in susceptible strains of mice or rats develop earlier and at a higher rate among animals bred in a specific pathogen-free environment than among 
animals bred in a conventional environment. The same has been observed relating to allergic diseases. Administration of Mycobacterium bovis and M. vaccae can attenuate the late-phase response, airway hyperresponsiveness, and 
bronchoalveolar lavage eosinophilia in a mouse model of bronchial asthma.[120] 

Several mechanisms might explain these relationships. The development of most autoimmune diseases depends on the TH1 cytokines IL-2 and IFN-γ, whereas the development of allergic diseases requires the TH2 cytokines IL-4 and IL-5. 
Initial reports that suggested an inverse relationship between the incidence of autoimmune and allergic diseases[253] led to speculation that the reciprocal down-regulation of TH1 cytokines by TH2 cytokines, and the reverse, might account for 
these observations. However more recent evidence supports an association between the incidence of allergic and autoimmune diseases.[131] [238] These observations would fit with the concept of common mechanisms underlying infection-
mediated protection against autoimmunity and allergy.

Another potential mechanism involves regulatory T cells and cytokines. The decrease in antigenic stimulation related to the decreased frequency of childhood infections has resulted in a decrease in the levels of regulatory cytokines, 
specifically IL-10, and possible transforming growth factor-β (TGF-β). CD25+ T cells and other regulatory T cells produce these two cytokines which, in turn, act to down-regulate both TH1 and TH2-mediated responses. Data from humans 
and animal models tend to support the concept that infectious agents stimulate the production of regulatory cells whose effects extend beyond the responses to the invading microbe. [11] [269] IL-10 and TGF-β, which may be produced by CD25+ 
and other regulatory T cells,[105] can inhibit both TH1 and TH2 responses, and thus are plausible candidates as mediators of the inverse relationship between infections on the one hand and allergic and autoimmune diseases on the other.
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Another hypothesized mechanism relates to stimulation of the innate immune system by viruses and bacteria and their components (such as endotoxin), which may be important in the ontogeny of the normal immune system. This is likely to 
be mediated by TLRs, which are receptors for various bacterial components. When TLRs bind to bacterial ligands, they stimulate mononuclear cells to produce cytokines, some of which could down-regulate allergic and autoimmune 
responses.

Another interesting observation relates to the presence of pets in the house and the risk of asthma. Farm animals have not been common in big European and American cities, but domestic pets are extremely common. They are a prolific 
source of allergen, and sensitization to these allergens is strongly associated with asthma.[158] Reports from Europe suggest that the presence of a cat in the home decreases the risk of sensitization to cat allergens. [218] Because of studies that 
suggest that the same effect occurs in countries where domestic animals are equally common in the homes of families with a history of asthma as in the homes of families without such history, the initially proposed explanation that this effect 
could be secondary to decisions by families with allergic disease not to have pets is unlikely. Ownby, Johnson, and Peterson strengthened these initial observations.[196] They report that children in a birth cohort raised in a house with two or 
more dogs or cats in the first year of life have not only less allergic sensitization to dog and cat as determined by skin prick tests and allergen specific IgE levels, but also less sensitization to allergens in general at age 6 to 7 years. Because 
domestic animals can be a source of endotoxin, this finding suggests the possibility that the effects of pets as described by Ownby, Johnson, and Peterson in the United States could be comparable to that of cows and farm animals in Europe. 
Mechanisms similar to those discussed earlier in this chapter involving regulatory T cells and inhibitory cytokines are being investigated to explain these findings.

Therefore, the interesting relationships between infections and immune mediated diseases, such as allergic and autoimmune diseases, and between early exposure to some allergens and the lowered risk of future allergic sensitization, 
potentially create new therapeutic strategies. The challenge will be to elucidate the responsible immune mechanisms involved and to determine the extent of exposure that will ensure safety and the desired outcome—the development of 
healthy children with a very low risk of allergic and autoimmune disease.

PATHOPHYSIOLOGY OF ALLERGIC RHINITIS

Allergic rhinitis, defined as a clinical hypersensitivity of the nasal mucosa to foreign substances mediated through IgE antibodies, affects millions of Americans and is encountered frequently by the otolaryngologist. This IgE-dependent 
disease involves more than a mast cell-mediated reaction. The pathophysiologic events involve interactions of the multiple components of the immune response.

Sensitization and Immunoglobulin E Production



During the initial stage of the disease, low-dose exposure leads to the production of specific IgE antibodies. Antigen that is deposited on the nasal mucosa is engulfed by APC (macrophages, dendritic cells, Langerhans cells) and partially 
degraded within their phagolysosomes. Portions of the antigen are then exteriorized on the surfaces of APC and are recognized by T-helper cells and class II MHC molecules. IL-1-activated T-helper cells then secrete cytokines, which 
promote the growth and differentiation of other cells involved in the immune response.

TH2 CD4+ cells are thought to be an important contributor to allergic reactions. They secrete the cytokines IL-4 and IL-5. IL-4 promotes B-cell isotype switching to the production of IgE.[66] Increased production of IL-4 by peripheral blood 
mononuclear cells has been associated with high serum IgE levels[95] whereas IFN-γ (secreted by TH1 cells) has the opposite effect.[198] The importance of TH2 cells and IL-4 is further supported by the preferential release of TH2 cytokines 
from allergen-specific T-cell clones of atopic donors.[197] Durham and others, using in situ hybridization, found the message for IL-4 in nasal biopsy specimens of patients with allergic rhinitis 24 hours after provocation with an allergen.[73] 

Antigen-specific IgE then attaches to high-affinity receptors on mast cells and basophils and to low-affinity receptors on other cells, thereby sensitizing the nasal mucosa. On subsequent exposure to the offending allergen, the IgE antibodies 
on the surface of these cells serve as receptors for the antigen molecules. Cross-linking of adjacent IgE molecules on mast cells leads to the release of inflammatory mediators that stimulate nerves, glands, and blood vessels to cause the 
clinical manifestations of the disease, namely sneezing, pruritus, rhinorrhea, and nasal obstruction. These events are known as the early allergic response.

Early Response to Antigen

Within minutes after exposure of an allergic patient to antigen, an inflammatory response occurs. The patient first senses tingling and pruritus, followed by sneezing, rhinorrhea, and, last, nasal congestion. These subjective feelings correlate 
with physiologic changes that are measured after antigen provocation, such as increases in nasal secretions and nasal airway
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resistance (NAR).[22] In addition to these physiologic changes, increases are noted in the levels of mediators such as histamine,[183] kinins, tryptase,[56] prostaglandin D2 (PGD2 ),[31] leukotriene C4 (LTC4 ),[62] leukotriene B4 (LTB4 ),[84] MBP,[28] and 
platelet-activating factor (PAF).[168] Histamine and tryptase are found in mast cell granules, and their detection in nasal secretions after antigen provocation provides support for mast cell degranulation during the nasal allergic reaction. PGD2 , 
a newly synthesized mediator of the cyclooxygenase pathway, is also secreted by mast cells. Direct evidence for the role of nasal mast cells in the immediate allergic reaction was provided by Gomez and others, who biopsied the nasal 
mucosa in allergic patients 20 minutes after provocation with antigen and found them degranulated.[98] 

Neuronal Contribution

Sneezing and itching during the early response to allergen provocation involve the nervous system. Konno and Togawa[137] and others[25] [213] showed the importance of neural reflexes in patients with allergic rhinitis when stimulation of one nasal 
cavity with histamine led to bilateral nasal secretions. Unilateral intranasal challenge with antigen in patients with allergic rhinitis led to an increase in sneezes, rhinorrhea, nasal secretions, histamine, NAR,[24] and PGD2 [214] [265] on the side of 
challenge. Contralateral to the challenge, rhinorrhea, secretion weights, and PGD2 increased significantly.[265] The contralateral secretory response was rich in the glandular markers lactoferrin and lysozyme[214] and was inhibited by atropine, an 
anticholinergic,[25] suggesting that the efferent limb was cholinergically mediated. The muscarinic receptors that mediate the actions of acetylcholine in the nasal mucosa have been characterized pharmacologically in human inferior turbinates.
[192] These studies showed the presence of muscarinic (M1 ) and M3 receptor subtypes with 45% of the total receptors being M1 . High densities of M1 and M3 receptors coexisted in submucosal glands; M3 receptors predominated in vessels, and 
M2 receptors were not found.

Several neuropeptides—in addition to sympathetic and parasympathetic nerves and their transmitters—are found in the nasal mucosa. These neuropeptides are secreted by unmyelinated nociceptive C fibers [tachykinins, calcitonin gene-
related peptide (CGRP), neurokinin (NKA), gastrin-releasing peptide], parasympathetic nerve endings [vasoactive intestinal peptide (VIP), peptide histidine methionine], and sympathetic nerve endings (neuropeptide Y). Substance P (SP), a 
member of the tachykinin family, is often found as a CO transmitter with NKA and CGRP; it has been found in high density in arterial vessels and, to some extent, in veins, gland acini, and epithelium.[19] Several studies support the concept 
that neuronal mechanisms mediated by these peptides amplify the inflammatory allergic reaction. Nasal provocation with neuropeptide Y, a 36-amino acid peptide co-localized with norepinephrine in sympathetic fibers, increases the 
expression of ICAM-1.[247] Nasal challenge with SP induces few changes in healthy patients, but leads to a modest increase in vascular permeability, NAR, and eosinophil and neutrophil chemotaxis in rhinitics.[51] [226] In an in vitro study, 
Okamoto and others incubated nasal biopsy specimens of patients with perennial rhinitis and non-allergic rhinitis with SP or mite allergen.[191] SP and allergen challenge resulted in significant increases in mRNA for IL-1β, IL-2, IL-3, IL-4, IL-
5, IL-6, TNF-α, and IFN-γ in nasal biopsy specimens of allergic patients. These increases were blocked by an SP antagonist. Because these cytokines are important in allergic reactions, this study supports the importance of SP as a 
proinflammatory neuropeptide. VIP stimulates serous cell secretion,[20] dilates nasal vessels, [159] and regulates mucociliary clearance in dogs. [185] 

Mosimann and others challenged allergic rhinitis patients with histamine and antigen and measured levels of neuropeptides in recovered nasal washes. [176] Only VIP increased above baseline after histamine challenge; levels of SP, CGRP, and 
VIP increased significantly immediately after antigen challenge and returned to baseline within 2 hours. In patients who experienced a late reaction, only SP increased slightly.

These experiments suggest that neuropeptides are released in vivo in humans after allergen challenge and might be partly responsible for symptoms of the allergic reaction. Furthermore, the recovery of VIP after histamine challenge suggests 
that histamine-induced cholinergic reflexes induce the release of VIP.

Repetitive application of capsaicin, the essence of chili peppers, releases SP and CGRP from sensory nerves and initiates both central and axonal reflexes. [118] Capsaicin causes a burning sensation and profuse bilateral rhinorrhea when applied 
to one side of the nasal cavity, and repeated administration causes tachyphylaxis.[27] [204] Unlike its effects in rodents, the capsaicin-induced nasal secretory response in humans is glandular and not caused by increased vascular permeability.[207] 
Capsaicin challenge caused significant increases in leukocyte counts from the pre-challenge baseline at 10 minutes, 30 minutes, and 4 hours after challenge, with no difference between rhinitic and healthy subjects.[206] The rise in the number of 
inflammatory cells represented significant increases in neutrophils, eosinophils, and mononuclear cells, supporting a nonspecific inflammatory effect of sensory nerve activation.
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The neuropeptide-depleting property of capsaicin decreased symptoms of nonallergic chronic rhinitis.[140] Lacroix and others showed that the decrease in symptoms of these patients correlated with a significant decrease in CGRP in the nasal 
mucosa.[140] Furthermore, capsaicin desensitization reduces sneezing in response to antigen and histamine challenges. [136] Therefore, several experimental findings point to the importance of the participation of neurogenic elements to the 



allergic response, including the presence of nasonasal reflexes after nasal antigen provocation, the presence of neuropeptides in nasal tissues and their recovery in nasal secretions after antigen challenge, the ability of these peptides to 
produce symptoms and inflammatory responses similar to those obtained after exposure to antigen, and finally, the clinical efficacy of capsaicin, which depletes the stores of these substances. More specific delineation of the role of each of 
these substances awaits the development of specific antagonists.

The early reaction to allergen challenge with the release of mast cell mediators results in increased symptoms. However, these changes are measured in minutes, in contrast to clinical disease in which symptoms last for hours after exposure 
to allergen. Furthermore, other discrepancies exist between the early reaction and clinical disease, such as the chronic inflammation and hyperresponsiveness seen in allergic patients during the allergy season, and the lack of inhibition of the 
early response by systemic corticosteroids that are effective in the treatment of allergic rhinitis. Therefore, the early response does not mimic all aspects of clinical disease, and investigations have evaluated the events that occur hours after 
antigen exposure.

Late Response to Antigen

Hours after antigen challenge, some patients experience a recurrence of symptoms, most notably nasal congestion. This is termed the late response. Several investigators have documented elevations in NAR 4 to 10 hours after antigen 
challenge, with a peak around 6 hours and resolution by 24 hours.[75] [201] After nasal challenge with antigen, the early rise in mediators as part of the early reaction was followed by a recurrence of symptoms and increases in the levels of 
histamine, tosyl-L-arginine methyl ester (TAME)-esterase, and kinins, but not PGD2 .[181] Other mediators, including eosinophil products, have also been detected.[28] The peak and pattern of mediator production during the late phase varied 
among patients.

Levels of nitric oxide (NO) have been detected in exhaled air during nasal and oral breathing in patients with seasonal allergic rhinitis and in healthy subjects.[163] Concentrations of nasally exhaled NO were significantly higher in the allergic 
patients than in the healthy subjects, suggesting a role for this mediator in the pathophysiology of allergic rhinitis. Nitric oxide is synthesized from L-arginine in various cell types by the action of NO synthases, including the constitutive 
forms of nitric oxide synthase in vascular endothelial cells (type III nitric oxide synthase) and neurons (type I nitric oxide synthase) and the inducible form (type II nitric oxide synthase) induced by cytokines in macrophages, neutrophils, 
mast cells, smooth muscle cells, and fibroblasts. NO has vasodilatory and antimicrobial properties, and its increased production in the nose could contribute to nasal obstruction and plasma protein extravasation in allergic disease.

Type III nitric oxide synthase immunoreactivity and mRNA were observed in endothelial cells, surface epithelium, and submucosal glands; type II nitric oxide synthase immunoreactivity was less intense and was observed in surface 
epithelium, vascular endothelial and smooth muscle cells, submucosal glands, and inflammatory cells, and mRNA for type II nitric oxide synthase was localized mainly to inflammatory cells.[88] Type II nitric oxide synthase immunoreactivity 
was more intense in the specimens with more severe inflammatory changes and correlated with the extent of inflammation. Bacci and others reported on the presence of neuronal nitric oxide synthase immunoreactivity in mast cell granules in 
biopsy specimens of normal nasal mucosa from four patients undergoing rhinoplasties. [13] These studies support the presence of nitric oxide synthase in the nasal mucosa and suggest a possible role for NO in the pathophysiology of nasal 
diseases, including allergic rhinitis.

To investigate the role of the neuronal contribution to the late nasal allergic reaction, levels of histamine in nasal secretions were measured hourly, for 10 hours, after allergen provocations from the site of challenge and from the contralateral 
nostril.[264] Histamine release occurred at the site of challenge during the early response and hours after allergen provocation. On the contralateral side of challenge, histamine production showed no significant increase during the early phase 
but significant increase in histamine (compared with challenge in healthy subjects) during the late phase. In another group of subjects, an influx of basophils to the contralateral nasal cavity occurred 24 hours after provocation with allergen 
but not after control challenge. These studies suggest a neuronal contribution to the late inflammatory response.

Cellular Events

Along with the physiologic changes and inflammatory mediator production that occur hours after antigen provocation, inflammatory cellular influx occurs in the nasal mucosa and in recovered nasal secretions after experimental provocation 
and in seasonally exposed
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patients. A slight initial increase in eosinophils in nasal secretions occurred within 1 to 2 hours of challenge and was followed by a peak 6 to 8 hours later.[26] MBP, a mediator secreted by eosinophils, was also recovered in nasal lavages hours 
after antigen provocation, and its levels correlated with the number of eosinophils, suggesting that these cells influx into nasal secretions and release inflammatory mediators.[28] Juliusson and others observed a rapid and significant increase in 
the number of eosinophils in allergic patients as early as 2 hours after challenge in the lavage specimens and 4 hours after challenge in the brush samples.[127] The percentage of activated eosinophils in brush samples increased and reached a 
peak 8 hours after provocation, and the basal values of eosinophils correlated significantly with symptoms of congestion, sneezing, and rhinorrhea observed after challenge.[127] To examine changes in eosinophil numbers and activation status 
during natural exposure, Bentley and others performed nasal biopsies in allergic patients during the pollen season and reported significant seasonal increases in total MBP and activated (EG2+ ) eosinophils in the submucosa of these patients 
compared with preseasonal eosinophil numbers or from nonallergic subjects.[35] 

Lim and others obtained nasal lavages and inferior turbinate biopsy specimens before and 24 hours after challenging allergic patients with allergen. [152] Similar to findings reported by other investigators, the number of eosinophils and 
polymorphonuclear cells in nasal lavages and the number of eosinophils and mononuclear cells in the nasal mucosa were significantly increased. The predominant cell types in nasal secretions were polymorphonuclear cells and eosinophils, 
whereas mononuclear cells predominated in the nasal mucosa, suggesting that nasal secretions and the nasal mucosa are two separate compartments with different inflammatory cellular predominance during allergic inflammation.

Basophils constitute 1% of the recovered cells. Their number correlates significantly with levels of histamine recovered in nasal secretions during the late-phase response (r = 0.72, P < .0001), suggesting that these cells are the source of the 
late rise in histamine.[26] 

Similar cellular changes have been observed during seasonal exposure of allergic patients, lending credibility to the observations after experimental allergen challenge. In separately conducted studies, Bryan and Bryan[54] and Okuda and 
Ohtsuka[193] observed basophilic cells in nasal secretions during seasonal exposure of allergic patients to pollen. In contrast to nasal secretions, which represent the most superficial compartment of the nasal mucosa, examination of nasal 
mucosal scrapings[190] [194] or biopsy specimens,[79] [194] which sample deeper layers, showed that most metachromatic cells in these compartments were mast cells. The mast cells were divided into two subpopulations, one located in the epithelium 
and the other located deeper, in the lamina propria.[195] Enerback, Pipkorn, and Granerus showed a seasonal increase in mast cells on the surface of the nasal epithelium after 4 or 5 days of exposure to pollen.[79] Because the overall number of 
mast cells in the nasal mucosa remained unchanged, they suggested that seasonal exposure led to migration of mast cells from the deeper layers of the lamina propria to the epithelium. Bentley and others reported a similar significant increase 
in intraepithelial tryptase-positive mast cells in nasal biopsy specimens of allergic patients during the pollen season.[35] The consensus of most authors is that basophils predominate in nasal secretions, whereas mast cells are more abundant in 
the epithelium and lamina propria of allergic patients exposed to antigen either experimentally or naturally.



Eosinophils and mast cells, which are most frequently associated with allergic reactions, occur in the nasal submucosa, but most cells in this location are mononuclear cells (lymphocytes and monocytes). Varney and others showed that 
numbers of CD4+ (T-helper) lymphocytes and CD25+ cells were significantly increased after antigen challenge compared to challenge with the diluent. [261] The number of CD25+ cells correlated positively with the numbers of CD3+ and CD4+ 
cells, suggesting that CD25+ cells were activated lymphocytes. In support of these observations, Hamid and others showed that 60% to 100% of CD25+ cells identified in the nasal mucosa 24 hours after antigen challenge were also CD3+ .[107] 
Unlike changes after antigen provocation, there were no significant increases in CD45+ , CD3+ , CD4+ , CD8+ , CD25+ , CD68+ cells, or neutrophils in the nasal submucosa during the season. [35] This might be related to the lower dose of antigen 
to which allergic patients are exposed during the season compared with the amount during experimental provocation or related to the site of the nasal biopsy and the placement of allergen.

Another important cell type detected in the nasal mucosa of allergic patients are Langerhans cells, which are large mononuclear dendritic cells that are important in antigen presentation. Fokkens and others showed that the numbers of 
intraepithelial CD1+ (Langerhans cells) cells in healthy subjects and grass-allergic patients before and after the pollen season were not different, but the numbers of intraepithelial CD1+ cells were significantly increased during the allergy 
season compared with the other time points and nonallergic subjects. [82] In another study involving patients with perennial allergic rhinitis, the same investigators showed a significant decrease in
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Langerhans cells in the epithelium after 3 months of treatment with fluticasone propionate. [117] These studies support the importance of Langerhans cells in the allergic reaction and suggest that they are not constitutively more numerous in 
patients with allergic rhinitis but are more likely to be up-regulated upon exposure to allergen.

Detection of Cytokines in Nasal Secretions and Cells After Allergen Provocation

In addition to the different preformed and newly generated inflammatory mediators secreted by mast cells and other inflammatory cells during the allergic reaction, cytokines have been identified in the nasal mucosa and in nasal secretions of 
allergic patients during natural exposure and allergen provocation.

Sim and others challenged allergic patients with diluent, followed by increasing doses of allergen, until a symptomatic response was obtained.[236] Compared with the diluent challenges, there were significant increases in the levels of IL-1β 
during the early- and late-phase responses, and of GM-CSF and IL-6 during the late-phase response, in all patients. In five of eight patients studied, there were significant elevations of IL-5 during the early- and late-phase responses. Levels 
of IL-2 or IL-4 were not detectable after challenge. Levels of IL-1β correlated with symptom scores during the early and late reactions, and levels of GM-CSF and IL-6 correlated with symptoms during the late response. In a similar study, 
the same investigators studied the effect of premedication with intranasal corticosteroids.[237] In addition to duplicating their findings with IL-1β and GM-CSF, they showed significant increases in levels of macrophage inflammatory protein-
1α during the early and late responses and IL-8 and RANTES during the late response. Pretreatment with intranasal corticosteroids significantly inhibited the rise in the levels of all the cytokines and chemokines measured.

Using nasal lavage to sample nasal secretions after allergen challenge, Gosset and others detected significant elevations in levels of IL-1α and IL-6 in patients with dual early and late responses.[100] Bachert, Wagenmann, and Hauser also 
measured significant increases in levels of IL-1β and TNF within 2 hours after challenge in nasal lavage specimens, and increases in levels of IL-6 and IL-8, 6 to 8 hours after challenge.[14] They detected significantly elevated baseline levels 
of IL-1β, IL-6, and IL-8 in patients with seasonal allergic rhinitis compared with those of healthy subjects. Similar increases in levels of IL-1β and GM-CSF were detected by Linden and others in nasal lavage specimens from allergic 
patients shortly after challenge with antigen.[153] Finally, Saengpanich and others have demonstrated significant increases in levels of IL-5, TNFα, and soluble ICAM-1 in nasal lavages obtained 24 hours after allergen challenge when 
compared with baseline.[221] 

In nasal biopsies, Bradding and others detected significantly more IL-4+ cells in the nasal mucosa of perennial rhinitis patients compared with healthy subjects.[45] [46] These investigators also showed that 78 to 100% of the IL-4+ cells contained 
mast cell tryptase. Immunoreactivity for IL-5, IL-6, and IL-8 was present in most biopsy specimens from perennial rhinitis patients and healthy subjects. No significant differences existed between the two populations in the number of 
cytokine-positive cells. Most IL5+ cells were mast cells, with some eosinophils. Most IL-6+ cells were mast cells, and IL-8 was localized to the cytoplasm of epithelial cells.[45] No cytokine reactivity was localized to CD3+ or CD4+ cells. These 
data suggest that IL-4, IL-5, and IL-6 are localized to mast cells in the nasal mucosa of patients with perennial allergic rhinitis. The investigators attribute the lack of localization of any of the cytokines to T lymphocytes to the fact that 
cytokines generated by activated T cells are rapidly transported from the cell, and do not accumulate in sufficient concentrations to be detected by their technique. They hypothesize that mast cells provide the initial burst of IL-4, which 
enhances other cells (e.g., T lymphocytes) to continue secreting this and other cytokines, thus perpetuating the inflammatory allergic reaction. The same investigators showed that pretreatment with intranasal corticosteroids suppressed the 
seasonal increases in epithelial eosinophils, submucosal eosinophils, and epithelial mast cells and also led to a significant suppression of IL-4+ cells in the nasal submucosa, without significant effects on the number of IL-5 and IL-6 
immunoreactive cells.[44] 

Durham and others found that biopsy samples after allergen challenge showed significant increases in cells bearing mRNA for IL-3, IL-4, IL-5, and GM-CSF, but not for IL-2 or IFN-γ compared with biopsies obtained after a sham challenge 
of allergic individuals.[73] Activated eosinophils (EG2+ ) increased significantly after allergen challenge and correlated positively with mRNA expression for IL-5, IL-4, GM-CSF, IL-3, and IL-2 but not for IFN-γ. The strongest correlation was 
with IL-5 (r = 0.9, P < .0001), and the weakest correlations were with IL-3 (r = 0.63, P = .05) and IL-2 (r = 0.65, P = .04). Ying and others showed that most IL-5 mRNA+ cells were also CD3+ (83%), and the rest were positive for tryptase 
(16.4%).281 These findings suggest that T lymphocytes are a major contributor to IL-5 in nasal allergic reactions. The same investigators also studied the effects of therapeutic intervention with intranasal corticosteroids and immunotherapy on 
the expression of mRNA for the different cytokines
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in the nasal mucosa. Pretreatment with fluticasone propionate before allergen challenge and subsequent biopsy resulted in significant inhibition of nasal symptoms and inhibition of an allergen-induced increase in cells expressing mRNA for 
IL-4 but not for IL-5. [164] Pretreatment with intranasal corticosteroids also significantly inhibited allergen-induced increases in submucosal IL-2 receptor-bearing cells (CD25+ ) and activated eosinophils (EG2+ ). Immunotherapy, in addition to 
inhibiting cellular influx into the nasal mucosa, also induced a TH-1 cell response, with a significant increase in cells expressing mRNA for IFN-γ. [74] 

The various techniques of cytokine detection all support the importance of these proteins in the allergic reaction in vivo. Difficulty measuring some cytokines in nasal secretions, most notably IL-4 and IL-5, might be related to the lack of 
sensitivity of available assays. The cytokine profile observed after allergen provocation supports the involvement of TH2 cells in the allergic reaction. Because IL-5 promotes the differentiation,[59] vascular adhesion,[268] and in vitro survival of 
eosinophils[157] and enhances histamine release from basophils,[115] and because IL-4 is a mast cell growth factor[222] and promotes the switching of B cells to the production of IgE,[198] TH2-like T cells are thought to be particularly important in 
allergic disease.



Adhesion Molecules and Cellular Recruitment

Cellular trafficking is integral to human immune response because it allows cells to be selectively recruited from the bloodstream into sites of tissue inflammation. Cellular recruitment into sites of allergic reactions is an example of such 
trafficking. Numerous 

 
Figure 9-6 Cellular adhesion and recruitment. An eosinophil is seen from the early stage of free circulation, on to rolling, adhesion to the vascular endothelium, transendothelial migration, and, finally, tissue migration. In the case of the 
eosinophil, these events are regulated and mediated by multiple cytokines and adhesion molecules. (From Mygind N and others, editors: Essential allergy, ed 2, Oxford, Blackwell Scientific Publications, 1996.) 

 

Figure 9-7 Pathophysiology of allergic rhinitis. The first stage of development of allergic rhinitis involves antigen processing and the production of specific immunoglobulin E (IgE) antibodies, which attach to mast cells, basophils, and other 
inflammatory cells. On subsequent exposure to the same allergen, IgE receptors on the surface of mast cells are cross-linked, leading to the degranulation of these cells and the release of preformed and newly synthesized mediators that are 
responsible for symptoms of the disease. Recruitment of inflammatory cells to the nasal mucosa also occurs, as does a resultant state of chronic inflammation with a heightened state of reactivity to specific and nonspecific stimuli, a hallmark 
of allergic nasal disease. In addition to the early and late inflammatory responses, exposure to allergen leads to a secondary immune response with increased production of specific IgE and a perpetuation of the state of susceptibility to 
allergen. (From Naclerio RM: Allergic rhinitis, N Engl J Med 325:860, 1991.) 
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Chapter 10 - HEAD AND NECK MANIFESTATIONS OF HUMAN IMMUNODEFICIENCY VIRUS INFECTION

Steven D. Pletcher 
Andrew N. Goldberg 

INTRODUCTION



The human immunodeficiency virus (HIV) infects and debilitates lymphocytes and macrophages leading to progressive immune compromise. This decline in immune function leaves the patient susceptible to a myriad of pathologic 
conditions including opportunistic infections and neoplasms, culminating in the acquired immunodeficiency syndrome (AIDS). Much of this pathology can manifest in the head and neck, and thus otolaryngologists should be familiar with the 
disease and its multiple manifestations.

Anecdotal reports of unusual infections and idiopathic immune deficiency, primarily in homosexual men, began in the early 1980s[216] and rapidly grew into the epidemic now known as AIDS. Since this time, AIDS has been responsible for 
nearly 500,000 deaths in the United States alone, and close to 1 million Americans are believed to be living with HIV with an estimated 40,000 new infections per year.[44] Although staggering, these national statistics are dwarfed by 
worldwide statistics. An estimated 42 million people are currently living with HIV infections; 5 million people acquired the virus in 2001 alone.[134] 

Transmission of HIV occurs through body fluids and tissues. Virus from an infected patient can inoculate the bloodstream of a potential patient through a breach in the skin or mucosa or via intravenous infusion. Modes of transmission 
include sexual intercourse (homosexual or heterosexual), the sharing of needles by intravenous drug users, perinatal transmission from mother to child, and, rarely, transfusion of contaminated blood products or accidental exposure in health 
care workers. Men who have sex with men represent just over 40% of all new cases of HIV infection in the United States with heterosexual intercourse and injection drug use leading to one third and one quarter of new infections, 
respectively.[44] 

Biology and Immunology

HIV is a retrovirus on the Lentivirus subfamily. This group is named for the slow progression of disease in affected individuals and was discovered and initially studied in Icelandic sheep. These viruses establish chronic infections with a 
long incubation time and slow progression of disease. Viruses in the Lentivirus family typically infect cells involved in immune modulation—in the case of HIV, primarily CD4 T cells and macrophages. HIV is composed of a nucleocapsid 
core containing two identical genomic RNA strands of approximately 10,000 nucleotides, structural proteins, and a membrane envelope.

The virus life cycle begins when the virus binds to the CD4 receptor, a surface protein on the T-helper subset of T lymphocytes that is also expressed on macrophages. Fusion of the viral and cell membranes allows entry of the viral core into 
the cell. The reverse transcriptase enzyme, a protein carried by the virus that allows transcription of ribonucleic acid (RNA) into deoxyribonucleic acid (DNA; a reversal of normal transcription) then mediates transcription of the viral RNA 
genome into viral DNA. Viral integrase, another viral protein, then facilitates incorporation of the viral DNA into the host genome. The viral DNA is then transcribed into multiple RNA copies by the host cell. This newly created RNA can 
have several fates; it may be spliced and translated into viral proteins or it may remain intact as a future viral genome. Translation of some viral RNA sequences results in protein precursors or multiple proteins bound together. These 
precursors undergo proteolytic processing by a viral protease that liberates the functional viral proteins. These proteases are required for viral infectivity. After replication of the viral genome and proteins, the new viruses bud from the 
infected cell and proceed to infect new cells.
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Based on the rate of turnover of infected cells, it is estimated that nearly 1 billion infectious events per day occur in patients with active HIV infection.[275] This results in massive requirements for RNA and DNA transcription. The viral DNA 
polymerase is error prone, incorporating one mismatched nucleotide per genome per round of transcription. This, combined with the amount of replication that occurs, establishes a vast pool of genetic diversity. [176] [209] Selection of the least 
immunogenic and most pathogenic strains of the virus leads to an increased virulence of the virus within the same host.[100] [233] The development of vast genetic diversity also gives the virus an advantage in the development of drug resistance 
and provides a critical barrier to vaccine development.

As the virus infects and damages helper T cells, both humoral and cell-mediated immunity are impaired. This results in increased vulnerability to infection and neoplasm. HIV infection has also been associated with abnormal immune 
regulation resulting in increased atopy and autoimmune disease. Macrophage function may be impaired because of direct infection or a lack of T-cell stimulation. This results in impaired chemotaxis and phagocytosis with increased 
vulnerability to infections such as candidiasis and toxoplasmosis. A lack of T-cell stimulation of B cells results in decreased immunoglobulin production and a vulnerability to encapsulated organisms such as Streptococcus pneumoniae and 
other bacteria.[74] [100] [179] These problems are compounded by impaired neutrophil function. Iatrogenic neutropenia may also result from medications used to treat HIV infections such as zidovudine, ganciclovir, and antineoplastic chemotherapy. 
[60] 

Natural History

When left untreated, HIV infection causes gradual debilitation of the immune system resulting, over a period of years, in profound immunocompromise and AIDS. Patients with AIDS are susceptible to multiple infections and neoplastic 
conditions. Morbidity can also result from neurotropism and the ability of HIV to cause neurologic and neurotologic dysfunction.

Advances in understanding of HIV biology has allowed for the production of medications targeting the reverse transcriptase and protease enzymes critical to the viral life cycle. Combinations of these protease inhibitors and reverse 
transcriptase inhibitors are used to create highly active antiretroviral therapy (HAART). The use of this drug "cocktail" has led to an estimated three-fold decrease in mortality and a six-fold decrease in opportunistic infection in HIV patients 
with a CD4 count of less than 100.[206] As the use of HAART increases, more will be known regarding the long-term prognosis of patients treated with this regimen.

Medications used in HAART therapy can be broadly divided into three categories: nucleoside reverse transcriptase inhibitors (NRTIs), nonnucleoside reverse transcriptase inhibitors (NNRTIs), and protease inhibitors (PIs). Many patients 
will ultimately experience at least one treatment failure. Because the initial regimen affects choices available for subsequent regimens, clinicians typically avoid using initial regimens that involve medications from all three classes.[316] 

The proper timing for the initiation of HAART remains controversial. Recent cohort data demonstrate the importance of initiating HAART before a patient's CD4 count drops below 200/µL.[123] [271] In patients with a CD4 count above 350/µL, 
risk of 3-year clinical progression is low, and additional concerns about the impact of antiretroviral regimens on quality of life, risk of serious adverse drug effects, and limitations on future treatment options may outweigh the benefits of 
durable viral suppression.[316] The initiation of therapy should also be considered in patients with a viral load above 50,000 to 100,000 copies/mL regardless of CD4 count.[68] 

The complex dosing regimens involved in multidrug HAART treatment is a key cause of the virologic failure of antiretroviral treatments.[59] A recent study found a doubling of viral load for every 10% decrement from complete adherence.[11] 
The viral load response in prisoners with directly observed treatment has been noted to be significantly greater (85% to 100% vs 50% to 80%) than that of patients treated with comparable regimens in an outpatient research clinic.[77] [270] 
Strategic treatment interruptions or "drug holidays" have been considered and reviewed. [114] [170] With the paucity of controlled studies and the potential risks, strategic treatment interruptions are not recommended for current clinical practice.[316] 

The differential diagnosis of any lesion in an HIV-infected patient depends on the patient's immune status. This is most accurately ascertained through the laboratory values of CD4 count and HIV viral load. CD4 counts have been used as 



indicators of disease stage in HIV-positive patients for nearly two decades. The likelihood of developing specific opportunistic infections is closely related to CD4 count. The use of CD4 count in the era of HAART is less clear because it is 
unproven whether CD4 nadir or current CD4 count best correlates with risk of opportunistic infection. HIV viral load is a good predictor of disease progression, even independent of CD4 count.[118] [184] HIV viral load also represents a strong 
surrogate marker for the clinical benefit of treatment.[125] [200] HIV-positive patients should be evaluated in the context of their evolving immune status, thus knowledge of the patient's CD4 count, viral load, and treatment status is critical.
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Diagnosis and Classification

HIV infection is diagnosed when anti-HIV antibodies are detected in the serum by enzyme-linked immunosorbent assay (ELISA) and Western blot. Persistent antibodies against HIV typically occur within 3 months of infection. The Centers 
for Disease Control and Prevention (CDC) classification for HIV is based on the clinical manifestations of disease and the patient's CD4 count. These classifications assist in assessing the level of immune compromise and the corresponding 
risk for development of opportunistic infection or neoplasm. Three clinical categories have been identified: (A) asymptomatic HIV infection, persistent generalized lymphadenopathy (PGL), or acute HIV infection (a mononucleosis-type 
syndrome); (B) symptomatic conditions such as oral thrush, oral hairy leukoplakia, and fungal sinusitis that are attributed to HIV infection but do not fall into category A or C; (C) AIDS ( Box 10-1 ). Patients in each category can be further 
stratified according to their CD4+ counts: (1) 500 or more cells/µL, (2) 200 to 499 cells/µL, (3) fewer than 200 cells/µL. The lowest accurate CD4+ count, not the most recent, has been used for classification purposes. AIDS is diagnosed for 
any patient in category C or 3.

 
 

Box 10-1. CONDITIONS THAT DEFINE AIDS

Candidiasis, pulmonary or esophageal 
 
Cervical cancer, invasive 
 
Coccidioidomycosis, disseminated or extrapulmonary 
 
Cryptococcosis, extrapulmonary 
 
Cryptosporidiosis, chronic intestinal (>1 month) 
 
Cytomegalovirus disease (liver, spleen, and nodes excluded) 
 
Cytomegalovirus retinitis 
 
Encephalopathy, human immunodeficiency virus-related 
 
Herpes simplex, chronic ulcers (>1 month), pulmonary or esophageal 
 
Histoplasmosis, disseminated or extrapulmonary 
 
Isosporiasis, chronic intestinal (>1 month) 
 
Kaposi's sarcoma 
 
Non-Hodgkin's lymphoma 
 
Mycobacterium avium complex, Mycobacterium kansasii, or other species, disseminated or extrapulmonary 
 
Mycobacterium tuberculosis, any site 
 
Pneumocystis carinii pneumonia 
 
Pneumonia, recurrent 
 
Progressive multifocal leukoencephalopathy 
 
Salmonella septicemia, recurrent 
 
Toxoplasmosis of brain 
 
Wasting syndrome caused by human immunodeficiency virus 
 



CD4+ T-helper lymphocyte count less than 200 cells/µL 
 

 
(Taken from Centers for Disease Control: MMWR Morb Mortal Wkly Rep 41:1, 1992.)

 
 
CERVICAL ADENOPATHY IN THE SETTING OF HIV INFECTION

An otolaryngologist is often consulted to evaluate cervical adenopathy in HIV-infected patients. Ideopathic follicular hyperplasia is the most common cause of cervical adenopathy in this patient population and is clinically evident in 12% to 
45% of HIV-positive patients.[26] In the background of hyperplastic adenopathy, however, cases of infectious and neoplastic etiology exist, including Mycobacterium tuberculosis, Pneumocystis carinii, lymphoma, Kaposi's sarcoma (KS), and 
other processes that also occur in the general population[157] ( Box 10-2 ). Differentiating among these processes remains challenging yet critical to the appropriate management of lymphadenopathy in the setting of HIV infection. The 
tendencies for multiple pathologic processes to coexist in HIV-infected patients and the poor sensitivity of many clinical findings and tests often make it necessary to perform microbiologic and histologic evaluations of lymph node tissue.

 
 

Box 10-2. DIFFERENTIAL DIAGNOSIS OF LYMPHADENOPATHY IN HIV INFECTION

 
Infectious 

Mycobacterial lymphadenitis: tuberculous * and atypical organisms †  
 
Pneumocystis lymphadenitis *  
 
Pneumocystis thyroiditis *  
 
Viral lymphadenitis: cytomegalovirus, Epstein-Barr virus Toxoplasma lymphadenitis 
 
Bacterial lymphadenitis or abscess secondary to oropharyngeal infection 
 
Cat-scratch disease 
 

 
Neoplastic 

Lymphoma 
 
Non-Hodgkin's †  
 
Hodgkin's disease 
 
Metastatic Kaposi's sarcoma †  
 
Metastatic carcinoma 
 
Metastatic melanoma 
 
Salivary gland tumors 
 
Thyroid tumors 
 

 
Idiopathic 

Persistent generalized lymphadenopathy *  
 
Lymphoepithelial cysts of the parotid gland *  
 

*Incidence is significantly increased in human immunodeficiency virus infection. 
†Incidence is significantly increased in acquired immunodeficiency syndrome. 
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Persistent Generalized Lymphadenopathy

PGL is a common early symptom of HIV infection and a common cause of cervical adenopathy. PGL is defined as lymphadenopathy without an identifiable infectious or neoplastic etiology, which involves two or more extrainguinal sites for 
at least 3 months, in a patient at risk for or confirmed to be HIV infected. [14] [37] [58] 

The neck is the third most common site of PGL after the axillary and inguinal regions. Within the neck, cervical adenopathy occurs in the posterior triangle (85%), the preauricular and postauricular regions (51%, 47%), the anterior triangle 
(37%), and the occipital region (30%).[3] Enlarged nodes are usually asymptomatic, but when bulky they sometimes elicit pain. Associated lymphoid hyperplasia in the pharynx may be present and has been implicated in the pathogenesis of 
middle ear effusions.

Three histologic patterns occur in PGL lymph nodes: (1) follicular hyperplasia—follicles increase in number and size and the mantle zones are either irregular (fragmented) or intact (nonfragmented); (2) follicular involution—follicles are 
small and mantle zones are absent, whereas germinal centers are either inactive or scarred; and (3) lymphoid depletion—the node is infiltrated by immunoblasts and plasma cells, follicles are absent, and microvascular proliferation is 
significant. [14] [37] [58] 

As HIV infection approaches end-stage AIDS, the lymph node architecture degenerates from one histologic type to another. Of patients with follicular hyperplasia, 77% progress to follicular involution and lymphoid depletion.[46] It has been 
proposed that lymph node architecture is of prognostic value in HIV infection because the incidence of constitutional symptoms and opportunistic infections is increased and the life expectancy for patients who progress through these 
histologic stages is decreased.[2] [38] [46] [162] Proposed mechanisms for this histologic progression include direct cytopathic effects of HIV or similar effects by other viruses, including Epstein Barr virus (EBV), cytomegalovirus (CMV), or 
herpesviruses.

Evaluation of Cervical Lymphadenopathy in HIV-Positive Patients

In an HIV-infected patient, cervical lymphadenopathy due to pathologic processes that pose a health risk to the patient, such as tuberculosis (TB), lymphoma, and metastatic carcinoma, must be differentiated from PGL. The diagnostic work-
up of cervical lymphadenopathy starts with a thorough history and physical examination. The clinician should question the patient about risk factors for infectious causes of cervical adenopathy, including contact with cats and dogs and 
exposure to TB, as well as risk factors for head and neck malignancy, including tobacco and alcohol use. An enlarged lymph node is more likely to be pathologic when certain local and constitutional features are found on history and 
physical examination. Fine-needle aspiration (FNA) should be the initial method of pathologic sampling for suspicious nodes.

Although constitutional symptoms by themselves are not a specific indicator of infection or malignancy, the presence of such symptoms without a known cause warrants further investigation. Cervical lymphadenopathy caused by 
granulomatous disease and lymphoma in HIV infection is associated with weight loss in 33%, night sweats in 50% and fever in 67% of cases.[2] [162] However, PGL is also associated with a relatively high incidence of weight loss (24%), night 
sweats (35%), and fever (47%) caused by other HIV-related processes.

The distribution, size, and mobility of neck nodes may suggest infectious or malignant etiology. Cervical lymphadenopathy that is greater than 2 cm, unilateral, painful, deep, or asymmetric is suspicious for pathology, specifically 
granulomatous disease or lymphoma.[251] Tender adenopathy is more likely to be secondary to bacterial infections, including TB, whereas nontender enlarging neck nodes may result from malignancy.[38] A thorough head and neck examination 
should include a search for potential primary sites of infection or malignancy.

The patient's immune status, as indicated by the history of opportunistic infection, CD4+ count, and viral load, may help narrow the differential diagnosis of cervical adenopathy. Lymphoma or mycobacterial infection are more likely to be 
present when the CD4+ count is less than 100 cells/mL or a history of AIDS is present, whereas PGL is more likely when the CD4+ count is greater than 500 cells/mL. The CD4+ count alone, however, is not sufficient for excluding 
malignancy or infection. [21] [231] 

The purified protein derivative (PPD) or tuberculin skin test may facilitate the diagnosis of mycobacterial lymphadenitis. In the setting of advanced HIV infection and immune compromise, however, the patient can become anergic, resulting 
in a low sensitivity of the PPD test. The criterion for a positive result in an HIV-infected patient is a skin reaction greater than 5 mm in diameter, rather than 10 mm as in the general population.

The effect of HAART on cervical disease in HIV-positive patients is largely unknown. Both KS and non-Hodgkin's lymphoma have significantly decreased in prevalence after the introduction of HAART.[8] Some reports suggest that 
initiation of therapy involving a protease inhibitor in patients with a low CD4+ count and subclinical mycobacterial infection may result in
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a significant immune response with suppurative lymphadenopathy and fever.[28] [223] 

Tissue Sampling in HIV-Positive Patients

FNA should be the initial method of tissue sampling in most cases of suspicious cervical lymphadenopathy in HIV-infected patients. If possible, a cell block should be created from the sample, and the sample should be sent for cytology, 
flow cytometry, and culture and stains for aerobic and anaerobic bacteria, mycobacteria, and fungi. In a study of 655 aspirates, FNA provided a definitive diagnosis in more than half of the patients and directed further clinical investigation in 
another 30%; 20% of the initial samples were inadequate for pathologic evaluation.[70] Reactive or benign changes consistent with PGL were found in 37% of patients with suspected or confirmed malignancy in 13%. Inflammation was found 
in 30%, more than half of which had identifiable organisms on stain, culture, or both.[70] The addition of culture for all specimens was found to be a valuable adjunct.

The diagnostic yield of FNA is increased with multiple passes of the needle while suction is applied to the plunger. The presence of a cytopathologist or a technician is beneficial for two reasons: preparation of the specimen for cytology can 
be properly and judiciously carried out, and the adequacy of the aspirate for diagnosis can be determined and FNA repeated if necessary. Ultrasound guidance increases the diagnostic yield in nodes that are difficult to palpate. Sensitivities as 
high as 95% have been reported for the diagnosis of lymphoma in HIV-positive patients. [274] The overall sensitivity and specificity of FNA in HIV-positive cervical adenopathy has not been clearly defined and likely is operator dependent. 
Sampling errors, improper preparation of cytopathology slides, and misinterpretation of the cytologic features can cause false-negative results.



An FNA diagnosis of follicular hyperplasia should be correlated with the clinical picture and should not, by itself, absolve the clinician's suspicion of lymphoma. The decision to perform a diagnostic open biopsy should be driven by a 
suspicion of malignancy or infection in the setting of a negative or inconclusive FNA.[57] Conditions that would favor proceeding with an open biopsy in the setting of an FNA that does not demonstrate neoplasm or infection include nodes 
greater than 2 cm and growing; onset is associated with a low CD4+ count; asymmetric, unilateral, or localized lymphadenopathy; constitutional symptoms of unknown origin; mediastinal adenopathy; or hepatosplenomegaly. Open biopsy of 
suspected metastatic carcinoma should be avoided and, if possible, the diagnosis should be made by FNA. When metastatic carcinoma is diagnosed, a thorough examination of the upper aerodigestive tract in search of a primary tumor should 
be performed with the patient under general anesthesia.

Because lymphoma is always a concern, if possible, a cell block should be obtained from the FNA specimen. This allows for further diagnostic evaluation such as flow cytometry to clearly differentiate reactive tissue from lymphoma and 
determine the class of lymphoma, which may have treatment implications. In patients with lymphoma diagnosed via FNA but without adequate specimen for histologic typing, an open biopsy should be considered. Fresh biopsy specimens 
should be sent directly to the pathologist, who should be informed of the possibility of lymphoma.

HIV-ASSOCIATED HEAD AND NECK NEOPLASMS

Increased cancer risk is associated with most types of immune deficiency. This has been previously noted in patients with congenital immune disorders and those being treated with immune suppressants after organ transplantation. 
Malignancies such as non-Hodgkin's lymphoma (NHL) and KS have a strong correlation with advanced HIV infection, so much so that they have been designated as AIDS-defining illnesses. The relationship between HIV and other head and 
neck malignancies is less clear. Although squamous cell carcinomas appear to have a more virulent course in HIV-infected patients, there is no clear increase in the prevalence of squamous cell carcinoma among HIV-positive patients.

Non-Hodgkin's Lymphoma

Epidemiology and Presentation

AIDS-related lymphoma occurs in 3% to 10% of HIV-positive patients. [247] In 1997, this malignancy was the AIDS-defining illness in an estimated 5% of all AIDS cases in the United States.[53] [254] The risk of developing NHL steadily rises in 
conjunction with the duration of HIV infection and the associated immune suppression. The incidence of NHL among homosexual men has been shown to increase from 0.8% 3 years after seroconversion to 2.6% after 8 years of HIV 
infection.[221] The majority of HIV-positive patients who develop NHL have a CD4+ count lower than 200 cells/µL, and as many as 32% of patients have been previously diagnosed with AIDS. Thus, a high index of suspicion for lymphoma 
must be maintained for patients with low CD4 counts.

Despite the predilection for relative immune suppression, NHL may occur in the setting of relative immune competence and thus can not be ruled out based on a high CD4+ count or low viral load. Burkitt's lymphoma, in particular, has been 
noted to occur in patients with a relatively high CD4+ count.[21] [231] Interestingly, although the introduction of HAART has
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lowered the incidence of NHL in HIV-positive patients, HAART has had less of an impact on the incidence of NHL than on that of KS. Whereas the incidence of KS has dropped by more than two thirds since the introduction of HAART, 
the incidence of NHL remains more than 50% of what it was before the introduction of HAART.[8] 

There has been some suggestion that homosexual, bisexual, and hemophiliac patients have a greater risk of developing HIV-related NHL than Intravenous Drug Use (IVDU) patients.[21] This has been used as an argument for an infectious role 
in the pathogenesis of HIV-related NHL. EBV has been identified in 40% to 60% of HIV-associated NHL.[106] [107] [247] EBV has also been implicated in the loss of function of the tumor suppressor p53, which could result in an increased 
propensity for malignancy.[41] Although it is tempting to conclude that HIV-associated NHL is caused by EBV infection, this appears to be premature. Certainly a large proportion of HIV-associated NHL is found in patients free of EBV. Also, 
the prevalence of other cancers (e.g., nasopharyngeal cancer) known to be linked to EBV has not shown any increase in patients with HIV infection.[182] Although EBV may play a role in the oncogenesis of some HIV-associated NHL, a clear 
causal relationship seems unlikely.

Localized nodal disease is uncommon in HIV-associated NHL. The presence of extranodal disease (68% to 80%) is nearly double that of non-HIV-associated NHL.[42] [139] [159] A predilection for the head and neck region is also noted, with 50% 
to 60% of cases involving the head and neck. Extranodal head and neck sites include the oral cavity, sinonasal region, pharynx, nasopharynx, orbit, parotid gland, larynx, and the central nervous system (CNS).[79] [135] [235] [295] In a series involving 
58 HIV-positive patients with head and neck lymphomas, 26 of the disorders occurred in the neck, 13 in the CNS, seven in the mandible, six in the paranasal sinuses, three in the larynx, two in the oropharynx, and one in the orbit. [76] Other 
sites of extranodal disease include the gastrointestinal (GI) tract, bone marrow, and liver. Nodal disease predominates in the neck with frequent involvement of the submandibular, jugulodigastric, and supraclavicular regions.[252] 

NHL of the head and neck often presents as a growing mass. Constitutional symptoms are frequently present with fever, night sweats, and unintentional weight loss (greater than 10% of body mass) present in 82% of patients.[160] Initial 
symptoms are dependent on the location of disease. Sinonasal disease may present with epistaxis, nasal obstruction, proptosis, and oral extension.[217] [252] NHL of the oral cavity most commonly affects the gingiva and palate and can manifest as 
a persistent sore, an enlarging mass, or loose teeth. Hoarseness, respiratory symptoms, and dysphagia may indicate laryngeal or pharyngeal disease. Nasopharyngeal lymphoma may present with nasal obstruction and serous otitis media. 
Because of the close association, patients newly diagnosed with NHL should be screened for HIV infection.

Diagnosis

The diagnosis of lymphoma in HIV-positive patients begins with a high index of suspicion, particularly for patients with a low CD4+ count. Multiple common manifestations of HIV disease such as peripheral generalized lymphadenopathy 
and benign oral ulcerations can mimic the findings for patients with lymphoma. The combination of rapid enlargement and constitutional symptoms is particularly concerning for NHL. In a series of 28 patients with head and neck NHL 
excluding CNS involvement, a mean diagnostic delay of 2 months was noted.[43] The diagnosis of lymphoma can be made with FNA. Although histologic type can be determined from a cell block after aspiration, this might not be performed 
and some pathologists prefer larger tissue specimens for diagnosis and determination of histologic type. Thus, open biopsies may be considered for patients with NHL. The prognosis and management depend on the presence of extranodal 
disease; thus a thorough investigation of the CNS, mediastinum, and abdomen should be performed with magnetic resonance imaging (MRI), or computed tomography (CT) if MRI is not available. A bone scan and bone marrow biopsy can 
also be useful in the staging process. Lumbar puncture is recommended because up to 60% of patients may have asymptomatic leptomeningeal lymphoma.[242] 

Prognosis and Treatment

The prognosis of NHL in HIV-positive patients is significantly worse than that of the general population. Ninety-five percent of HIV-associated NHLs are of B-cell origin, with high-grade tumors (60%) and medium-grade tumors (33%) 



making up the vast majority. This is in stark contrast to the 10% to 15% reported rate of high-grade NHLs in the HIV-negative population.[159] [222] The most common types in HIV-infected patients are B-immunoblastic, small non-cleaved 
Burkitt's, non-Burkitt's, and diffuse large cell lymphomas.

The advanced stage and grade of NHL in HIV-positive patients combined with the relative state of immune suppression result in rapid progression of disease. The susceptibility of HIV-positive patients to opportunistic infections is 
exacerbated by the chemotherapeutic treatments for NHL, resulting in a high rate of morbidity and mortality. Factors predictive of a short life expectancy (on the order of months) include extranodal involvement, a previous AIDS diagnosis, a
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Karnofsky performance status less than 70%, and a CD4+ count less than 200 cells/µL. [43] [160] The histologic type does not appear to be predictive of outcome. NHL confined to the cervical nodes has an improved response to therapy with an 
associated survival that is longer than that of extranodal disease of the paranasal sinus, mandible, and other extranodal sites.[76] Primary CNS lymphoma has perhaps the poorest prognosis because of its tendency to recur and association with 
profound immune suppression.[159] 

HIV-related NHL is typically treated with multiagent chemotherapy. The therapy must balance the need to eradicate the neoplasm with the risk of further immune suppression. Although investigations continue, the introduction of HAART 
appears to lower the incidence of HIV-related NHL and increase survival when used in conjunction with multiagent chemotherapy.[277] [284] This improvement in survival may be related to a decreased incidence of opportunistic infection because 
the cause of death in patients with AIDS-associated NHL is relatively evenly divided between progression of lymphoma and opportunistic infection.[140] Radiotherapy has a role for patients with localized disease or symptomatic lesions.

No effective therapy for relapsed or refractory disease in HIV-positive patients has been demonstrated. Patients with NHL without HIV infection are treated with high-dose therapy with stem-cell support. This approach has not been adopted 
in HIV-positive patients for fear of increasing opportunistic infection and toxicity. It is unclear whether high-dose therapy will have a role in patients whose HIV disease is well controlled with HAART.

Kaposi's Sarcoma

KS is a mesenchymal cell tumor involving blood and lymphatic vessels. The classic form of KS occurs in the lower extremities of elderly men of Mediterranean or Ashkenazic Jewish descent. An endemic variety of KS present in Africa 
occurs in black men aged 25 to 40 and children aged 2 to 13 years.[298] [318] Epidemic KS most commonly occurs in patients who are immunocompromised, specifically those with AIDS, but it has also been noted in organ transplant recipients 
being treated with immunosuppressive medications. Specific indications for the treatment of KS include cosmetically disfiguring lesions, symptomatic oral lesions, symptomatic visceral lesions, or pain or edema associated with 
lymphadenopathy or extensive cutaneous disease.

In 1989, KS was the primary AIDS-defining illness in 15% of all reported AIDS cases in U.S. residents.[22] The overall risk of KS in patients with AIDS was estimated to be 20,000 times that of the general population and more than 300 times 
that of other immunosuppressed patients. A striking difference was also noted among subpopulations of AIDS patients. The risk for acquiring AIDS-KS was reported to be as low as 1% for patients who acquired HIV via blood transfusion. 
Patients who contracted the virus through homosexual intercourse were found to have a 21% risk of developing AIDS-KS. Women who acquired HIV from heterosexual contact with bisexual men as opposed to intravenous drug users were 
at an increased risk for AIDS-KS. These epidemiologic disparities led to suspicion of an infectious component to AIDS-KS.[22] 

In 1994, a newly recognized human herpesvirus (HHV-8) was identified within KS lesions.[48] The virus was noted within endothelial spindle cells[269] in all types of KS: classic, endemic, and AIDS-KS.[243] The seropositive rates for KS were 
also consistent with the epidemiology of AIDS-KS; specifically, gay men had the highest seropositive rates.[143] Finally, the virus was found in the peripheral blood mononuclear cells in many patients with KS, frequently preceding the 
development of KS in patients with AIDS.[309] This array of evidence has led to the general acceptance that HHV-8 plays a causative role in the development of KS.

The modes of transmission of HHV-8 are yet to be fully elucidated. The high prevalence of HHV-8 seropositivity among homosexual men in the United States suggests that sex between men may be an important route of transmission. In 
South African populations, however, the correlation between seropositivity and number of sexual partners is not strong.[257] Also, the presence of KS in children in sub-Saharan Africa even before the arrival of HIV suggests mother-to-child 
transmission.[31] However, this does not explain the increase in prevalence of HHV-8 infection throughout childhood, suggesting a role for child-to-child nonsexual transmission.[7] [215] 

Compared with the classic form of KS, AIDS-KS is more aggressive and less responsive to therapy. Most patients (90%) have multiple lesions, and visceral disease is more common in AIDS-KS. Treatment is complicated by the increased 
susceptibility for developing opportunistic infection. KS is associated with a shortened life expectancy, although most patients die from opportunistic infection or lymphoma, not KS per se. [45] 

KS occurs in the head and neck in as many as 63% of cases.[255] Frequently involved sites include the skin, oral mucosa, and lymph nodes. Cutaneous and mucosal KS occur at roughly equal rates. Cutaneous disease presents as multicentric 
purple or red macular lesions that are neither tender nor blanching. These frequently coalesce and progress to violaceous, nodular lesions ( Figure 10-1 ). They are usually asymptomatic but can become pruritic and aesthetically displeasing.
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Figure 10-1 Nodular Kaposi's sarcoma of the gingiva and palate. Given the ulcerated and fungating appearance, the differential diagnosis includes non-Hodgkin's lymphoma and squamous cell carcinoma. (Courtesy of Dr. Russel Corio.) 

 

Figure 10-2 Mucosal Kaposi's sarcoma. A, Photomicrograph of submucosal Kaposi's sarcoma showing slit-like vascular channels and scattered extravasation of erythrocytes (×100). B, Higher-power photomicrograph of the same lesion 
showing characteristic spindle cell proliferation (×200). 



 
 

Box 10-3. STAGING SYSTEM FOR PATIENTS WITH KAPOSI'S SARCOMA

 
Stage Characteristics

I No history of opportunistic infections, no constitutional symptoms, CD4+ greater than 300 cells/µL

II No history of opportunistic infections, no constitutional symptoms, CD4+ less than 300 cells/µL

III No history of opportunistic infections, constitutional symptoms

IV History of prior or coexistent opportunistic infections (median survival, 7 months)
 

 
 
Intensification of HAART has been proposed as a primary systemic treatment modality for AIDS-KS. HAART has resulted in a clear decline in the incidence of AIDS-KS. The mechanism may be a combination of anti-HIV effects resulting 
in improved immune status and direct antiviral potency against HHV-8.[249] Anecdotally, AIDS-KS has been described to respond well to HAART.[1] [195] The use of HAART has also been demonstrated to increase the time to KS recurrence 
nearly three-fold.[32] And although this data is encouraging, HAART alone remains limited as a treatment for KS by poor patient compliance and viral resistance.[116] 

Chemotherapy is largely reserved for visceral disease. The most common chemotherapeutic agents include vincristine, vinblastine, bleomycin, anthracycline, and paclitaxel. These medications may be useful for patients with rapidly 
progressive or symptomatic visceral disease, however their use is severely hampered by the increased propensity of HIV-positive patients to develop opportunistic infections.[161] Liposomal anthracyclines used as single-agent therapy have 
demonstrated improved duration of response and overall survival when compared with traditional multiagent chemotherapy.[90] [199] [272] These medications are now considered first-line therapy for the treatment of advanced AIDS-KS.

Pathogenesis-based therapies have been designed to target HHV infection and the cytokine and growth factor milieu associated with KS proliferation. These therapies include antiangiogenic compounds such as thalidomide and IM-862, 
retinoids, and antiviral medications such as ganciclovir, cidofovir, and foscarnet. These medications remain in the experimental stages and can be combined with intensification of
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HAART therapy. Interferon alpha was the first approved treatment for AIDS-KS and has demonstrated antiviral, antiangiogenic, and immunomodulatory effects. Its use has been limited by toxicities including malaise, fatigue, myalgia, and 
bone marrow suppression.[161] 

Hodgkin's Lymphoma

Hodgkin's lymphoma (HL) has been identified as the most common type of non-AIDS-defining tumor.[80] [96] The risk of HL is approximately 10-fold in HIV+ patients compared with the general population.[83] [108] Along with an increased 
prevalence, HIV-HL is associated with a more aggressive clinical course with non-contiguous spread and frequent involvement of the bone marrow and liver.[293] HL occurs in patients with a wide range of immune function. Approximately 
20% of HIV-HL occurs in patients who carry a diagnosis of AIDS and a wide range of CD4+ counts are found among HIV-HL patients. [248] 

The histology of HIV-associated HL is distinct from that of the general population: HIV-positive patients more frequently develop the aggressive mixed cellularity and lymphodepleted subtypes in comparison to the predominance of nodular 
lymphocytic subtypes in the general population.[226] Also, an 80% to 100% association with EBV has been reported for HIV-HL[65] in comparison to a 40% rate of EBV positivity in non-HIV-associated HL.[119] Complete response to 
chemotherapy and overall survival are far below that expected for non-HIV-associated HL.[72] [292] 

HIV-HL frequently presents as a mass in the head and neck region associated with fever, night sweats, and weight loss. On histologic diagnosis, staging work-up should include brain, thoracic, and abdominal imaging and a bone marrow 
biopsy. Evaluation of the patient's immune status with CD4+ count and viral load testing should also be performed.

The treatment of HIV-HL consists of combination chemotherapy and antiretroviral therapy. Patients treated with HAART in combination with chemotherapy have shown improved response to therapy, longer disease-free survival, and longer 
overall survival compared with patients treated with combination chemotherapy alone. [228] The estimated 2-year survival was 45% in patients treated with chemotherapy alone vs 62% in those treated with combined HAART and 
chemotherapy. [86] 



Cutaneous Neoplasms

Basal cell carcinoma (BCC) and melanoma may be occurring at an increasing rate in the HIV-positive population.[169] [301] BCC is second behind KS as the most common skin malignancy in HIV-positive patients with a prevalence of 1.8%.[263] 
Melanoma is still quite uncommon. Both tumors occur in the setting of relative immune compromise but rarely in conjunction with AIDS. These tumors may become more prevalent in the era of HAART as more patients live with the 
relative immunocompromise of HIV infection.

Despite similar risk factors of fair skin and sun exposure, the distribution and histology of BCC lesions varies between the HIV-positive and general populations. Thirty percent of BCCs occur in the head and neck region in HIV-positive 
patients compared with 85% in the general population. The infiltrative subtype of BCC is significantly more common in the HIV-positive population.[203] BCC in HIV-positive patients is often multicentric and may metastasize.[258] Because of 
the locally aggressive nature of BCC in this population, Mohs surgery is the treatment of choice.[124] 

Melanoma also has more aggressive features in the setting of HIV infection. The thickness of the skin lesion has an inverse relationship to CD4+ count. Shorter disease-free and overall survival have also been demonstrated in HIV-positive 
patients with melanoma.[230] The aggressive course of cutaneous malignancy in HIV-positive patients requires a low threshold for biopsy of suspicious skin lesions in these patients.

Squamous Cell Carcinoma

To date, no clear evidence exists that squamous cell carcinoma (SCC) is significantly more common in HIV-positive patients. These patients, however, do experience a more virulent clinical course than the general population. HIV-positive 
patients tend to present at an earlier age with more advanced disease than their HIV-negative counterparts. Singh and others[256] noted that HIV-positive patients presented with a median of stage IV disease and T3 staging at the primary site—
significantly more advanced disease than the median stage III and T2 staging in the general population. As expected, the 1- and 2-year survival rates for HIV-positive patients were also significantly less: 57% and 32%, respectively, 
compared with 74% and 59% in the general population. With the advent of effective antiretroviral therapy HIV-positive patients are living longer, which may increase the incidence of SCC in these patients.

The high rate of tobacco and alcohol use among HIV-positive patients with SCC suggests a similar pathogenesis to that of the general population. Some studies, however, suggest that human papillomavirus (HPV) may play a role in the 
development of SCC, specifically in the tonsil.[92] Theoretically, HIV-related immunocompromise could lead to an increased infection rate of oncogenic virus, resulting in an accelerated disease course in younger patients. [78] [232] HIV-associated 
SCC also appears to have a predilection for the larynx, which is also a favored site for HPV infection as demonstrated by papillomas in the larynx.[84] [232] [256] 
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The diagnosis of SCC can be delayed by the prolonged management of presumed benign disease.[78] The myriad of oral cavity and oropharyngeal lesions in HIV-positive patients makes surveillance for malignant disease quite challenging. A 
high level of suspicion and a low threshold for biopsy, particularly in patients with a history of tobacco and alcohol use, should be maintained to avoid diagnostic delay.

Treatment of HIV-positive patients with SCC may be quite challenging. Although surgical intervention is an important option, patients with advanced disease often require combined therapy. The use of chemotherapy in patients with 
advanced HIV disease may put these patients at significant risk for opportunistic infection. The use of radiation therapy can be limited by the increased toxicity of radiation in HIV-positive patients.[145] 

Lymphoepithelial Cysts of the Parotid Gland

HIV-positive patients have a higher incidence of benign and malignant parotid masses. The increase in benign and malignant lymphoproliferative disorders involving the lymphatic tissue of the parotid gland accounts for this difference 
because salivary tumors of the parotid gland are not known to have an increased propensity for occurrence in HIV-positive patients.[266] Among children with HIV infection, 30% have bilateral parotid enlargement as a result of lymphocytic 
infiltration of the gland parenchyma. This is often associated with pulmonary lymphoid hyperplasia.[238] [315] In patients with AIDS, parotid gland enlargement can result from an AIDS-related malignancy such as NHL or metastatic KS.[128] [191] The 
majority of parotid gland enlargement in HIV-positive patients, however, is the result of a benign cystic lymphoproliferative process known as benign lymphoepithelial cyst (BLC). This type of lesion is associated with ductal metaplasia of 
the parotid gland and typically occurs in a setting of relative immune competence. These lesions are almost always associated with progressive generalized lymphadenopathy.[260] [268] [289] 

Cystic lymphoepithelial disease of the parotid gland produces persistent, nontender parotid enlargement. These lesions have varying proportions of cystic and solid components[239] [267] and although only unilateral clinical disease may be 
evident, radiologic evaluation nearly always reveals bilateral changes.[264] The differential diagnosis of cystic parotid lesions includes Sjögren's syndrome, cystic Warthin's tumor, and branchial cleft cysts. Bilateral cystic Warthin's tumors may 
be differentiated radiologically from BLC based on the presence of focal nodularity in Warthin's tumors and the associated generalized lymphadenopathy of BLC.[264] HIV-associated BLC should be considered in the differential diagnosis of 
all cystic parotid masses.

The histology of HIV-associated BLC is similar to that of parotid enlargement associated with Sjögren's syndrome.[129] The histologic similarities of BLC and Sjögren's syndrome combined with the finding of xeophthalmia and xerostomia in 
selected patients with BLC suggests that HIV infection may trigger an autoimmune process responsible for some cases of HIV-associated parotid gland enlargement.[150] [264] An exuberant lymphoid hyperplasia replaces the parotid parenchyma. 
Germinal centers, epimyothelial islands representing metaplasia of ductal epithelium, and cystic ductal dilatation ( Figure 10-3 ) differentiate BLC from lymphoma.[260] 

The evaluation of an HIV-positive patient who presents with a parotid mass should begin with a thorough history focusing on the time of onset and rate of growth of the mass as well as any symptoms associated with the mass, such as pain. 
Constitutional symptoms such as weight loss, fever, and night sweats should be investigated, and if present, should alert the physician to the possibility of lymphoma or TB. The physical examination should focus on the common features of 
BLCs—the myoepithelial parotid gland should be examined for bilateral masses, and the neck should be examined for PGL. The examiner should look for evidence of malignancy such as induration, fixation, or facial nerve dysfunction.

FNA can be useful in the diagnosis of parotid masses. Unilateral masses or masses suspicious for malignancy should undergo FNA. A study of 99 parotid FNAs in HIV-positive patients found 75% to be consistent with BLCs, 14% were 
infectious/inflammatory, and 6% were neoplastic. Of the neoplastic lesions, all were malignant; there were three NHLs, 

 
Figure 10-3 Photomicrograph of a benign lymphoepithelial cyst island resulting from squamous metaplasia of the ductal epithelium in human immunodeficiency virus-related cystic lymphoepithelial disease of the parotid gland (×200). 



 

Figure 10-4 Computed tomography and magnetic resonance imaging of Aspergillus sinusitis. A, Coronal computed tomography of the paranasal sinuses shows left maxillary sinusitis with erosion of the superior lateral bony wall. B, T2-
weighted axial magnetic resonance imaging of the same case shows thickened left maxillary sinus mucosa with a hyperintense signal consistent with inflammation and a transmural process of the lateral wall with a hypointense signal 
corresponding to the region of bone destruction on computed tomography. Differential diagnosis includes invasive fungal disease, lymphoma, and squamous cell carcinoma. 

 
 

Box 10-4. DIFFERENTIAL DIAGNOSIS OF SENSORINEURAL HEARING LOSS IN HIV INFECTION

Otosyphilis 
 
Cryptococcal meningitis *  
 
Central nervous system toxoplasmosis *  
 
Mycobacterial meningitis *  
 
Central effects of HIV infection 
 
Aseptic meningitis 
 
Autoimmune demyelination of the cochlear nerve 
 
Subacute encephalitis *  
 
Progressive multifocal leukoencephalopathy *  
 
Hodgkin's lymphoma 
 
Non-Hodgkin's lymphoma of the brain and meninges *  
 
Mass lesions of the cerebellopontine angle/internal auditory canal and petrous apex 
 
Ototoxic medications 
 
Cerebrovascular accident 
 
Ideopathic 
 



*Associated with late HIV infection, including acquired immunodeficiency syndrome. 
 
 
The labyrinth is not as common a site of HIV-related pathology as is the central auditory system. Few abnormal findings are present on temporal bone histopathology,[47] even on specimens from which viruses have been cultured.[57] Sudden 
deafness and vestibular hypofunction have occurred in association with acute HIV infection and aseptic meningitis, possibly as a result of a viral labyrinthitis or cochleovestibular neuropathy.[104] The ototoxic effects of new antiretroviral drugs 
and the long-term effects of various drug combinations are not well established. Medications that have potential ototoxic effects when used for long periods of time include acyclovir, aminoglycosides, amphotericin B, azidothymidine, 
flucytosine, pentamidine, azithromycin, and trimethoprim-sulfamethoxazole.[5] [147] [299] Chemotherapy and radiotherapy for the management of malignancy can also lead to ototoxicity and hearing loss. Syphilis and cryptococcal meningitis are 
manageable causes of temporal bone pathology and SNHL, which can cause significant morbidity in HIV-infected patients if they are not discovered and managed in a timely fashion.

Otosyphilis.

HIV is most frequently contracted through sexual contact, accounting for a high coincidence of other sexually transmitted diseases, including syphilis. [259] Otosyphilis should be suspected in any HIV-infected patient who presents with 
cochleovestibular complaints. In turn, HIV infection should be suspected in all patients diagnosed with syphilis. Hearing loss resulting from syphilis is often bilateral, can be progressive or fluctuate, or can have a sudden onset.[56] [168] [311] 
Tinnitus, aural fullness, and disequilibrium occasionally occur. The audiometric curve often shows a low-frequency hearing loss in association with diminished speech discrimination scores.

The diagnosis of otosyphilis is based on history and serologic testing. The fluorescent treponemal antibody absorption (FTA-ABS) test and microhemagglutination-Treponema pallidum (MHA-TP) test are treponeme-specific serologic tests 
with results that remain positive for life, even after eradication of the infection. The Venereal Disease Research Laboratory (VDRL) test or rapid plasmin reagin (RPR) indicate active infection when results are positive along with the FTA-
ABS or MHA-TP. However, the VDRL (or RPR) can be negative in primary and tertiary disease. Although a useful screening tool in low-risk populations, VDRL (or RPR) is not sufficiently sensitive to the study of high-risk groups. In the 
HIV-infected population, as many as 63% of patients have a history of syphilis.[220] In this population, a positive FTA-ABS and cochleovestibular abnormalities are strongly predictive of otosyphilis.[220] These patients should undergo therapy for 
otosyphilis even if the VDRL is negative.

Progression of primary syphilis to otosyphilis and neurosyphilis is accelerated in HIV-positive patients, even after appropriate management.[259] The interval between primary infection and onset of otosyphilis appears to be shortened to 2 to 5 
years in HIV infection compared with 15 to 30 years in the general population. Viable treponemes have been found in perilymph[311] and in temporal bone tissue[174] of patients clinically cured of syphilis. Smith and Canalis[259] hypothesized that 
residual treponemes, which remain dormant in the temporal bone, are reactivated as cell-mediated immunity deteriorates because of HIV infection. Otosyphilis should therefore be suspected in an HIV-infected patient with cochleovestibular 
abnormalities and a previous history of treated syphilis because labyrinthine disease may result from reactivation, reinfection, or persistent treponemal infection.

The mainstay of management of otosyphilis is penicillin and corticosteroids. Use of corticosteroids in an HIV-infected patient may be associated with a risk of further immunocompromise, leading to infectious complications. Corticosteroid 
therapy should be of short duration and be given in close consultation with the patient's primary care provider. Higher than usual doses of penicillin and longer management times have been suggested for the treatment of otosyphilis because 
organisms tend to persist in the temporal bone. A more aggressive management regimen may be especially necessary in HIV-infected patients who cannot take corticosteroids. These patients will not benefit from the proposed salutary effects 
of corticosteroids on endarteritis, which increase vessel patency for improved delivery of antibiotics to the temporal bone.[56] [259] Smith and Canalis[259] propose a 3-week course of up to 24 million units/day of penicillin G in HIV-infected 
patients.

Sensorineural Hearing Loss Caused by Cryptococcal Meningitis.

Cryptoccal meningitis is an opportunistic infection by the fungus Cryptococcus neoformans and is considered an AIDS-defining illness. Before the introduction of HAART, opportunistic infections
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with C. neoformans have been reported to occur in as many as 5% of HIV-positive persons, with meningitis as the most common infection. [54] Since the introduction of HAART, the incidence has decreased by approximately one half.[138] 
Cryptococcal meningitis is associated with severe immunocompromise and rarely occurs when the CD4+ count is greater than 100 cells/mL. Permanent SNHL occurs in as many as 27% of patients with non-HIV-related cryptococcal 
meningitis[165] ( Box 10-5 ). Deafness may be sudden or rapidly progressive, and it is often bilateral.[180] Audiometry, including discrimination scores and auditory brainstem response studies, demonstrate predominantly retrocochlear pathology.
[113] [180] Cryptococcal meningitis can also be associated with facial nerve weakness and dysequilibrium, which usually occurs after the onset of hearing loss.[155] [180] 

Temporal bone histopathology supports the retrocochlear audiometric features of cryptococcus-induced hearing loss. C. neoformans causes extensive invasion and destruction of the fibers and spiral ganglion of the cochlear nerve. Relative 
sparing of cochlear structures and vestibular nerves occurs in most cases of cryptococcal meningitis, except in fulminant infections.[113] [127] [154] [181] Less prominent involvement of the vestibular nerve on temporal bone histopathology is seen, 
consistent with the clinical picture of relative sparing of the vestibular system.[113] [180] 

The diagnosis of cryptococcal meningitis may be delayed because of its sometimes indolent course. The most common presenting symptoms are frontal headache (71%), cranial nerve abnormalities (66%), disorientation (52%), and nausea 
and vomiting (50%).[165] [180] Meningeal signs and fever may be found in one half of patients. However, patients with cryptococcal meningitis may only complain of sudden hearing loss.[181] Hearing loss is the most common cranial nerve 
manifestation, followed by abnormal papillary reflexes, extraocular muscle paralysis, facial nerve paralysis, and blurred vision. Intracranial hypertension is thought to be the primary cause of visual and extraocular abnormalities associated 
with cryptococcal meningitis.[133] [142] 

 
 



Box 10-5. CRYPTOCOCCAL MENINGITIS AND SENSORINEURAL HEARING LOSS (SNHL)

Associated with low CD4+ counts (<100 cells/µL) 
 
Common presenting symptoms: frontal headache, cranial nerve abnormalities, disorientation 
 
Sudden or rapidly progressive SNHL may be the only symptom 
 
Rule out cryptococcal meningitis by lumbar puncture before treating with corticosteroids for sudden SNHL 
 

 
 
If SNHL resulting from cryptococcal meningitis is misdiagnosed as idiopathic sudden hearing loss or autoimmune inner ear disease, management with corticosteroids places the patient at risk of developing fulminant life-threatening 
cryptococcal infection. Sudden and rapidly progressive hearing loss in an immunocompromised HIV-infected patient should therefore include serum cryptococcal antigen and a lumbar puncture before corticosteroid therapy is considered. 
The cerebrospinal fluid (CSF) abnormalities that are most commonly associated with cryptococcal meningitis are an elevated cell count (may be normal in severe cases), an increased protein level, and a high opening pressure.[165] The 
diagnosis is made by the detection of cryptococcal antigen and by the identification of C. neoformans on culture. Visualization of the encapsulated budding yeast using India ink is a quick and easy but less sensitive test. The current standard 
therapy is at least 2 weeks of amphotericin B (0.7 mg/kg/day) with or without 5-fluorocytosine, followed by high-dose fluconazole (at least 400 mg/day) for approximately 6 weeks, and then life-long suppression therapy with fluconazole 
(200 mg/day).[310] Persistent intracranial hypertension may require serial lumbar punctures, acetazolamide, or ventricular-peritoneal shunt placement.[133] 

Evaluation of Sensorineural Hearing Loss

The first priority in the evaluation of SNHL in a patient with HIV infection is to rule out potentially life-threatening disease. A thorough history should include a description of the rate of progression of hearing loss and the presence of 
dysequilibrium, other neurologic symptoms, headache, fever, or neck stiffness. A complete list of all medications should be obtained and ototoxic drugs discontinued if medically feasible. A complete head and neck and neurologic 
examination should be performed. An audiometric evaluation should include a pure tone audiogram, stapedial reflex testing, and speech discrimination scores. Electronystagmography is useful in the evaluation of dysequilibrium to assess 
peripheral function. Laboratory studies, including VDRL, FTA-ABS, serum cryptococcus antigen, antinuclear antibodies, erythrocyte sedimentation rate (ESR), and rheumatoid factor (RF) titers should be routine in the evaluation of patients 
with SNHL. If SNHL is accompanied by headache, fever, meningeal signs, or other neurologic abnormalities, head CT or MRI should be followed by lumbar puncture. Patients with advanced immunocompromise and progressive or sudden 
SNHL should also undergo brain imaging followed by CSF examination.
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Cryptococcal antigen and fungal, mycobacterial, and bacterial cultures should be performed. CSF should also be examined for cytology, VDRL and cell count, protein, and glucose. MRI of the cerebellopontine angle with gadolinium should 
be considered in patients with asymmetric hearing loss and an otherwise negative workup to rule out acoustic neuromas or other lesions of this region. Auditory brainstem response abnormalities are common in the HIV-infected population, 
rendering this test insensitive for the detection of cochlear nerve pathology caused by mass lesions in the cerebellopontine angle and internal auditory canal.

Management of hearing loss in the HIV-infected population should focus on the underlying cause. As mentioned above, indiscriminate administration of corticosteroids in the setting of HIV infection is risky. There may be multiple causes of 
hearing loss during the course of HIV infection. As a result, the clinician should be prepared to repeat the evaluation in search for new causes of SNHL in cases of sudden and rapid deterioration of residual hearing. Finally, auditory 
rehabilitation with hearing aids has an important role in maintaining the quality of life in an otherwise disabling and isolating disease.

Facial Nerve Paralysis

Unilateral and bilateral idiopathic facial nerve paralyses occur with a 100-fold greater frequency in the HIV-infected population: 4.1%[244] vs about 0.04% in the general population. Isolated facial nerve paralysis more commonly occurs in 
early-stage HIV infection,[16] [18] [35] whereas facial nerve paralysis in patients with AIDS may be accompanied by other cranial neuropathies and neurologic abnormalities. [288] For patients with early-stage isolated facial nerve paralysis, recovery 
appears to be more common than persistent palsy, although the literature in this area is sparse.[151] The differential diagnosis for facial nerve paralysis in HIV-positive patients is quite broad and includes infectious, neoplastic, and autoimmune 
etiologies ( Box 10-6 ).

Facial nerve palsy may be one of several neurologic abnormalities resulting from AIDS-related CNS disease.[17] [155] [163] Lalwani and Sooy[155] reported that facial nerve paralysis was present in 7.2% of AIDS patients with neurologic disease. 
Facial nerve paralysis occurred in 30% of patients with toxoplasmosis, 22% of patients with AIDS encephalopathy, 13% of patients with CNS lymphoma, and 8.7% of patients with cryptococcal meningitis.[155] Facial nerve paralysis may also 
be one of several neurologic deficits caused by progressive multifocal leukoencephalopathy, the progressive demyelinating disease of the CNS.[17] [156] [167] There is strong evidence that on crossing the blood-brain barrier, HIV incites a host-
mediated autoimmune demyelination of cranial nerves similar to Guillain-Barré syndrome.[3] [55] Increased immunoglobulins and lymphocyte pleocytosis in the CSF often occurs in association with facial nerve and other cranial neuropathies, 
supporting an autoimmune etiology in some cases of cranial polyneuropathy.[16] [89] 

 
 



Box 10-6. DIFFERENTIAL DIAGNOSIS OF FACIAL NERVE PARALYSIS IN HIV INFECTION

 
Isolated Facial Nerve Paralysis 

Geniculate ganglionitis 
 
Herpes zoster 
 
Herpes simplex, cytomegalovirus, Epstein-Barr virus, or 
 
HIV 
 
Neuritis 
 
HIV 
 
Autoimmune demyelination 
 
Mononeuritis 
 
Malignant otitis externa 
 
Complicated otomastoiditis 
 
Space-occupying lesion of cerebellopontine angle/internal auditory canal 
 
Malignancy of parotid gland or temporal bone 
 
Ideopathic 
 

 
Facial Nerve Paralysis Associated with other Neurologic Abnormalities 

Effects of HIV infection 
 
Autoimmune demyelination 
 
Mononeuritis multiplex 
 
Subacute encephalitis 
 
Central nervous system infections 
 
Toxoplasmosis 
 
Cryptococcal meningitis 
 
Progressive multifocal leukoencephalopathy 
 
Mycobacterial meningitis 
 
Central nervous system neoplasms 
 
Non-Hodgkin's lymphoma 
 
Metastatic Kaposi's sarcoma 
 
Skull base neoplasm 
 
Cerebrovascular accident 
 



 
 
Isolated facial nerve paralysis may be the first symptom of HIV infection occurring in association with the acute infection or thereafter.[17] [314] An exception to this is Ramsey-Hunt syndrome, which occurs more frequently in the setting of 
impaired cell-mediated immunity in later stages of HIV infection. When associated with acute HIV infection, transient facial nerve paralysis precedes seroconversion by 4 to 6 weeks,[308] complicating the early diagnosis of HIV in patients who 
present with facial nerve palsy. Aseptic meningitis is commonly associated with facial nerve paralysis in this setting.[151] [214] A flu-like illness marked
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by fever, myalgia, lymphadenopathy, diarrhea, and a rash usually precedes the onset of facial palsy by 3 weeks.[196] [244] 

The pathogenesis of isolated facial nerve weakness in HIV infection is similar to that in the general population but is likely to be influenced by the neurotropic effects of HIV and the increased susceptibility of the host to other infectious 
agents (see Box 10-6 ). Nerve conduction measurements using magnetic stimulation reveal normal function of the intracranial portion of the nerve and its cortical and bulbar connections. [236] However, the intratemporal portion of the nerve 
shows abnormal conduction properties and clinical evidence of complete axonotmesis in most cases. This is supported by MRI findings of increased enhancement of the facial nerve in the labyrinthine portion of the fallopian canal, especially 
in the perigeniculate region.[67] [241] 

The underlying mechanisms of HIV-related isolated facial nerve paralysis therefore appear to be similar to those of Bell's palsy and herpes zoster oticus. Inflammation of the nerve leads to intraneural edema and nerve compression at the 
meatal foramen and the narrow labyrinthine segment of the canal. A viscous cycle of nerve ischemia is followed by further swelling and compression, resulting in progression from neuropraxia to axonotmesis and degeneration. The viral 
agents that produce facial nerve dysfunction are ambiguous.[198] Inciting events leading to this cascade are likely to occur in the geniculate ganglion where herpes simplex[285] or herpes zoster[16] [190] may be reactivated in the immunocompromised 
patient, or there may be primary infection by CMV, EBV, or HIV. Zoster oticus is a relatively infrequent cause of facial nerve paralysis in association with HIV infection. However, when it occurs in a patient diagnosed with or at risk for 
HIV infection, it is a predictor of deteriorating immune function and impending AIDS.[183] The prevalence of HIV infection among patients with idiopathic facial nerve paralysis is disproportionately high in endemic populations of Africa, 
accounting for 25% of cases in Kenya[6] and 69% of cases in Central Africa. [16] This variation in the prevalence of HIV-related facial nerve paralysis in different parts of the world suggests that either different endemic organisms are involved 
or there are several strains of the same organism with different neurotropic properties. HIV strains, for instance, are known to differ in their neurotropism.[163] 

The often reported association among acute HIV infection, aseptic meningitis, and acute facial paralysis supports a direct role by HIV in some cases. [244] [288] HIV may directly infect the geniculate ganglion or Schwann cells. Alternatively, 
inflammation associated with autoimmune demyelination of the nerve in response to infection of the CNS by HIV can result in facial nerve compression in the narrow segments of the fallopian canal. Etiologic agents thought to be involved 
in the pathogenesis of Bell's palsy in the general population (e.g., herpes simplex)[36] [192] may infect the geniculate ganglion, or latent infection may be reactivated at an increased rate in the HIV-infected population.

Evaluation and Management

The work-up of facial nerve weakness may provide the initial diagnosis of HIV infection. Belec and others[18] reported that 15 of 16 patients with HIV-related facial palsy were diagnosed with HIV in the course of their evaluation for facial 
weakness. However, because HIV-related facial nerve paralysis can occur before HIV seroconversion and the symptom onset of HIV infection, the true diagnosis can be easily missed.[151] Facial nerve paralysis has a high predictive value for 
HIV infection in populations with high rates of seroconversion.[6] [18] HIV serology should therefore be included in the routine evaluation of facial nerve paralysis, especially in patients with high-risk behavior. The clinician's suspicion for HIV 
infection should be further increased by the presence of bilateral facial nerve paralysis, a recent flu-like illness, and Ramsay Hunt syndrome with disseminated herpes zoster. Because the onset of facial weakness may precede HIV 
seroconversion, negative HIV test results in patients at risk for HIV infection should be followed by a repeat test in 6 weeks.[151] 

Evaluation of facial nerve paralysis in HIV-infected patients should include a search for potentially life-threatening and treatable causes, such as malignant OE, temporal bone and parotid tumors, cryptococcal meningitis, and toxoplasmosis 
or NHL of the CNS. The history should include an account of other symptoms associated with facial nerve paralysis, including neurologic symptoms, headache, meningismus, and fever. A recent history of a flu-like illness may indicate acute 
HIV infection. The physical examination should include a complete neurologic examination. Otoscopy should be routinely performed to rule out middle ear and EAC pathology. Vesicles in the concha and EAC, especially when associated 
with otalgia, are diagnostic of zoster oticus. The parotid glands should be palpated for masses. Audiometry should be routinely performed as part of the cranial nerve evaluation. Blood should be tested for cryptococcal antigen, VDRL, FTA-
ABS, ESR, and antinuclear antibodies.

Subsequent tests should be directed by the level of immunocompromise, results of the neurologic evaluation, and time course of the facial paralysis. The presence of other neurologic abnormalities along with facial nerve dysfunction, 
especially in the setting of AIDS, should raise the clinician's suspicion of an
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intracranial process. A brain MRI should be performed in search for toxoplasmosis, NHL, and PML.[164] [262] A lumbar puncture should be performed and CSF sent for cell counts; glucose; protein; VDRL; cryptococcal antigen; immunoglobulin 
panel to evaluate for demyelinating process; fungal, viral, and bacterial cultures; and cytology for lymphoma. Unfortunately, lymphomatous meningitis is not always detected with the use of brain imaging or CSF cytology. Serial CSF 
cytology may have to be performed in the setting of persistent or progressive cranial polyneuropathy and other neurologic findings. In patients with a history of systemic NHL, a presumptive diagnosis of CNS lymphoma can be made and 
empiric management of the brain with radiotherapy considered.[262] Isolated and idiopathic facial nerve palsy in an asymptomatic and relatively immunocompetent HIV-infected patient may be followed clinically, similar to Bell's palsy in the 
general population. The absence of improvement in facial function by 4 to 6 weeks should lead to MRI or CT of the brain, temporal bones, and parotid glands to rule out pathology in these locations, followed by examination of the CSF.

HIV-infected patients with facial nerve paralysis, especially those with bilateral disease, are at increased risk for exposure keratitis because of poor eye closure. When eye closure is insufficient to protect the cornea, artificial tears should be 
used throughout the day, and a moisture chamber should be placed over each involved eye at bedtime. Frequent oral rinses and effective dental hygiene should be instituted to protect against periodontal disease, which may be exacerbated by 
loss of oral competence and oral dryness.

Medical therapy may be beneficial in some cases of HIV-related facial nerve paralysis, whereas other cases resolve spontaneously. Zidovudine has been proposed for early HIV-related paralysis, but there are no well-controlled studies to 
demonstrate efficacy. Corticosteroids, which are used in the management of Bell's palsy in immunocompetent patients, may increase the risks of life-threatening infection in HIV-infected patients. However, in early HIV infection, especially 
in cases of bilateral facial paralysis, a short course of corticosteroids should be given because the risks of management are outweighed by the possible ophthalmologic and dental complications of the neuropathy. High-dose acyclovir may be 



beneficial in HIV-infected patients with an idiopathic facial palsy, although this has not been systematically studied.[154] Plasmapheresis may be considered for patients who are significantly disabled by multiple cranial nerve deficits resulting 
from autoimmune demyelination similar to Guillain-Barré syndrome and in whom corticosteroid therapy is too risky.[164] The role of surgical decompression of the entrapped facial nerve in HIV infection is unknown. However, the potential 
benefit of improved nerve recovery should be weighed against the risks of craniotomy in the presence of immunocompromise.

The literature on the quality of facial nerve recovery in HIV infection is sparse. Complete recovery is more commonly reported than is incomplete recovery. The duration of weakness ranges from days to months and tends to be shorter and 
associated with a better outcome in early HIV infection.[151] 

ORAL MANIFESTATIONS OF HIV INFECTION

Oral lesions occur in almost all patients during the course of HIV infection.[62] The most commonly encountered oral manifestations include candidiasis, oral hairy leukoplakia (OHL), KS, periodontal and gingival infections, aphthous ulcers, 
herpes simplex stomatitis, and xerostomia ( Box 10-7 ). The presence of one or more of these oral lesions in a patient who is at risk for HIV infection is highly predictive for HIV seroconversion.[185] KS and NHL are the most prevalent 
malignancies occurring in the oral cavity and pharynx. However, as the longevity of patients with AIDS increases, so does their risk of developing other malignancies. The clinician should be prepared to handle this increasing challenge (1) 
by being familiar with the oral lesions that commonly occur in this patient population, (2) by performing biopsies of all lesions that are suspicious or that do not respond to a short course of empiric therapy, and (3) by not assuming that 
multiple concurrent lesions have the same pathogenesis.

Oral Candidiasis

Candidal infection is the most common oral manifestation of HIV infection. Oral candidiasis occurs in 70% to 90% of patients with symptomatic HIV infection
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and AIDS.[253] Oral candidiasis appears to be presenting in increasingly advanced stages of HIV infection according to a report by Glick and others,[94] who demonstrated a mean CD4+ count of 149.5 cells/mL at diagnosis. These patients have a 
poorer than average prognosis and progress rapidly to AIDS.

 
 

Box 10-7. DIFFERENTIAL DIAGNOSIS OF ORAL LESIONS IN HIV INFECTION

Oral candidiasis 
 
Oral hairy leukoplakia 
 
Herpes stomatitis 
 
Gingival and periodontal disease 
 
Acute necrotizing ulcerative gingivitis *  
 
Necrotizing stomatitis 
 
Aphthous ulcers 
 
Bacillary angiomatosis *  
 
Squamous cell carcinoma *  
 
Leukoplakia 
 
Non-Hodgkin's lymphoma *  
 
Kaposi's sarcoma 
 

*May be associated with bone erosion. 
 
 
Candidal infection of the oral mucosa can take four forms[101] : (1) Pseudo-membranous candidiasis presents as a smooth white or cottage cheese-like plaques that can occur on any mucosal surface. When the plaque is wiped off, an 
erythematous and bleeding base remains. (2) Atrophic candidiasis presents as zones of hyperemia and tenderness on the dorsum of the tongue or the hard palate. (3) Hyperplastic candidiasis most commonly involves the buccal mucosa to 
produce raised white plaques that cannot be scraped off. The differential diagnosis of this lesion includes leukoplakia, carcinoma in situ, and OHL. Diagnosis is made by biopsy or potassium hydroxide preparation, which reveals hyphae and 
yeast. (4) Angular cheilitis presents as tender and erythematous fissures and ulcers at the oral commissure ( Figure 10-5 ).

Candidal infection can be diagnosed based on the resolution of these lesions with empiric anticandidal therapy. A more definitive diagnosis can be made through the use of a potassium hydroxide preparation or Gram's stain of a scraping or 



by periodic acid-Schiff stain of a biopsy specimen. Topical therapy is effective for oral candidiasis in early HIV infection. Nystatin solution (200,000 to 400,000 units five times/day) or clotrimazole (10 mg five times/day) are commonly 
used. Angular cheilitis can be managed with topical antifungal creams, such as nystatin, clotrimazole, or ketoconazole. Oral candidiasis can also be effectively managed with systemic therapy, including ketoconazole (200 mg/day) or 
fluconazole (50 mg/day). A combination of topical and systemic therapy should be used in patients in severe immunocompromise.

Oral Hairy Leukoplakia

OHL is a white lesion with a corrugated and shaggy surface; it most frequently occurs on the lateral surface of the tongue. OHL affects 17% to 25% of HIV-positive patients with AIDS and was initially thought to be pathognomonic for HIV 
infection.[94] [253] Several case reports, however, have demonstrated OHL in immunosuppressed transplant patients.[102] [276] OHL appears to result from a local opportunistic infection by EBV.[103] Its presence in an otherwise asymptomatic patient is a 
strong indicator of a diagnosis of HIV infection and moderate to severe immunosuppression. In one series, the mean CD4+ count of patients with OHL was 143 cells/mL.[94] OHL indicates a poor prognosis for progression to AIDS.[101] The 
presence of 

 
Figure 10-5 Pseudomembranous candidiasis and angular cheilitis. A, Pseudomembranous candidiasis of the lateral surface of the tongue. These smooth white plaques are easily scraped from the mucosa, leaving an erythematous and 
bleeding base. B, Angular cheilitis characterized by tender ulcers and fissures of the oral commissure as a result of candidal infection. (Courtesy of Dr. Steven Ashman.) 

 

Figure 10-6 Photomicrograph of oral hairy leukoplakia. Characteristic hyperparakeratosis is present, as is a layer of "balloon cells" in the upper spinous cell layer. (Courtesy of Dr. Russel Corio.) 

 

Figure 10-7 Major aphthous ulcer (Sutton's disease) of the lower lip. This lesion is indistinguishable from lymphoma or squamous cell carcinoma and should undergo biopsy. (Courtesy of Dr. Steven Ashman.) 
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and a 10% rate of mutations associated with protease inhibitor resistance. Unfortunately, clinical data and current laboratory techniques do not allow for accurate, timely analysis of viral resistance, and thus two or more antiviral drugs are 
typically used for prophylaxis after an occupational exposure.[87] 



PEP has been associated with significant adverse effects. One half of health care personnel taking PEP report adverse effects and one third discontinue PEP as a result.[302] Minor adverse effects such as GI discomfort are the most common. 
Severe effects such as hepatitis, pancytopenia, impairment or extraocular muscles, and nephrolithiasis have been reported. Nevirapine in particular has been associated with multiple severe adverse effects and is no longer recommended for 
prophylaxis.[4] [246] 

SUMMARY

The emergence of HIV has dramatically changed the landscape of medicine both in the United States and throughout the world. In virtually all fields of medicine, the management of HIV-positive patients has proved challenging. A clear 
understanding of the basic pathophysiology of HIV infection combined with the common manifestations in the ear, nose, throat, oral cavity, and neck will allow otolaryngologists to effectively evaluate and manage HIV-positive patients.
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INTRODUCTION

The social and economic significance of the graying of America has received a great deal of attention in recent times. Numerous articles and editorials in the literature document the projected rate of growth of the geriatric population and how 
it will affect the practice of medicine. Together, geriatricians and other specialists in geriatric medicine and surgery are developing a system of care that keeps elderly adults healthier, more functional, and more independent at older ages than 
was previously possible. Otolaryngologists have taken up the challenge of describing and treating problems involving the senescent ear, nose, and throat, especially disorders involving communication. However, otolaryngologists are more 
familiar with the relationship of pathophysiology to disease than with the relationship of the disease to the elderly. [33] In our role as communication specialists, otolaryngologists are a key resource for helping the elderly to avoid isolation.

MAGNITUDE

In 1900, only 4% of the United States population lived to age 65; since then, this number has increased significantly. By 1960, the proportion had increased to 9%. In 1994, it was 12.6%. Recent estimates indicate that, by 2030, more than 
20% of the population will be more than 65 years old. The proportion of the population over the age of 65 is not only increasing, but it is increasing at an accelerating pace. This population has expanded so much that it is now often divided 
into the "young old" and the "old old" (85 years old or older). The old old is the fastest-growing subgroup of the population: currently, there are 3.5 million people who are 85 years old and older, and it is anticipated that this subgroup will 
represent 7 million people by 2020 and double to 14 million people by 2040. [79] The truth is that the growth of this subgroup of the population represents more than a demographic change; the old old as a group use the healthcare system more 
than younger groups. In 1989, the segment of the population that was 65 years old and older accounted for more than 29% of medical expenditures, although they made up only 11% of the population.[33] The expected growth of the geriatric 
population portends a significant impact on society's social, economic, medical, and ethical needs and obligations.



Demographic changes in population will be important, as will the changes in the social support systems. The old age dependency ratio is a measurement used to summarize the relationship between the elderly and the young in a population. 
This number is obtained by dividing the population that is 65 years old and older by the working population (individuals between the ages of 18 and 64). Currently there are approximately 5 supporting individuals for every elderly person. By 
2050, this number is expected to drop to 2.5.[79] Although this is a crude number, it is nevertheless informative of the changing demographics of our population.

Ratios within the population also demonstrate the rapidly expanding population over the age of 85. With this increase in the old old, we now can see larger group of elderly caring for their parents. In 1990, there were 31 persons 85 years old 
or older for every 100 persons between the ages of 65 and 69. By 2010, this number is expected to reach 52, and, by 2050, the number is expected to reach 109.[79] It is easy to see how this increase in the old old population will tax society at 
large and how the young old could be affected as primary caregivers.

Although disability and disease are greatest in the elderly population, not everyone over age 65 is ill or disabled. Forty-five percent of elderly surveyed reported their health as excellent or very good as opposed to 24% reporting fair or poor 
health. That
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being said, limitations in activities of daily living are seen in the elderly population and increase with age. Fifty-three percent of people over the age of 85 report functional limitations[38] ; these limitations can result in an increase in the 
dependence of the elderly.

Aging is not well understood, but there are various theories about its mechanism. Aging can be viewed as the maturation of an organism from birth through death through a series of "natural causes," as a result of genetically programmed 
changes, or as a result of insults to the organism over time. As research continues to investigate aging, some of these fundamental questions will be answered. In the meantime, however, we will all need to learn how to best care for the aging 
patient.

BASIC PRINCIPLES OF GERIATRIC MEDICINE

Irvine[31] defined six basic principles that are useful in the care of elderly patients. Clinical decisions in this patient group tend to be complex, and these fundamentals are worthy of review and emphasis. 

1.  Coexistence of multiple diseases: The unitary disease hypothesis usually does not apply. As people age, they accumulate medical diagnoses, both major and minor. These comorbidities can have an impact on the presentation and 
response to therapy in the elderly. Signs and symptoms are more likely to be the result of several medical problems.

2.  Unique spectrum of illness: In addition to many of the diseases seen in their younger counterparts, the elderly tend to suffer certain diseases that occur only in old age. This includes a wide range of degenerative disorders and certain 
cancers.

3.  Unusual presentation of illness: Typical symptoms, such as fever and pain, are often absent, and nonspecific symptoms, such as anorexia or falling, may herald a serious underlying disorder.
4.  Proper role of the aging process: Differentiating treatable disease from the natural aging process may be difficult, particularly in the area of degenerative diseases. Most geriatric specialists believe that patients and families have a 

tendency to overrate the role of aging. As a result, they experience unnecessary suffering and dysfunction; specific disease processes should be sought and treated whenever possible.
5.  Underreporting of health problems: Patients and families often fail to report symptoms commonly relegated to old age.
6.  Function-based treatment goals: Improving a patient's quality of life may shift therapeutic goals toward maximizing function and independence, possibly at the expense of potential for cure.

Medical care provided to the elderly serves several purposes. Treatment can be directed at specific acute disease processes, and the goal of this therapy can be curative or paliative. Health care interaction can be directed toward chronic 
conditions related to the aging process, such as presbycusis. Treatment can be directed toward reversing these conditions, preventing further disability, or educating patients about their condition. Providing preventive encounters is an 
important function of all health care practitioners. Otolaryngologists should take advantage of opportunities during patient encounters to educate patients about activities that they are involved in that have implications regarding their future 
health.

The goal of therapy, whether palliative or curative, must be explicitly discussed with patients and their familes to ensure that everyone is on the same page and considering the patient's global state of health.[38] Difficulties can arise when there 
is a difference in goals between a patient and his or her adult children or when the patient's or family's expectations are unrealistic. As the population ages, society may be forced to make some of these decisions as an increasing population 
competes for limited resources. Additionally, the financial burden that this population places on society will need to be addressed.

ACCESS TO MEDICAL CARE

A decreased level of strength and confidence may limit the ability of the elderly to visit a physician's office or the hospital, especially in the absence of strong family or community support. Social support systems often function better for 
acute and more serious problems; therefore, the well-known benefits of early detection and treatment may be lost. The high cost of modern health care may also create a relative barrier.

Society and physicians share a responsibility for providing care to all segments of the population, and a point can be made for making allowances for the elderly. Physicians remain the most effective patient advocates, despite the increasing 
role of other parties.

An additional barrier to care may be difficulty in obtaining accurate data from this population. The elderly have a relatively high incidence of memory impairment and cognitive dysfunction, which can significantly affect the ability of the 
practitioner to obtain an accurate history.[33] Even the presence of involved caregivers (e.g., adult children) may not be enough to provide complete and historic data regarding exposures and pediatric, surgical, and medical health histories.

DIAGNOSTIC TESTING

Because of the general principles mentioned previously, diagnosis may be the most challenging aspect of
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medical care in the elderly population; the focus should be on identifying treatable diseases and symptoms. A good deal of judgment is required to separate specific illness from the adverse (but natural) effects of aging, and it is usually not 
appropriate to attribute symptoms to aging unless other causes have been ruled out.

Invasive diagnostic procedures are relatively contraindicated when functional reserve is poor. Fortunately, modem diagnostic techniques—especially in imaging—have limited the need for invasive procedures.

TREATMENT

Medical Therapy

The proper use of medications is particularly important in the elderly. Indeed, one study showed that adverse effects of medication were the most common cause of symptoms that were confused with senile dementia.[43] Adverse effects of 
medication are also among the most common causes of hospital admissions in the elderly. According to Avon and Gurwitz,[2] any symptom in an elderly patient may be a drug side effect until proved otherwise. Up to 60% of elderly patients 
hospitalized for major surgical procedures suffer acute delerium or confusion.[38] It is well known that sensitivity to drugs increases with advancing age, but the reasons for this are not completely clear. There is some evidence that drug 
metabolism by the liver and clearance by the kidney both decline as one ages, but this does not explain the entire phenomenon. Drug receptors at the cellular level actually seem to increase in sensitivity. Drug interactions can be prevented by 
carefully evaluating existing drug therapy before starting any new medicines; this is especially important in the geriatric population, because most elderly patients are taking several drugs (both over the counter and prescription) at any given 
time.

Finally, use of some medications by the elderly should be completely avoided because of the known high incidence of side effects. A good example is sympathomimetic decongestants in elderly men, which frequently cause urinary retention.

Surgery

The decision to operate is never made lightly, and this is particularly true for the elderly patient. The physiologic changes that occur with aging affect the body's ability to respond to insults. Thus, wounds in the elderly heal slower; this is a 
result of retarded fibroplasia and decreased ability to remodel collagen. Santos and Gelperin[73] reported an overall mortality rate of 4.9% (8% for major surgery and 0.9% for minor procedures) in 1286 operations performed on patients that 
were more than 70 years old. Similarly, Seymour and Pringle [77] encountered life-threatening complications in 18.6% of 258 elderly surgical patients, of whom 5.8% died. Complications and mortality were more common after emergency 
procedures. Inactive patients (those who left their home less than twice weekly during the month before surgery) fared poorly and had a particularly high incidence of respiratory and cardiac complications.

THE AGING EAR

The normal process of aging affects all parts of the ear, but the greatest clinical impact is on cochlear and vestibular function. Presbycusis, which is the loss of hearing that is associated with aging, is the most common type of auditory 
dysfunction and is thought to be due to a series of insults over time, including age-related degeneration, noise exposure, and diseases of the ear. It is greatly affected by genetic background, diet, and systemic disease. Vestibular symptoms are 
present in more than half of elderly persons. Because balance depends on input from the ears, eyes, and peripheral sensory systems—all of which degenerate over time—impaired function in any of these systems contributes to vestibular 
complaints.

The pinna is commonly involved in actinic disorders, especially basal and squamous cell carcinoma. Sun protection and frequent inspection are important. The external auditory canal suffers a decrease in cerumen production due to 
degeneration of cerumen glands and a reduction in the total number of glands. This may lead to a drier cerumen that is less protective of the underlying skin and may result in a higher incidence of impaction and infection. Ceruminosis can be 
exacerbated by an increase in hair at the external auditory meatus. The skin also undergoes atrophy, which results in itching, fragility, and subsequent self-induced lacerations. The use of topical emollients has been recommended for difficult 
cases.

Mild middle ear histologic changes may be caused by the inflammatory effects of degenerative arthritis on arthrodial joints (incudomalleolar and incudostapedial). Histopathologic correlates may include hyalinization or calcification of the 
joint capsules and calcification of the articular cartilage. Little or no conductive hearing loss has been associated with these conditions.

Presbycusis, which is the auditory dysfunction associated with the aging process, is a generic term used to include several forms of the degeneration of hearing. This very common disorder, which affects up to 40% of the geriatric population,
[38] may have a devastating effect on older individuals by reducing their ability to communicate, thereby jeopardizing autonomy and limiting opportunities of being an active member of society. With the growth of the aged population,
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presbycusis has become a great challenge to the otologist. The secondary effects of sensory deprivation include changes in perception, changes in personality (especially introversion), social disengagement, and socioeconomic considerations.
[17] 

Prevalence of Presbycusis

Accurate estimates of the prevalence of presbycusis in particular (and sensorineural hearing loss in general) are not available. However, survey data demonstrate that the estimated number of hearing-impaired people in the United States is 
20,732,000, which is 8.8% of all Americans.[11] The tendency is for hearing-impaired people to underreport their hearing loss, so the numbers may be higher.

The specific causes of presbycusis are speculative at this time, but they are likely a combination of the effects of years of function; exposure to noise, chemicals, and so forth; and genetically programmed biologic degeneration. There is direct 
evidence of a gradual loss of cells of most organ systems that accompanies the aging process. This decrease in normal weight, cell count, and other cellular components is found in all aging organisms. Remaining cells may be larger, and total 
body mass may change only slightly changed during aging due to an increase in adipose tissue.

Physiologic changes include decreased oxygen use, reduced circulation, intracellular accumulation of lipofuscin and other substances, and extracellular deposition of cholesterol lipids.

Aging may also be seen as a degenerating genetic cellular system. Genetic damage may be a result of random deterioration as well as programmed deterioration. In the former, somatic cell genes undergo the inactivation of deoxyribonucleic 
acid at an irregular rate that accumulates throughout life. In the latter, there is selective activation and repression of genes during ontogeny of the cell.[87] 



It is clear that morphologic changes in human beings (as well as animal models) regularly demonstrate the age-related loss of inner and outer hair cells and supporting cells, primarily from the basal turns of the cochlea. Outer hair cells 
decrease more than inner hair cells. Age-related loss of eighth nerve fibers has been reported to be as high as 20% in old rats.[25] Age-related changes may occur as high as the superior olivary complex in the brainstem.

Nixon,[61] in 1962, and previously Glorig and Davis[19] showed high-frequency conductive hearing losses attributed to stiffness and laxity of the joints in the aging middle ear. They also proposed the concept of an inner ear conductive hearing 
loss due to stiffness of the cochlear partition.

Gacek and Schuknecht[17] defined four histopathologic types of presbycusis: (1) sensory, which is characterized by hair cell loss; (2) neural, which is associated with the loss of spiral ganglion cells and axons; (3) metabolic, which is 
characterized by strial atrophy; and (4) mechanical or conductive.

Sensory Presbycusis

The audiometric findings in this type of presbycusis include an abrupt, steep, and high-frequency sensorineural loss with slow symmetric bilateral progression, usually beginning during middle age. Pathologic lesions are limited to the first 
few millimeters of the basal turn of the cochlea. There is flattening and atrophy of the organ of Corti due to the loss of hair cells and supporting cells. There is also an accumulation of lipofuscin, which is the aging pigment.

Neural Presbycusis

Audiometric findings include gradual hearing loss with a moderate slope toward the high frequencies; however, these is a disproportionately severe decrease in speech discrimination. This difficulty with speech discrimination makes hearing 
loss refractory to amplification in many cases. Atrophy of the spiral ganglion and nerves of the osseous spiral lamina occur mainly in the basal turn of the cochlea. The organ of Corti is largely intact, as opposed to what is found in sensory 
presbycusis.

Strial Presbycusis (Metabolic Presbycusis)

The hearing loss associated with strial presbycusis is flat sensory loss beginning during the third through sixth decades and progressing slowly. Speech discrimination is generally good, and no recruitment is present. This condition is often 
familial, and patients do well with amplification. The characteristic pathologic findings are that atrophy of the stria vascularis is either patchy in the basal and apical turns or diffuse. The organ of Corti and spiral ganglion cells are usually 
unaffected.

Inner Ear Conductive Presbycusis

Both inner ear conductive presbycusis and atrophy of the spiral ligament cause bilateral symmetric sensorineural loss, with an upward slope toward the high frequency and preserved speech discrimination. No anatomic correlates with 
conductive sensorineural hearing loss are known, but it is hypothesized that the functional loss is due to stiffness of the basilar membrane, which correlates with its anatomic shape. The histopathologic pattern of atrophy of the spiral ligament 
includes different degrees of pathologic changes that are progressive through the patient's life; it is most noticeable in the apical turn and least in the basal turn. Cystic degeneration may cause detachment of
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the organ of Corti from the lateral cochlear wall, thereby resulting in hearing loss.

Proposed Etiologies

Vascular

Circulatory disorders have long been proposed as the cause of hearing loss in aging persons. However, there is insufficient histopathologic evidence of this etiology for confirmation. The relationship between high-frequency sensorineural 
hearing loss and the degree of cerebral atherosclerosis has been used to support this theory; unfortunately, both may be independent but age related. Atherosclerotic disease of renal vessels and inner-ear vessels has also been related to age. In 
1959, Johnson and Hawkins[34] demonstrated the progressive involution of the human cochlear vasculature from the fetus and newborn through the aged. They noted that, during the first decade of life, the radiating arterioles and outer spiral 
vessels in the basal coil attain adult size. Devascularization of capillaries and arterioles was subsequently found in the spiral ligament that is associated with aging. They found a similarity between the degeneration of inner ear vessels with 
analogous changes in the retina due to microangiopathy,[22] and they demonstrated that the plugging of vascular canals by bony tissue is a generalized phenomenon that is related to aging. They felt that the plugging of vascular canals was one 
of the major causes of presbycusis.

Diabetic Presbycusis

Diabetic angiopathy is thought to be a specific entity. In this disorder, disseminated proliferation and hypertrophy of the intimal endothelium of arterials, capillaries, and venules occurs and causes significant narrowing of the lumen; there is 
also the precipitation of lipids and other substances in the vascular wall. In addition, arteriolosclerosis is thought to be more common and more extensive in patients with diabetes. However, clinical audiologic and pathologic studies of the 
correlation between diabetes and presbycusis are conflicting and contradictory. The great variability of incidence of hearing loss in diabetics is thought to be due to poor design in previously performed studies. In well-controlled studies, no 
correlation between sensorineural hearing loss and diabetes was found.

Noise

Noise is thought to be a common cause of presbycusis. It is clear that a direct correlation exists between noise-induced inner ear damage and the frequency, intensity, and duration of noise exposure. However, some may effectively argue that 
noise exposure causes hearing loss at any age and is not true presbycusis.

Noise-induced hearing loss may arise from mechanical damage, metabolic exhaustion, or vascular changes. Mechanical damage is seen in cochleas that have been exposed to high-intensity or impulse noise of short duration. There may be 
detachment of the organ of Corti from the basal membrane. Metabolic exhaustion is characterized by changes of intracellular ultrastructure, thereby indicating the depletion of enzymes and metabolites in overstimulated sensory cells. Noise 
has clearly been shown to cause ischemic changes of the inner ear. Capillaries below the basilar membrane have been noted histologically to undergo spasmodic changes. In addition, edema of endothelial cells impairs blood flow to the spiral 



ligament and stria vascularis. Sludging and aggregation of erythrocytes with increased blood viscosity secondary to decreased capillary flow also occurs.

Metabolic Etiologies

In Rosen's studies of Finnish patients on long-term controlled diets,[71] the reduction of saturated fat resulted in a significant lowering of serum cholesterol and an improvement in auditory threshold testing. Subsequent studies demonstrated 
that hypolipoproteinemia is the correlate to Rosen's clinical epidemiologic studies and is related to presbycusis as well as obesity, atherosclerosis, and coronary artery disease.

Genetic Considerations

Diagnosis of genetic sensorineural hearing loss—especially when of adult onset and without external abnormalities—is extremely difficult, but it should be considered. The diagnosis of these disorders relies primarily on the history given by 
the patient and on the audiometric configuration that is characteristic. The typical hearing loss is a basin-shaped curve with good discrimination and no recruitment. Over the years, this pattern may change to a gradual or abrupt slope. 
Pathologically, the most prominent feature in this disorder is atrophy of the stria vascularis, which is parallel to Schuknecht's strial atrophy category.

Hearing and Dementias

Recent studies of the cochlea in temporal bones from patients with confirmed Alzheimer's disease showed a lack of degeneration in the cochlea, which is typical of Alzheimer's patients. This finding is distinguished from findings in the 
peripheral olfactory and visual systems, which show the typical neurofibrillary tangles and neuritic plaques.[82] 

Conversely, a possible relationship between central auditory dysfunction was found in the Framingham follow-up study of 1662 subjects. However, that study is weakened by the absence of objective testing in competing message tests.[18] 
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Treatment

Regardless of the mechanism or etiology of hearing loss in the elderly, its impact on quality of life can be quite significant. Hearing loss can be related to social withdrawal in the elderly as a result of frustration and inability to communicate. 
This impaired ability to communicate can have wide-ranging health effects, because it can affect communication between a patient and his or her health care provider, thereby leading to missed diagnoses.[38] 

Unfortunately, the term presbycusis is somewhat vague, and specific signs and symptoms should be identified to clarify its definition. Classic presbycusis includes bilaterally symmetric sensorineural hearing loss in the absence of other 
etiologies. Although dietary measures over the long term may be effective in reducing the progression of hearing loss in certain aging patients, further data are necessary before this treatment modality is clinically accepted. Amplification 
remains the mainstay of treatment for presbycusis.

Cochlear Implantation in the Elderly

Severe to profound sensorineural deafness in the elderly is most often due to an underlying pathologic process, such as Ménière's disease or otosclerosis in combination with presbycusis; the latter does not produce this degree of hearing 
impairment on its own. One of the authors of this chapter performed cochlear implantation on patients who were up to 85 years old, with good results. Mean audiologic test scores increase significantly following implantation and are 
comparable with results achieved by younger recipients. In addition, the isolation of aging and the loss of known companionship (e.g., spouse and close friends) is greatly compounded by the social effects of severe to profound hearing loss. 
Elderly cochlear implant recipients are among the most satisfied due to their renewed ability to communicate, socialize, and, in most cases, use the telephone. The latter is especially important for a patient's confidence, because they know 
that they will be able to obtain emergency help, if needed. Complications have not been experienced, but they may be expected to be somewhat higher in elderly patients with intercurrent cardiac or respiratory disorders.

PRESBYSTASIS

Presbystasis, which is the disequilibrium of aging, is a group of disorders that affect the mobility of a large number of elderly persons. Due to the degeneration of the vestibular, proprioceptive, and visual senses, the ability to walk and drive 
can be reduced to the point of incapacitation; lessening spatial-orientation abilities contribute to this as well. Loss of balance is the most common manifestation of vestibular dysfunction in elderly persons.

Although attempts have been made to categorize the dysequilibrium of aging as a single specific entity, a large number of vestibular disorders are seen in elderly patients. These include vascular disease, Ménière's disease, benign positional 
vertigo, and adaptation deficits. Input from the vestibular, visual, proprioceptive, and other systems can be thought of as providing input into a common central processor that, in turn, controls posture and eye movement.

Disorders of these sensory organ systems have traditionally been treated by otolaryngologists, neurologists, and ophthalmologists, depending on the organ system causing the most obvious dysfunction. However, development of the unifying 
discipline of neurotology has led to an integrated approach to, evaluation of, and care for elderly persons with dysequilibrium. Otolaryngologists must be aware of other causes of disequilibrium or dizziness, because a variety of organ 
systems may contribute to these difficulties, including vestibular, ocular, proprioceptive, musculoskeletal, central processing, and neuromotor; systemic diseases and side effects from medications may be causes as well.[38] 

The National Health Interview Survey supplement on aging[23] showed that more than 18% of persons 65 years old and older and more than 25% of those more than 75 years old had a falling incident in 1985. These falls are not without 
consequences: 2% result in hip fractures, up to 10% result in serious injury, and 50% result in at least a minor injury, such as a laceration. Moreover, individuals who have fallen tend to fear repeat events and restrict their activities.[38] Fifteen 
to 23% of the individuals that fell reported doing so because they were dizzy. Thirty-four percent of those between 65 and 74 years old felt that ". . . dizziness prevents you from doing things you otherwise could do."[23] Extrapolating these 
figures to the population of the United States, 12.5 million people more than 65 years old note that dizziness represents a serious impairment of their normal activities.

In a 1981 study of outpatient medical care, dizziness was the most common presenting complaint for patients who were more than 75 years old.[39] Dizziness was a presenting complaint in 38 of 1000 patient visits. In a Finnish longitudinal 
study of geriatric outpatients,[62] dizziness occurred in 81% of men and 91% of women. The most significant complications of presbystasis are falls and hip fractures. More than 200,000 hip fractures occur annually among Americans that are 
more than 65 years old. The direct mortality due to hip fractures is more than 15%, and morbidity often includes permanent failure to ambulate. Of course, other disorders that affect
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this population play important roles, including the use of psychotropic medication, abnormalities in blood pressure, leg-muscle weakness, and loss of coordination. It is believed that the failure of one of the previously mentioned organ 
systems can be compensated for; however, with multisystem failure, increasingly severe deficits occur.

Pathology

Age-related degeneration has been noted in hair cells, neurons, and supporting structures of the peripheral vestibular system.3n Hair cell loss has been found in the semicircular canals, the utricle, and the saccule. This degeneration is most 
noted in the central area of the cristae, whereas macular degeneration is more diffuse. Degeneration of the saccule may be greater than that of the macula. A decrease in the total number of peripheral vestibular neurons—as well as a decrease 
in the size of myelinated nerve fibers—has been described in patients that are more than 65 years old. Degenerative changes also occur in otoconia of the human maculae, deformities of the vestibular end organs, and degeneration of the 
synaptic structures of afferent dendrites.[57] These degenerative changes are considered to be the vestibular equivalent of presbycusis. Unlike presbycusis, however, asymmetric loss of vestibular function can result in incapacitation. 
Degenerative changes of the vestibular nuclei and cerebellum have also been reported.

Diagnostic Methods

The use of objective tests to identify the etiologic basis of presbystasis is essential. Vestibular function studies described elsewhere in this chapter are applicable in the elderly. Avoidance of a "trash basket" diagnosis of presbystasis and 
continuing clinical research into etiologic diagnosis are essential.

A wide variety of findings have been noted and have indicated both peripheral and central vestibular abnormalities. Studies normalizing electronystagmography, platform posturography, and sinusoidal harmonic acceleration in the elderly are 
ongoing.

In cases of presbystasis arising in the peripheral labyrinth, generalized hypofunction is often found. Symmetric maximum slow-phase velocity responses to warm and cool caloric stimulation of less than 10°C per second per irrigation is 
empirically used by the authors of this chapter to identify this condition.

In cases of peripheral hypofunction, the use of vestibular nerve suppressants may be contraindicated. Such treatment further reduces the already reduced vestibular input, thereby resulting in further incapacitation.

Treatment

Nonvestibular causes of presbystasis need to be identified and treated specifically. Examples include postural hypotension associated with antihypertensive medications, endocrine imbalances, malnutrition, and cardiovascular insufficiency.

Because of the adaptive control feedback mechanism in this complex system, treatment modalities have been developed to allow for compensation. This adaptive control system alters afferent signals from the various receptors at both visual-
vestibular interfaces as well as proprioceptive-vestibular interfaces. Control circuits are affected by disturbances in the general condition of the patient, the availability of the neurotransmitter, and in pathologic disorders.[30] Other feedback 
loops help control visual tracking and postural adjustment in response to motion. Cognitive controls also exist and contribute primarily in the areas of spatial orientation, the hallucination of motion, and the development of athletic skills.

Vestibular habituation training is a more recent treatment modality that offers promise for presbystasis. These "exercises" are based on feedback control initiated by the habituation effect. Mechanisms of adaptation and compensation are 
stimulated through repeated elicitation of minor degrees of vertigo.

Other goals of vestibular exercise programs include the improvement of visual following when the head is stationary, gaze stability during head movement, and visual-vestibular interactions during head movement and general balance. These 
exercises are designed to incorporate visual and proprioceptive experiences with vestibular cues.

The twin goals of these exercises are the reestablishment of balance and the reduction of the symptoms of dizziness and disorientation. In many cases, consultation and therapy with a physical or occupational therapist trained in vestibular 
compensation exercises can be extremely helpful.

Another important consideration that must be stressed to the patient is the prevention of falls. Precautions include the use of night lights (especially en route to the bathroom), the removal of throw rugs, the avoidance of stairs, and the use of 
ambulatory assistance devices when necessary.

THE AGING NOSE

Nasal structure and physiology are affected directly by the aging process and by a multitude of indirect factors that are commonly seen in the elderly. Also, many elderly people become accustomed to living with a dysfunctional nose due to 
trauma, infection, or allergy. These individuals may complain only when nasal dysfunction interferes with sleep, eating, breathing, or sensation (smell and taste). Some medications
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used commonly by the elderly (e.g., diuretics, antihypertensives) may desiccate the nose. Decongestants and antihistamines make secretions thicker and worsen postnasal drip. In addition, a number of disease processes associated with aging 
can affect the nose.

Mucoepithelial Changes

Studies have shown that there is no definite relationship between age and the type of nasal epithelium.[27] Neither age nor smoking has been related to a reduction in ciliated cells. Other unknown factors may influence change in the 
viscoelastic properties of the nasal mucus and therefore predispose the elderly to nasal crusting.[42] 

The effect of age on mucociliary transport is modest. Mucociliary transport rates are not significantly different between young adults and middle-aged adults or between middle-aged adults and the elderly. However, significant differences 
exist between younger adults and the elderly.[72] 



Olfactory Changes

There are many studies that have researched age-related changes in taste and smell. Most of these studies have shown that olfactory thresholds for a wide range of odorants progressively decrease with age. * The process seems to begin earlier 
in men; this is probably due to a combination of a loss of receptors and neurons, with alterations in neurotransmitters and central pathways.[74] There is also a decrease in olfactory epithelium, with increased degenerative changes and loss of 
olfactory bulb fibers. [49] [63] [83] 

Changes in Nasal Appearance and Intranasal Examination

There is a significant increase in the nasolabial angle and a decrease in the height:length ratio of the nose with age. This may be due to the lengthening of the upper lip, resorption of premaxillary fat, resorption of the malar and alveolar ridge, 
and changes in dentition that are caused by the degenerative process of aging. The decreased height:length ratio accentuates the drooping of the nose as it ages. Weakening of the lower lateral cartilage and the caudal septum, along with the 
loss of elasticity in the enveloping skin, contributes to the descent of the aged nose tip.

Abnormalities of the nasopharynx are not common in older subjects. This may reflect increased atrophy of the lymphatic structures and a diminished secretory capacity of mucus-secreting glands.

Common Symptoms

The most common nasal complaints in the elderly are nasal drainage, postnasal drip, sneezing, coughing, olfactory loss, and gustatory rhinitis.[16] Other symptoms, such as nasal obstruction, epistaxis, and sinus pain, have not been shown to 
significantly increase with age. It is felt that nasal discharge and postnasal drip among the elderly may be explained by the loss of autonomic control. Gustatory rhinitis, which is nasal discharge that is stimulated by eating, similarly may be 
caused by overactivation of the autonomic control of the mucoserous and Bowman's glands initiated by the sight of food or the act of eating.

There is a general increase in nasal resistance with age, despite the lack of subjective symptoms of nasal obstruction. This may be explained by the fact that many older patients believe that some nasal obstruction is normal and hence not 
worth mentioning. However, the elderly often notice that nasal airflow is subjectively less with exertion. Studies of sinusitis have shown that this condition is more frequently bilateral and severe in children.[30] By contrast, the frequency of 
nasal polyps increases with advancing years.[76] 

Treatment

As is the case with younger age groups, medical or surgical treatment of rhinologic problems in the elderly requires an accurate diagnosis to select appropriate treatment. Humidification is generally helpful. Topical and systemic 
decongestants should be avoided, because they may aggravate dryness and mucosal atrophy. Underlying osteomeatal blockage due to allergies or infection may be addressed; this may involve treatment in a multidisciplinary setting by the 
pulmonologist, allergist, otolaryngologist, and other specialists. The treatment of associated medical conditions may be helpful. Medications that desiccate the nose should be avoided unless there are no other alternatives. In patients with 
vasomotor or gustatory rhinitis, anticholinergics such as ipratropium bromide spray may be effective.

Surgical reconstruction is aimed at reconstituting support for the upper lateral cartilage and elevating the drooping nasal tip.[65] The removal of turbinate mucosa should be avoided, especially when excessive dryness is already a factor. Vidian 
neurectomy may be indicated in select cases.

THE AGING VOICE AND THE UPPER AERODIGESTIVE TRACT

The phonatory organ is comprised of the resonator (larynx), the articulators (supraglottic structures), and the compressors (lungs).[88] Age-related changes in any one or all of these structures can have a direct

*References [12] [13] [14] [15] [41] [53] [58] [59] [84] . 
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impact on voice quality and general comfort level ( Table 11-1 ). Furthermore, older people are often exposed to a wide array of environmental and medicinal irritants (indirect factors) that compound the problem ( Table 11-2 ). Elderly 
patients may also suffer from a host of medical conditions that are common as one progresses in age and that may affect vocal quality.[5] [48] [67] [68] [69] [95] Diseases including cancer, vocal fold paralysis, Parkinson's disease, amyotrophic lateral 
sclerosis, benign essential tremor, diabetes, and other endocrine dysfunctions must be excluded (see Table 11-1 and Table 11-2 ). Additionally, the frequent occurrence of depression and sensorineural hearing loss can lead to a 
hyperfunctional voice and muscular tension dysphonia, and the adverse effect of long-term tobacco smoking on voice is also well recognized. Therefore, treatment of geriatric patients with vocal problems  

TABLE 11-1 -- COMMON FACTORS WITH A DIRECT EFFECT ON VOCAL QUALITY

Factors Effect on Vocal Quality

Laryngeal muscle atrophy/fibrosis Effect on glottic gap and vocal fold thickness, resulting in increased air loss and abnormal acoustics

Cricoarytenoid joint changes  

Mucosal atrophy Increased chance for injury, pain, and guarding, which affect articulation

Salivary gland atrophy Decreased lubrication, dry mouth, and secondary dental problems

Alveolar bone resorption Increased chance for injury, pain, and guarding, which affect articulation

Dental/gingival loss  

Temporomandibular joint disease  

Lower respiratory tract changes Decreased chest elasticity, abdominal tone, and breath support, which result in decreased vital capacity, vocal fatigue, and decreased volume
 



 
TABLE 11-2 -- COMMON FACTORS WITH AN INDIRECT EFFECT ON VOCAL QUALITY

Factors Effect on Vocal Quality

Hearing loss Vocal misuse

Anxiety/depression  

Dehydrants: alcohol, antihistamines, decongestants, diuretics, megadoses of vitamin C, antidepressants, 
antihypertensives

Reduced lubrication/altered secretions

Surgery/disease processes: prior intubation, laryngeal surgery or disease, oral/pharyngeal surgery or disease, nasal/
sinus surgery or disease, superior/recurrent laryngeal injury, dental/temporomandibular joint surgery or disease, 
abdominal/thoracic surgery or disease, limb surgery or disease

Changes in phonation, resonance, and articulation; reduced pulmonary support/altered posture

Mucosal irritants: allergies, smoking, gastroesophageal reflux, pollution Direct effect on mucous membranes/altered secretions

Endocrine dysfunction: hypothyroidism, hormonal therapy Mucosal/soft tissue alterations, vocal fold edema

Abrupt weight change Multifactorial
 
must be directed not only at maximizing the efficiency of the aging phonatory organ through appropriate voice therapy or surgery but also at treatment of the underlying medical, neurologic, or psychiatric disorder.

Histologic Changes

Laryngeal tissues change a good deal before alterations in the voice are detected. Histologic changes seen within the aging larynx appear to occur with approximately equal frequency in both sexes but at a different rate. Histologic 
examination suggests that the yellowish discoloration seen clinically represents fat degeneration or keratosis of the mucous membrane. Vocal fold atrophy is thought to represent the laryngeal manifestation of senescent changes in muscle and 
mucous membranes. There is general thinning,
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decreased fiber density, fatty degeneration of the laryngeal muscles, and a decrease in fragmentation of elastic fibers in the submucosa.[20] Decreased fiber density is also seen in the laryngeal ligaments and the conus elasticus.

Progressive calcification of the laryngeal cartilages is also observed.[66] Calcification and ossification begins during the early 20s and is essentially completed by the sixth decade. Small islands of cartilage remain in the central portion of the 
thyroid cartilage of men; there is preservation of cartilage in the upper portion in women. The cricoid may be almost completely ossified. The arytenoid undergoes ossification of the body and muscular process, with the apex remaining 
cartilaginous ( Figure 11-1, A and B ). There 

 
Figure 11-1 A, Young cricoarytenoid joint (patient is 29 years old). A, Arytenoid; C, cricoid; a, articular surface; S, synovium; P, periarticular soft tissues; fat arrow, hypopharyngeal epithelium; thin arrow, subglottic respiratory epithelium. 
(Hematoxylin-eosin; ×3.) B, Old cricoarytenoid joint (patient is 69 years old). A, Arytenoid; C, cricoid; a, articular surface; S, synovium; P, periarticular soft tissues; fat arrow, hypopharyngeal epithelium; thin arrow, subglottic respiratory 
epithelium. Note increased calcification and muscle atrophy. (Hematoxylineosin; ×3.) 
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Chapter 12 - GENETICS AND OTOLARYNGOLOGY

William J. Kimberling 

INTRODUCTION

Genetics plays a role in just about everything, although the magnitude of that role may be, in a few cases, barely detectable. It is important—and quickly becoming even more so—for the otolaryngologist to understand genetics to carry out 
his or her medical obligations effectively. There are hundreds of syndromes that affect the head and neck,[25] and people with most of these syndromes come under the care of an ear, nose, and throat (ENT) surgeon at one time or another 
during their lives. Furthermore, hearing is an important aspect of the otolaryngologist's practice, and more than 50 different genes have been identified that cause nonsyndromic hearing loss (see the Hereditary hearing loss home page at http://
dnalabwww.uia.ac.be/dnalab/hhh/). The identification of the basic dysfunction underlying all of these single-gene disorders is the first step to effective prevention and treatment, whether surgical or pharmacologic. An understanding of 
complex (presumably polygenic) disorders has become an extremely important objective for medical research. Liability for a variety of diseases (e.g., head and neck cancer, otosclerosis, otitis media, dyslexia) is controlled by several genes.[2] 
[18] [28] [46] It is felt that the day is near when knowledge about an individual's genotype will identify those who are at high risk for developing these and other disorders.[8] 

The genome revolution has placed mankind at the brink of the development of new and exciting therapies for both rare and common genetic disorders. It has thus become increasingly important for the ENT practitioner to recognize those 
disorders that have a strong genetic component and to be aware of the new and developing approaches to their treatment.

THE GENOME

The term genome refers to the collection of all of the genes that an organism possesses. It has been estimated that there are between 40,000 and 140,000 genes in the human genome. The genes are assembled into lengthy strands of 
deoxyribonucleic acid (DNA), which are organized linearly into chromosomes. The chromosomes are made up of the DNA that forms the genes and the intervening DNA as well as chromatin, which is a protein that assists in the 
maintenance of the structure and regulation of chromosomal expression. The nuclei of most human cells contain 46 chromosomes that are organized as 23 pairs. Except for the mitochondria, all genes that are contained within the human 
genome lie on one or the other of these chromosomes. The linear order of the genes on the chromosomes allows one to create maps of the human gene order; these maps are generally invariant throughout any given species. It is these maps 
that allow us to associate specific genes with specific traits through gene mapping. [48] [64] Genes are transmitted in groups that correspond with the chromosomes. Aside from cases of the exception known as "crossing over," all of the genes of 
one chromosome (e.g., the paternal one) are transmitted together to the exclusion of the other one. Crossing over allows one chromosome to become a mosaic of both paternal and maternal genes; the frequency with which crossing over 
occurs has been studied and forms the basis for one of the two ways of measuring distances between genes. The physical distance between two genes is the number of bases between genes and is measured in megabases or kilobases. The 
genetic distance between two genes, however, is based on the frequency of observed recombination between them and can only be estimated by the study of informative matings and offspring. Genetic distance is the result of a biologic 
phenomenon and is imperfectly correlated with physical distance. The order of genes on a chromosome is constant.

The amount of information stored in the genome is tremendous. In the human genome there are approximately 3 × 109 base pairs of DNA that make up the haploid genome. The largest chromosome, 1, contains about 10% of the total, 
whereas the smallest
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autosome, 21, contains about 2.5%. Given that the estimated number of genes is between 40,000 and 140,000, the expected number of genes per megabase is between 12 and 46. The average high resolution band is about three megabases in 
size and would be expected to contain between 36 and 138 genes.

Another way of appreciating the size of the genome is to compare the amount of information in it with that in the typical encyclopedia. The encyclopedia would need to have 200 volumes of 1000 pages each to contain the information found 
in the human genome. In this analogy, gene size would vary from about a third of a page up to several pages. In actuality, the human genetic encyclopedia is packaged into 23 volumes, and the genes are not as easily demarcated as are 
chapters in a real encyclopedia. However, the analogy serves us well when we are trying to understand the importance of deciphering the genome. This biologic encyclopedia is in truth a manual for the construction and maintenance of a 
human being. By understanding the information contained within the genes, we will come to understand the basics of our own biology.

Unfortunately, the information in the genome is simply not organized into rational groupings. Part of the purpose of the genome project has been to develop an index of the genome that will allow researchers who are trying to connect 
specific genes with specific disorders to do so efficiently.[13] [14] From the perspective of the otolaryngologist, this means first that better diagnoses will become available and ultimately that better therapies will emerge as more is learned about 
the basic nature of hereditary disorders that affect hearing, speech, and the structures of the head and neck.

The genome revolution has placed mankind at the brink of the development of new and exciting therapies for both rare and common genetic disorders.[15] It will thus become increasingly important for the ENT practitioner to recognize those 
disorders that have a strong genetic component.



DNA STRUCTURE AND THE GENETIC CODE

Humans store genetic information in DNA, which is a linear polymer made up of four different nucleotides: adenine (A), guanine (G), thymidine (T), and cytosine (C). Nucleotides (also called bases) are linked together by phosphodiester 
bonds into a single strand. Nucleotides also have the capability of pairing with each other (A with T and G with C) through hydrogen bonds. Two strands of DNA can pair with each other in a complementary fashion (again, A with T and G 
with C) to form a double helix. The two strands are perfectly complementary; for example, if one strand has an order of ATGGGCCATA, its complement would be TACCCGGTAT. During replication, the two strands separate, and the base 
sequence of each strand would dictate the construction of a new, complementary strand. In this way, the sequence of the double strands is preserved in the two new identical double strands that are produced.

A single strand has an orientation that reflects the direction of the phosphodiester bond, which is usually referred to as going from the 5' to the 3' end; genes are transcribed in this direction. Because there is a double helix, the actual 
transcription occurs from only one strand, called the template strand. The antiparallel strand is referred to as the coding strand, because its base sequence corresponds with the sequence of the message; however, uracil is substituted for 
thymidine.

The sequence of bases is what determines all parts of the gene, and it specifically determines the sequence of amino acids in the protein that results for the process of translation. The nucleotides within the coding region are arranged in 
groups of three, called codons, which determine the precise amino acid sequence. Because there are four bases, there are 64 possible combinations of nucleotides, but only 20 amino acids. The code is said to be degenerate, because most 
amino acids are specified by more than one codon. For example, the code for valine can be GTT, GTC, GTA, or GTG. The third nucleotide can vary for most amino acids and is often call the wobble nucleotide. A specific codon, ATG, codes 
for methionine and also indicates the beginning of a coding sequence. There are three stop codons: TAA, TAG, and TGA. An example of a sequence obtained for three individuals in provided in Figure 12-1 .

GENE STRUCTURE AND EXPRESSION

The definition of a gene has gone through several stages and is now neither simple nor straightforward. The gene is the basic unit of biologic information that can be transmitted from parents to offspring, and it typically provides information 
about structural or functional components of the cell. The information transfer occurs not only between parent and daughter cells but between the nucleus and cytoplasmic machinery. It is the transfer of this information that we call 
inheritance when it occurs between parent and child and expression when between the nucleus and the cell proper. Gene structure has presumably evolved in a way that facilitates the transfer of genetic information, but the true molecular 
boundaries that define any specific gene are often poorly recognized.

The basic eukaryotic gene is made up of exons and introns. Exons make up the coding part of the gene; the intron is DNA that is interspersed between the exons. During the process of creating a message,
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Figure 12-1 Gene structure and transcription. The ultimate primary function of most genes is to produce a protein in a cell at a time at which it is needed. Genes have structures that are adapted to this function. Not only does a gene have 
syntax that establishes the amino acid sequence of the protein, but it also has punctuation that controls its expression. The exons make up the coding or information content of the gene; these are interspersed with introns, which are DNA 
sequences with a function that is only poorly understood. There is poorer evolutionary conservation of introns, which suggests that that the code they represent is more tolerant of change. Although the primary regulatory regions occur as 5' 
enhancers and promotors, regulation can occur at any place along the genes, in the introns, in the 3' tail end of the gene, or even on the other chromosome, which demonstrates the so-called "trans elements." The first step of expression is 
transcription. The gene is transcribed from the 5' cap to the end of the polyadenylation signal. This transcript contains both introns and exons, and so the next step is for the introns to be excised. Recognizable splice-site junctions are needed 
for this to occur normally, and so are other sites that assist in the recognition of the appropriate splice sites. The final mRNA product contains the code that is necessary for the final step of translation, after which a protein is made. 

 

Figure 12-2 Pedigree typical of a dominantly inherited trait; in this case, autosomal dominant congenital deafness. The arrow points to the proband of the family (a proband is the person though whom the family came to your attention). Note 
that the pattern of transmission in the family covers multiple generations and that both sexes are affected equally. A slash though a circle or square indicates that the person is deceased. 



 

Figure 12-3 X-linked recessive disorders show a very characteristic pattern of inheritance. Females are carriers, and they are usually asymptomatic. They are indicated here by the half-colored circle; the diagnosis of carrier status was done 
here by inference from the parents having an affected son; however, for many disorders, carrier tests are available. 

 

Figure 12-4 This is a pedigree of a family with dominant Waardenburg syndrome. It shows variable expression and non-penetrance. Such variability is usual for many dominant hearing related disorders. 

 

Figure 12-5 Mitochondrial disorders show several generations involved. Transmission is from a mother to all of her children. Males do not transmit the disease to their children. There can be variable expression, which is sometimes due to 
variable proportions of the mutant-and wild-type Mitochondria. 

 

Figure 12-6 Sequencing is currently the best way of determining the genetic constitution of a gene or of part of a gene. This figure shows sequencing that was done to identify the mutation found in a patient with Usher's syndrome type IIa. 
Each row corresponds to a separate person. The arrow indicates the precise base position at which the mutation was found. The peaks and their colors correspond with each of the four bases in DNA. The control/normal sequence is shown in 
the middle frame. At position 653 in exon 4, there has been a change in the T (thymine) to an A (adenine). The affected patient in the bottom frame shows only an A at that position, which indicates that he is most likely homozygous for the 



mutation. His parent is shown in the first frame, and it is evident at that position that both the adenine and thymine bases are being detected by the sequencing reaction; this is typical of a heterozygote. 

 

Figure 12-7 DHPLC using a WAVE apparatus is a common method of screening for mutations. This figure shows the results of DHPLC for three different mutations of exon 38 of the MYO7A gene, which causes Usher's syndrome type Ib. 
A fragment of DNA is amplified by polymerase chain reaction, heated to disassociation, and then cooled. Upon reannealing, four different double-stranded molecules are possible, two of which represent the original fragments. The other two 
will have double strands that differ slightly (e.g., at only one base) and that cause a slight conformational change that alters their mobility; this is observed as an additional peak or peaks when run out on a column. When a peak is observed, 
the exact nature of the change must be determined by sequencing. 
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Chapter 13 - FUNDAMENTALS OF MOLECULAR BIOLOGY AND GENE THERAPY

Bert W. O'Malley Jr. 
Daqing Li 
Hinrich Staecker 

INTRODUCTION

Molecular biology is a relatively young scientific field, with its major thrust arising from the discovery of methods to study and manipulate DNA in the 1970s. The rapid advances in this arena, however, enabled actual clinical application by 
the 1980s and 1990s. No longer does molecular biology reside solely within the research laboratory. Many diagnostic laboratory tests routinely used in clinical medicine as well as the development and mass production of pharmaceuticals 
make use of molecular biology techniques. The surge of molecular biology and the new understanding of genes and the products of their expression have allowed the emergence of a rising field heralded as "gene therapy." This rapidly 
expanding field is founded on the ability to introduce genetic material into the body to treat disease or alter an ongoing pathologic process.

The purpose of this chapter is not to discuss molecular biology in detail. Rather, the purpose is to review basic molecular terminology and to introduce the concept of gene and molecular therapy. Emphasis will be placed on the rationale, 
methods, and progress to date for clinical application of this exciting and even controversial therapy.

MOLECULAR BIOLOGY: FUNDAMENTALS

The basic premise of molecular biology is to study cell function and regulation at the level of the genome. With this understanding comes insight into human disease because aberrances in cell function or regulation are the basis for most 
diseases. The following section reviews fundamental terminology and concepts on how information travels from the genetic code to the functional protein level. Included is a brief discussion on cell cycling, which is an important concept in 
tumor molecular biology.

Gene Expression

The information for conducting all aspects of cellular function is contained within molecules of DNA located in the nucleus. The actual length of a human DNA strand is 1.8 M, however, it is coiled around nuclear proteins called histones 
that structure the folds and loops of DNA to allow compression into the microscopic size of the cell's nucleus. Each strand of DNA contains thousands of genes, which are specific subunit sequences that are coded for the information required 
to synthesize a protein. One molecule of double-stranded DNA and its genes make up each of a cell's 46 total chromosomes. Although every cell in the human body contains the same DNA, the expression of individual genes are not the 
same. Gene expression will vary depending on the cells function. These differences in gene expression result in the multiple cell and tissue phenotypes that constitute the human body as a whole.



The process by which a gene codes for a specific protein begins with transcription, which is the formation of a single-stranded RNA molecule, which compliments a single strand of the DNA subunit ( Figure 13-1 ). This RNA molecule is 
subsequently modified to become the messenger, which brings the genetic information or directions from the nucleus to the cell's cytoplasm where the actual synthesis of the functional protein occurs. After reaching the cytoplasm, the 
process of translation begins ( Figure 13-1 ). During translation, the message from the RNA molecule directs the construction of a protein from its basic subunit, the amino acid. Once a protein is formed, it may require further modification or 
control steps to enable its designated function. These modifications include the addition of sugars, lipids, or phosphates to the protein backbone. These internal control steps are mediated by existing cytoplasmic
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enzymes, which, if defective, can also lead to defined diseases. Once a protein is formed within the cell cytoplasm, it can reside in the cell or be released to affect other tissues within the body. Depending on the original genetic program for 
the protein, it may serve its purpose and be rapidly degraded, or it may enter the circulation or reside in local or distant tissues for an extended period. Although stated simply above, both transcription and translation are complex processes 
that have many more modification and regulatory steps governed by regulatory genes and their protein products. When these delicate control mechanisms are lost, a disease state or a state of abnormal cell proliferation can ensue, as is 
exemplified in the development of cancer.

 
Figure 13-1 The basic steps involved in gene expression. Genes are copied within the nucleus by RNA polymerase resulting in production of a complementary RNA strand. This is processed to produce mRNA. The mRNA exits the nucleus 
and undergoes "translation" by ribosomes to form a protein product. 

 

Figure 13-2 Cell cycle. The various phases of the entire cell cycle are depicted, which typically last 10 to 25 hours in animals. Only 1 hour is spent in the M phase. The longest and most variable phase is G1, which can range from 4 to 24 
hours. Also depicted are regulation of the cell cycle, many elements of which are targets of gene and molecular therapy. 



 

Figure 13-3 Somatic targets for gene therapy. Many different cell types are potential targets for gene therapy. Solid arrows represent tissue targets presently under human clinical trial investigation, and dotted arrows represent targets under 
investigation in animal models. Current gene therapy laboratory and clinical investigation explicitly excludes manipulation of germ cells (sperm and ovum) which may pass genes to future generations. 

 

Figure 13-4 Schematic structure of a plasmid DNA vector. Plasmid DNA vectors are circular molecules of DNA encoding a therapeutic gene product. DNA vectors contain special elements required to achieve expression of the gene product 
at therapeutic levels. Promoter and enhancer regions regulate the transcription of plasmid DNA into RNA, and specific processing elements regulate the translation of RNA into protein. A DNA vector may be complexed with protein, lipids, 
or synthetic organic compounds that enhance vector uptake or provide cell uptake specificity. 

 

Figure 13-5 Construction of a replication-defective retroviral vector. A, The Moloney leukemia virus genome encodes three polyproteins gag, pol, and env, which together constitute a retroviral particle. The gag and pol genes encode the 
inner core of the retrovirus as well as enzymes required for processing the retroviral gene after infection of the target cell. The env gene forms the outer envelope of the virus and recognizes a specific receptor on target cells. Defective 
retroviral vectors are made using several recombinant genes: one that expresses the gag-pol polyprotein, one that encodes the env protein, and one that contains the therapeutic gene in conjunction with two LTR (promoter and enhancer) 



sequences and the psi (packaging) sequence. B, A packaging cell line expresses gag, pol, and env from the constructs shown in A. When a vector containing the therapeutic gene with the LTR and psi sequences is introduced into this cell, a 
nonpathogenic viral particle will be assembled from the gag, pol, and env proteins that is capable of carrying the therapeutic sequence into cells by the process of infection. (Reprinted from O'Malley BW Jr., Ledley FD: Arch Otolaryngol 
Head Neck Surg 119:1100, 1993, Copyright 1993, American Medical Association. Used with permission.) 

 

TABLE 13-1 -- VIRAL VECTORS CURRENTLY USED FOR GENE THERAPY

 Adenovirus Retrovirus/Lentivirus Adeno-Associated Herpes Simplex

Infectivity Broad Dividing cells/non-dividing cells Broad Broad/neurons

Integration Episomal Random chromosomal Specific chromosomal integration Episomal integration

Viral titer High Low Low Low

Max. insert size Intermediate (approx. 8 kb) Intermediate (approx. 10 kb) Small (approx. 5 kb) Large (approx. 36 kb)

Risks Immune response Mutagenesis tumorigenesis Wild-type virus contamination Cytopathogenicity

Viral production Helper-free Helper-free Helper virus Helper virus and helper-free vector
 
 
Figure 13-6 Construction of a replication-defective adenoviral vector. A, Adenoviral vectors are constructed using a deleted adenoviral genome that lacks the E3 gene as well as the E1 gene that is required for producing a proliferating 
adenovirus particle. Recombinant genes are inserted into the site of the E1 gene. B, Adenoviral particles are produced in the 293 cell line that is able to express E1 and is thus capable of assembling a viral particle containing only the 
recombinant viral genome with the therapeutic gene. (Reprinted from O'Malley BW Jr., Ledley FD: Arch Otolaryngol Head Neck Surg 119:1100, 1993, Copyright 1993, American Medical Association. Used with permission.) 

 

Figure 13-7 Transfer of genes can be achieved through several different delivery mechanisms. Gene transfer was originally described in muscle using naked DNA injected directly into muscle (1). This generally is considered a low-
efficiency method of gene transfer but may be very useful for the development of DNA vaccination strategies. Packaging into viral vectors (2) allows for the most efficient gene transfer but is associated with safety concerns. Nonviral vector 
technology (3) involves coated or condensing the gene construct to allow easy passage into the cell. It is less efficient than viral vector-mediated gene transfer but is considered safer. The final common pathway for all gene delivery is 
production of a protein resulting in a change in cell phenotype. Alternate gene therapy strategies being developed use inhibitory RNA to decrease the expression of certain genes. 



 

Figure 13-8 Strategies for ex vivo and in vivo gene therapy. In vivo strategies for gene therapy involve the direct administration of DNA or viral vectors to the patients by conventional routes of injection (black arrows). Ex vivo strategies 
involve removing tissue from patients, growing cells in culture, introducing genes into these cells in the laboratory, and then returning the genetically modified cells to the patient by autologous transplantation (shaded arrows). (Reprinted 
from O'Malley BW Jr., Ledley FD: Arch Otolaryngol Head Neck Surg 119:1100, 1993, Copyright 1993, American Medical Association. Used with permission.) 

 

Figure 13-9 Strategies for gene therapy of cancer. Several different strategies have been described for treating cancers by gene therapy. These include expression of cytokines such as interleukin-2 within tumor cells to enhance the immune 
response against tumor-specific antigens; introduction of a foreign transplantation antigen such as HLA-B7 to induce immune rejection; introduction of cytokines into tumor-infiltrating lymphocytes (TIL cells) to enhance their cytopathic 
effect; and introducing genes such as herpes TK to make tumor cells sensitive to drugs such as acyclovir or ganciclovir. (Reprinted from O'Malley BW Jr., Ledley FD: Arch Otolaryngol Head Neck Surg 119:1191, 1993, Copyright 1993, 
American Medical Association. Used with permission.) 

 

Figure 13-10 Trend for patient enrollment for human gene therapy trials from July 1995 through July 2002. 

 



Figure 13-11 Percent distribution of human clinical trials by disease state through July 2002. 

 

Figure 13-12 Percent distribution of vectors used in human clinical trials through July 2002. 
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Chapter 14 - MOLECULAR BIOLOGY OF HEAD AND NECK CANCER
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INTRODUCTION

The understanding of the molecular basis of head and neck cancer has continued to increase at a more accelerated pace over the past 5 years. This is a result of technologic advances in molecular biology, as well as an increase in the breadth 
and depth of molecular biologic research in head and neck cancer in general. As a result, a comprehensive and detailed review of all of the recent advances in head and neck molecular biologic research is beyond the scope of this chapter. 
The aim of this chapter, therefore, is to provide an overview of recent advances in the field for the general otolaryngologist, as well as to highlight specific areas of inquiry that may spur further interest by a more specialized reader. This 
chapter details many of the recent advances in the understanding of the molecular genetic pathway of cancer development in head and neck, with a focus on head and neck squamous cell carcinoma (HNSC).

Tumor-specific genetic alterations, as well as other molecular alterations, will be discussed and related to a molecular genetic progression model for HNSC. The impact of molecular genetics on the understanding of field cancerization will 
also be explored, as well as the molecular basis of environmental factors related to HNSC. Advances in molecular detection and surveillance of HNSC will be discussed, in addition to the molecular basis for novel, targeted therapies based on 
molecular alterations in HNSC.

BACKGROUND

There are over 40,000 new cases of head and neck cancer every year in the United States, predominantly consisting of squamous cell carcinoma of the upper aerodigestive tract.[74] Advances in surgery, chemotherapy, and radiation therapy 
have improved the resultant morbidity of treatment, although overall survival rates remain largely unchanged. Clearly, further insight into the molecular basis of head and neck cancer in general could lead to advances in screening, diagnosis, 
and treatment with improved clinical outcome. The understanding of cancer and its molecular genetic underpinnings has grown rapidly within the past decade. Significant progress has been made in the fields of tumor genetics, protein 
function, environmental influences, premalignant disease, and molecular diagnostics.

The mechanisms underlying carcinogenesis in the head and neck are similar to those mechanisms and principles found in other solid tumors. Currently, it is generally accepted that cancer arises from the progressive accumulation of genetic 
alterations that lead to a selection of a clonal population of transformed cells.[43] In an attempt to classify and understand the biology of sporadic and hereditary retinoblastoma, Knudson[87] first put forth his model of the "two-hit" hypothesis in 
1971. He described a model in which two copies of the parentally inherited Rb gene were inactivated either by mutation or by loss of chromosomal material, leading to development of hereditary or sporadic retinoblastoma. A model of tumor 
progression was synthesized by Vogelstein into three basic tenets: (1) cancer arises as the result of inactivation of tumor suppressor genes (TSGs) or activation of protooncogenes; (2) there is a defined order of genetic events that lead to 
development of a malignant phenotype; however, (3) variations in the order of events can occur, and it is ultimately the net accumulation of genetic events that determines the phenotypic expression of malignancy.[43] 

The breadth of possible genetic alterations leading to a phenotypic expression of malignancy has grown, although the end targets of genetic alterations almost always involve inactivation of TSGs, activation

403

of protooncogenes, or both. TSGs are those that are normally present in cells and whose function is to regulate and repress cellular functions that, when left unchecked, would lead to expression of a cancer phenotype. Protooncogenes are 
those genes that, when altered either by aberrant, constitutive activation or amplification, result in inappropriate overexpression or increased activity that results in expression of a malignant phenotype. Alterations of both TSGs and 
protooncogenes can be caused by several mechanisms, including endogenous mutation, environmental carcinogens, or as a result of the disruption of normal cellular functions by viral, chemical, or other factors. These alterations in the DNA 
level lead to changes in sequence or quantity of messenger ribonucleic acid (mRNA) intermediates, with subsequent translation into aberrant protein products or an altered level of normal proteins. Ultimately, these genetic alterations lead to 
a malignant phenotype that can include altered cell proliferation, invasion, metastasis, altered immunogenicity, resistance to therapy, and genetic instability, as well as other phenotypic characteristics common to malignancy.

In 1993, Renan[143] put forth a statistical model suggesting that between 6 and 10 independent genetic alterations need to accumulate before the development of HNSC. The precise number of necessary events required for carcinogenesis is 
unlikely to be defined. Rather, the conclusion from this analysis is that HNSC likely requires many genetic alterations in its development compared with other solid tumors. This series of genetic changes that must occur for frank malignancy 



to arise is a result of the 20- to 25-year latency period seen in head and neck cancer. During this time, a cumulative exposure to carcinogens—particularly tobacco, perhaps augmented by alcohol—is believed to be the predominant cause of 
specific genetic alterations acquired during HNSC progression.

Through the examination of premalignant and invasive lesions, many of these initial genetic alterations have been well described in head and neck cancer, and a genetic progression model has been created to detail the evolution of genetic 
alterations.[19] In addition, a recent transcriptional progression model has also been described.[58] These genetic and transcriptional alterations have been correlated with the histopathologic stage of premalignant and malignant mucosal lesions to 
define the order and time course of molecular alterations in the development of HNSC. Early events in the development of malignancy offer an opportunity for molecular prognostic characterization and early detection.

The broad range of DNA, RNA, and protein-based molecular alterations are set within the context of tumor development defined by genomic alteration in the tumor cell. In addition to specific gene products, many of these alterations are 
characterized within different sets of molecular pathways, defined as a set of genes and resulting protein products that participate in a highly coordinated and linked fashion to provide for a specific function for the cell. These pathways 
include those functions mentioned above, such as cellular division, differentiation, motility, cell signaling, immune recognition, angiogenesis, and apoptosis or cell death. As knowledge about the multiple, specific alterations present in solid 
tumors increases, it has become more apparent that multiple, diverse alterations in tumor cells allow for a coordinated inactivation or activation of a specific, single molecular pathway. The implication of these observations is that solid 
tumors do not require obligatory inactivation of a particular gene, but require alteration of critical pathways of cellular functions through a variety of mechanisms that are often complementary in their focus on a single pathway. Alterations 
that include the epidermal growth factor (EGF) cascade and the nuclear factor kappa B (NFκB) pathway are examples of systems that are profoundly altered in HNSC via multiple mechanisms, although genetic alterations responsible for 
these changes continue to be under active investigation. This underscores the fact that significant perturbations in cellular homeostasis can be detected initially on a DNA, RNA, protein, or phenotypic level, and that further study is still 
required to connect genetic alteration with alterations in transcription, translation, expression, and ultimate biologic behavior.

ENVIRONMENTAL EXPOSURE

Head and neck cancer is associated with environmental toxins, such as tobacco and alcohol. These two exposures in combination have been shown to synergistically increase the risk of development of HNSC, and the molecular mechanisms 
behind these alterations involving DNA damage and mutations, DNA adduct formation, and detoxifying enzymes are being examined. Indeed, such intense carcinogen exposure and a relative inability to up-regulate detoxification 
mechanisms may contribute to the molecular alterations seen in head and neck cancer.

Tobacco smoke is known to contain over 55 mutagenic compounds, including aromatic heterocyclic radicals and epoxides.[51] One of the family of enzymes responsible for the detoxification and processing of such harmful chemicals is known 
as glutathione S-transferase (GST). There are five separate loci for the production of different GST subtypes that are responsible for detoxifying many different compounds. There also exist several polymorphisms within these
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subtypes—these subtypes may delineate those people more at risk of developing cancer in the face of tobacco smoke exposure. One large case-controlled study looked at the effects of two specific polymorphisms, GSTM3 and GSTP1.[78] The 
investigators reported that those people with a GSTM3 polymorphism had a two-fold higher risk of developing laryngeal cancer. However, in a large meta-analysis, Geisler and Olshan[51] reported inconsistent results across 24 studies looking 
at the role of GSTM1 and GSTT1. They concluded that there are likely subtle effects of polymorphisms on detoxifying enzyme function and the complexity of detoxification processes in general, and that large population-based studies need 
to be performed before the effects of tobacco smoke in subjects with these alterations can be correctly ascertained. Variations in other detoxifying enzymes such as UDP-glucuronosyltransferase (UGT) have been implicated in an increased 
risk of head and neck cancer as well. [196] A low-activity UGT genotype was associated with 3.7-fold greater odds of developing laryngeal cancer in smokers; the odds ratio increased to 6.1 in heavy smokers and was not increased in those who 
never smoked, suggesting that this enzyme is involved in tobacco smoke detoxification and that the genotype can predict the phenotype in this situation. In summary, the molecular mechanisms behind tobacco smoke detoxification are 
beginning to be elucidated, but further work needs to be performed to be able to accurately predict those people more susceptible to the development of cancer when subjected to this environmental exposure.

Although these detoxifying enzymes play a role in clearing carcinogens, they may also inactivate chemotherapeutic agents delivered in an attempt to kill offending tumor cells. One study examining a different subtype of glutathione-S-
transferase, GST π, found that those patients with high levels of this enzyme had a worsened overall survival when treated with neoadjuvant chemotherapy, likely due to the clearance of the drug by the GST π. [154] These studies indicate that 
profiling the level of individual patients' responses to carcinogens or chemotherapeutic agents may be possible by characterizing their ability to detoxify these agents.

Another environmental risk thought to be important in the development of certain forms of head and neck cancer is the human papillomavirus (HPV). HPV is a double-stranded papovavirus that encodes for several proteins necessary for its 
propagation; these proteins have the ability to disrupt normal cellular functions to allow for viral replication. There are over 70 subtypes found in nature known to infect humans, although the majority of these have no appreciable effect. HPV 
types 16 and 18 have been implicated in the cervix as being a major etiologic risk for the development of cancer. This is thought to be due to the E6 and E7 viral protein-mediated degradation of p53 (a major TSG involved in genomic 
integrity, proliferation, apoptotic, DNA repair, and other pathways) and disruption of Rb (involved in the regulation of the G1 S cell cycle transition).[82] [83] [185] Because of HPV's affinity for epithelial cells and the potential common exposure 
risks, many researchers have drawn a parallel to a head and neck carcinoma model. Several conflicting studies have been performed, detailing a wide range of prevalence of HPV in head and neck tumors, perhaps due to the different methods 
of detection that have inherent sensitivity and specificity shortcomings.[106] 

The prevalence of HPV in oral cavity premalignant and malignant lesions ranges from 0% to 100%, depending on the study one examines. * Likewise, there has been confusion as to the prevalence of HPV found in the oral cavity of normal 
individuals without any lesions; ranges between 0% and 60% have been reported.[12] [40] [90] These studies point to the fact that there are many different molecular techniques with differing sensitivities that can overrepresent or underrepresent the 
true contribution of HPV to oral cancer.[106] 

In contrast, the presence of HPV in a high proportion of oropharyngeal tumors has been confirmed by a variety of standard molecular techniques. An inverse relationship between p53 alteration and HPV positivity was also noted, implying 
that HPV gene product may inactivate portions of the p53 pathway.[54] [60] [128] In addition, these studies have demonstrated improved survival for patients with HPV-positive tumors. The inverse relationship between p53 alteration and HPV 
positivity in tumors is an example of complementary alterations needed, p53 gene point mutation or HPV E6 protein production, to deregulate a single pathway (i.e., p53). One of the largest population-based studies looked at 900,000 
individuals, their antibody status to HPV-16, smoking status, and the development of head and neck cancer.[109] The results suggested that there was indeed an increased risk (odds ratio, 2.2) independent of smoking status for head and neck 
cancer in those people infected with HPV-16, with a mean interval of 8 years between HPV immunoreactivity and cancer development. Furthermore, most of this risk involved oropharynx tumors; there was a 14-fold risk for developing 
oropharyngeal cancer in HPV-positive persons. The results of this population-based study are corroborated by much of the molecular literature, suggesting that oropharyngeal tumors are much more likely to have HPV DNA incorporated into 
their genome than other subsites of head and neck cancer.[45] [54] [128] 

*References [12] [23] [46] [47] [68] [149] [170] [171] . 
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Many of these studies looking for the prevalence of HPV in head and neck cancer included samples taken from the larynx, but again, the wide range of reported estimates calls into question the contribution of HPV to malignancy in the 
larynx. Indeed, some reports focused solely on the larynx indicate that the prevalence of HPV is low, such that it is likely to not play a major role in carcinogenesis. [96] [104] However, one recently published study demonstrated that roughly one 
third of laryngeal tumors had evidence of HPV DNA.[1] Evidence in oral cavity squamous cell carcinoma has also been debated. Prior reports have shown rates of HPV-16 positivity to range from 0% to 100%, but a recent study attempted to 
use quantitative polymerase chain reaction techniques to eliminate these technical biases.[59] Researchers found that the incidence of HPV-16 in oral cavity premalignant or malignant lesions was quite low, on the order of 1% to 3%, 
suggesting that many studies likely overestimate the true prevalence caused by inherent errors in technique. Overall, it is clear that HPV plays a significant role in the development of cancer in a subset of head and neck malignancies, namely 
those involving the oropharynx. When examined with rigorous molecular techniques, its contribution to other anatomic subsites within the head and neck appears to be less clear. Further studies will reveal why HPV tends to cluster in 
tonsillar tissue, as well as the mechanism behind its ability to transform cells into a malignant phenotype.

TUMOR SUPPRESSOR GENE INACTIVATION AND ALLELIC LOSS

Knudson's hypothesis, as alluded to earlier,[87] demonstrated the inactivation of both parental alleles of a TSG leading to a malignant phenotype. In sporadic and inherited tumors, the loss of TSGs can occur with a mutation of one allele and a 
loss of the other allele through other mechanisms—in effect, this would equal a loss of expression of both alleles, leading to a functional deficit of the TSG product. Therefore, deletions of one or both alleles can serve as an identifier for 
potential areas where putative TSGs may reside. The identification of p53 as a target of inactivation in sporadic colon cancer serves as one of the first successes of this positional cloning approach. Investigators determined that chromosome 
17p was frequently deleted in colon cancer. As the locus was further mapped, p53 was characterized as the target of 17p13 loss[43] and was subsequently characterized as one of the most commonly mutated genes in human malignancy.[69] 

Whereas the assays describing gross chromosomal alteration discussed above identify large regions of loss or gain, more specific assays looking for allelic loss involve the use of the polymerase chain reaction to amplify microsatellite 
markers. Microsatellites are tandem repeat sequences, often in noncoding regions, scattered throughout the human genome. After amplification, the balance of maternal and paternal alleles found in matched normal tissue is compared with 
those of the tumor or lesion; in this fashion, alleles that are relatively lost or gained can be identified in the samples of interest. This allelic loss is also known as loss of heterozygosity (LOH).

Because these microsatellite repeats are located throughout the genome, one can finely map the region containing the gene of interest by looking at the pattern of loss surrounding the area with microsatellite markers known to be flanking that 
region. Furthermore, tumors can be characterized and identified by patterns of common microsatellite loss.

Using 58 such microsatellite markers on 29 primary tumor samples, an initial comprehensive allelotype of head and neck cancer was performed detailing the proportion of allelic imbalance found on each chromosomal arm.[115] Many hot spots 
were identified such as 3p (67%), 11q (61%), 17p (52%), and 13q (54%). However, the most frequent loss occurred at chromosome 9p21 (70%).[182] Two of the putative TSGs in this location are known as p16 (CDKN2/MTS1) and p14/ARF, 
which are produced by alternately spliced transcripts that share the same genomic locus. p16 works to prohibit cells from entering the cell cycle by inhibiting cyclins CDK4 and CDK6, which then block the phosphorylation of Rb, leading to 
the downstream prevention of the cell traversing the G1 growth phase into the S phase.[62] Inhibition of this cell cycle progression leads to growth arrest of the cell; if this regulatory pathway is disrupted, the cell loses one of the mechanisms 
by which division and propagation cease. p14/ARF is involved in the activation of the p53 response pathway by inhibiting the association of p53 with MDM2, a p53 inhibitor. However, very few sequence mutations in the p16-p14 locus were 
identified in head and neck tumors,[17] suggesting that there were alternative means of gene silencing occurring.

To explain this apparent paradox, researchers discovered that homozygous deletions of the p16 locus occurred in approximately 50% of head and neck cancers.[16] Furthermore, promoter hypermethylation has emerged as one of the 
mechanisms behind gene silencing that does not involve sequence mutations. Methyl groups on cytosine followed by guanine (CpG)-rich regions of gene promoter sequences have the ability to inhibit transcription of that gene, thereby 
leading to a functional loss of that allele. Both of these phenomena were noted with p16 and helped to explain the relatively small prevalence of point mutations found in the gene. These findings corresponded with the
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immunohistochemical studies that determined there was an absence of p16 product detection in tumors.[139] Additionally, the investigators determined that 66% of their tumor samples demonstrated homozygous deletions, and 21% had 
promoter hypermethylation, confirming the mechanisms of loss of p16.

Another region of interest identified by allelic loss is chromosome 17p; this is the site of p53. p53 has been implicated in several cellular regulatory pathways including DNA repair, control of the cell cycle, and apoptosis.[156] Boyle and 
colleagues[13] reported a rising prevalence of p53 mutations concurrent with increasing histologic severity up to 45% of invasive cancers of the head and neck. Indeed, the importance of this TSG in head and neck cancer is pervasive—many of 
the therapies discussed later attempt to use this gene in the prevention of malignant progression.

Although chromosome 3p demonstrates allelic imbalance in over about two thirds of head and neck cancers, the gene(s) at this locus has (have) not yet been well characterized. Investigators have mapped three distinct regions of loss, raising 
the possibility that there are in fact three different tumor suppressor loci.[98] [190] The FHIT gene was recently cloned from the 3p locus, and it has been shown to have altered transcripts in aerodigestive tract malignancies.[121] However, a genetic 
correlation of specific gene inactivation in primary tumors with 3p loss has not yet been demonstrated. Future studies will likely identify the genes on this chromosomal arm responsible for cancer progression.

Similarly, chromosome 13q demonstrates LOH in approximately 60% of head and neck tumors, although only a few candidate genes have been identified with limited success. The Rb gene locus resides at this site, as well as BRCA2, 
although these genes do not appear to be consistently affected in those tumors with loss of 13q.[116] [193] With time, these and other regions demonstrating loss may yield more TSGs involved in head and neck cancer.

PROTOONCOGENE AMPLIFICATION

Although allelic loss is certainly more common than gain, there are some genes that, on amplification of a normal gene product or a mutated gene product, provide an increased stimulus for the cell to grow and divide. Amplification of 11q13 
occurs in approximately one third of head and neck cancers; the cyclin D1 (also known as PRAD1 or CCND1) gene resides at this locus and is amplified in a significant proportion of HNSC. Cyclin D1 phosphorylates Rb, thereby activating it 
and leading to progression through the cell cycle, from the G1 (growth) phase to the S (synthesis) phase. Recall that p16's normal function is to down-regulate the phosphorylation of Rb by inhibiting cyclin D1. Despite these related and 
opposing functions, it has been demonstrated that the loss of p16 and the gain of cyclin D1 are independent mechanisms leading to cell cycle dysregulation.[122] 

Amplification of chromosome 3q has also been demonstrated, and a p53 homologue with several splice variants has been identified,[179] although its function is still under investigation. The proteins p40/p51/p63 were identified and mapped to 



the distal region of 3q by using microsatellite markers. However, rather than the allelic loss at this locus that one would expect given its homology to p53, an amplification of these genes was detected. Fifty-four percent of primary head and 
neck tumors showed allelic imbalance at this site, and by fluorescence in situ hybridization (FISH) techniques, the majority of cancer cells were found to have an increased copy number of this locus, suggesting that this region plays a role in 
head and neck cancer.[192] In subsequent experiments,[66] the overexpression of one of the splice variants, p40, was noted to lead to larger colonies in rat tumor cells in vitro, as well as larger squamous cell tumors in nude mice. Therefore, while 
the function of these p53 homologues is not entire clear, it is apparent that they are amplified in squamous cell carcinomas and may have an oncogenic role rather than a tumor-suppressive role.

Recently, a large series of 609 HNSCs were analyzed using FISH to determine amplification rates of candidate protooncogenes. These data showed an overall prevalence of amplification of 34.5% for cyclin D1, 12.7% for the EGF receptor, 
8.8% for myc (a well-described oncogene), 6.2% for ZNF217, and 3.6% for ERBB2 (a protooncogene implicated in multiple pathways involved in cell growth and proliferation). In addition, cyclin D1 amplifications were highly associated 
with the pharyngeal site in primary carcinomas, implying that this is an alternate mechanism to dysregulateAu5 the cell cycle in oropharynx cancers that is not required in other subsites.[48] This may indicate that cyclin D1 amplification and 
oncogenic HPV integration provide for a complementary mechanism of p53 inactivation in oropharyngeal tumors.

CYTOGENETIC ALTERATIONS

Molecular alterations leading to cancer may be due to large chromosomal translocations, deletions, and amplifications such as those found in many leukemias and lymphomas. In head and neck cancer, it has been well documented that the 
progression to cancer is accompanied by increasing aneuploidy.[195] These studies have been performed in laryngeal premalignancies and demonstrate tetraploidy in the dysplastic and carcinoma in situ lesions, but not in normal epithelium and 
rarely in hyperplastic lesions.[184] 
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Certain regions of the genome prone to loss or gain have been identified in head and neck and laryngeal cell lines and tumor specimens. Specifically, studies have identified large chromosomal deletions on 3p, 5q, 8p, 9p, 18q, and 21q and 
areas of loss on 3q, 5p, 7p, 8q, and 11q.[21] [32] [65] [77] [183] One study demonstrated that metastatic tumors of the larynx have a higher average number of chromosomal alterations and the metastases showed more loss at chromosomes 13, 8p, and 9q 
compared with primary tumors.[88] The accumulation of gross chromosomal abnormalities with increasing histopathologic severity and the apparent increase in chromosomal change with a metastatic phenotype suggest that there may be 
defective chromosomal integrity mechanisms that cannot stably maintain the genome in premalignant lesions of the head and neck.

The technique of comparative genomic hybridization (CGH) was first described by Kallioniemi and others in 1992.[80] This method was designed to screen a cell's entire genome for gross alterations in the gain or loss of copy number, also 
known as allelic imbalance. The technique is based on hybridizing normal and tumor DNA that has been differentially labeled with either green or red fluorophores onto a reference metaphase spread. The labels are then read, and a 
difference in intensity at any one locus is interpreted as allelic imbalance. CGH is well suited for determining these types of alterations throughout the entire genome, up to a resolution of 5 to 10 mega base pairs. The limitations of CGH are 
that it is still somewhat coarse in resolution and it is unable to detect rearrangements that do not result in loss of DNA (i.e., translocations or inversions).

Many studies have used CGH to examine head and neck tumors and their areas of frequent loss or gain.[11] [15] [164] One study suggested that certain patterns of chromosomal loss and gain were significantly associated with survival and disease-
free interval.[10] There has been remarkable consistency in the areas most frequently affected. For example, all of these studies identified the 3q region as being a hot spot area for amplification and 3p as being an area for loss of chromosomal 
material. This information helped lead to the discovery of a novel p53 homologue known as p40, mapped to the distal region of chromosome 3q, which has been shown to be amplified in a majority of head and neck cancer samples.[192] 

The technique of karyotyping, or looking at the chromosomal banding pattern of DNA in metaphase preparations from head and neck cancer cell lines, was used both in primary tumors[134] and in cell lines. [21] [32] [77] [183] The gross banding pattern 
alterations could be suggestive of large regions of chromosomal loss, as well as indicating ploidy. It was clear that there are many gross chromosomal abnormalities that could be detected through this means, although the complexity of 
alterations could not fully be appreciated with these limited techniques. The addition of fluorescent dyes hybridized to the genome, known as spectral karyotyping (SKY), provided an even greater ability to determine break points and 
translocations.[152] This technique involves hybridizing probes with various labeled antibodies onto a metaphase spread, such that each chromosome is indicated by a different color. Therefore, the entire genome can be examined 
simultaneously, and complex rearrangements or translocations can be easily detected. However, because each chromosome is painted uniformly, this modality cannot detect structural changes within a chromosome.

For hematologic malignancies that are often a result of translocation events, SKY has proved to be very powerful.[135] Other more genetically complex tumors have been shown to possess many of the same regions of chromosomal loss and 
translocation. Head and neck malignancies have also been studied in search of patterns of chromosome break points and rearrangements. [10] [76] Studies using a combination of SKY and CGH have shown that the two techniques are largely 
complementary, each providing different information, but overall providing consistent findings in head and neck tumors.[158] [166] 

PROTEIN-BASED ALTERATIONS

Although genetic amplification is the basis for RNA and protein overexpression, it is not the only significant mechanism by which this can occur. Upregulation of DNA transcription and translation can occur in the absence of an increased 
number of gene copies. Several gene products have been implicated in cancer progression in this fashion and can still provide meaningful targets for cancer detection and possible therapeutic interventions.

EGF, through a tyrosine kinase pathway, is known to influence cell division, migration, adhesion, differentiation, and apoptosis.[188] The level of expression of EGF has been shown to be a predictor of recurrence and poor prognosis in head 
and neck cancer.[34] [167] It has also been shown that EGF receptor (EGFR) protein overexpression is an early event, as it rises with increasing severity of dysplasia in premalignant lesions. [56] In laryngeal cancer specifically, researchers 
discovered that EGFR levels were significant independent predictors of metastasis-free survival,[2] as well as overall survival,[105] although these series contained a limited number of patients, and the results have not been replicated in large 
trials.

One family of downstream targets of EGFR has been identified: signal transducers and activators of transciption (STATs) are phosphorylated and activated
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by the tyrosine kinase region of EGFR. These STATs can then bind to DNA promoters and regulate gene expression.[63] STAT3 expression has been shown to be an early event in head and neck carcinogenesis and to have an antiapoptotic role 
in a head and neck xenograft model, suggesting that it plays an important role in cancer progression.[57] 



The matrix metalloproteinase (MMP) family of genes and gene products has been studied as potential markers for metastasis because of their ability to degrade collagen, giving those cells the theoretic ability to invade the basement 
membrane and metastasize. Studies performed on head and neck cell lines[178] and tumor tissue[119] suggest that MMP protein levels are indeed elevated and can help explain one of the mechanisms for tumor spread. In a small study,[99] 
investigators examined eight primary laryngeal tumors and found a widespread increase in MMP expression levels. One study[120] in head and neck cancer cell lines suggests that EGF levels led to an increase in MMP-9 expression, implying 
that the EGFR signaling pathway may be involved in tumor invasion and spread via MMP pathways, as well as the known tyrosine kinase pathways.

Another protein overexpresesd in larynx cancer, known as eIF4e, has been examined. It has been implicated in increasing the translation of growth promoting, angiogenic, and metastatic factors. Researchers found that 100% of their 
laryngeal cancer samples demonstrated increased levels of this protein, and using this marker they were able to significantly predict recurrence based on analysis of tumor margins.[113] 

NFκB describes a specific heterodimer within a family of transcription factors that serve many functions, including the activation of inflammatory cytokines and angiogenic factors. There are five known subtypes in mammalian cells: p50, 
p52, c-rel, RelA, and RelB. These proteins all share a common N-terminus region, known as the Rel homology domain. The Rel homology domain serves to bind nuclear DNA, dimerize, and bind inhibitor (IkB). It is through this Rel domain 
that different combinations of dimers exist, either as homodimers or heterodimers. The C-terminal domains of the different proteins have different functions and can be either inhibitory or activating in nature. NFκB refers to a specific 
heterodimer form, p50-RelA.

The Rel/NFκB protein normally lies dormant in the cytoplasm, bound by inhibitors (IkB). Binding of IkB in the cytoplasm hides the nuclear localization site, thereby keeping these complexes inactive. Degradation of the IkB proteins can be 
induced by inflammatory cytokines, leading to translocation of active Rel/NF-κB proteins to the nucleus where it can have a variety of functions, either inhibitory or activating.[24] These transcription factors have been shown to control many 
different cellular functions, including immune and inflammatory responses, as well as regulation of apoptosis and cell proliferation. [138] 

NFκB has been examined within head and neck cancer models for its potential role in carcinogenesis. Murine tumor models first suggested that the activation of NFκB led to malignant transformation.[36] [93] Since then, further work has been 
performed establishing the mechanism behind this association. It is well known that head and neck cancers produce inflammatory cytokines. [25] [29] [100] [189] Binding sites between inflammatory cytokines such as interleukin (IL)-1, IL-6, 
granulocyte-macrophage colony-stimulating factor (GM-CSF), and NFκB/RelA transcription factors have been identified,[3] [35] [111] [175] suggesting that NFκB and its family may play a role in the inflammatory cascade, specifically in tumor 
models. In head and neck cancer cell lines, the activation of NFκB led to further production of IL-8, a modulator of angiogenesis and the inflammatory response.[124] Another study using head and neck cancer cell lines demonstrated that 
inhibition of NFκB led to decreased cell proliferation, suggesting that NFκB plays an important role in the regulation of growth, although the exact mechanism remains unknown.[38] Expression microarray technology was used to examine a 
metastatic murine squamous carcinoma model, revealing a cluster of altered genes related to the NFκB signaling pathway.[37] 

In summary, NFκB has been shown to be involved in the inflammatory pathway known to be active in head and neck cancer and other tumor models. It appears to have a role in the regulation of cellular proliferation, angiogenesis, and 
modulation of cytokine production, but its exact mechanism behind carcinogenesis remains somewhat unclear. Further studies are underway to determine the pathways behind its action and the possible uses for therapeutic interventions.

GENETIC PROGRESSION MODEL

The correlation of loci that display allelic imbalance due to chromosomal loss and gain with varying grades of dysplasia in premalignant lesions has led to the creation of a progression model involving TSGs and protooncogenes, 
respectively. The histologic progression of hyperplasia, dysplasia (mild, moderate, and severe), carcinoma in situ, and finally invasive carcinoma provided the structure in which genetic alterations were framed. A genetic progression model 
was created to examine lesions in each of these categories for similar patterns of allelic imbalance. [19] Even in the earliest of lesions, there were clonal, genetic changes; 30% of benign hyperplastic lesions had loss at 9p21 or
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3p, indicating that these losses and the corresponding inactivation of p16 and p14/αRF and putative 3p TSGs are among the first genetic alterations to occur in the progression to cancer. Because of these early genetic alterations, the model 
offers the hope that there are possible molecular interventions that could be developed to prevent these early lesions from progressing, even before frank malignancy occurs. Further description of the precise genetic alterations is a continuing 
area of investigation.

PROGNOSTIC FACTORS

A plethora of molecular prognostic factors have been reported by scores of investigators over the past decade. Generally, it is observed that an increasing burden of molecular alterations correlates with poor prognosis, therapeutic resistance, 
and recurrence, in keeping with the concept that aggressive tumors possess more profound and extensive genetic alterations. It is beyond the scope of this chapter to detail all of the prognostic factors reported in the literature, and the reader is 
referred to review articles for an overview of this area.[73] In short, a clear consensus from multiple investigators regarding molecular alterations that provide prognostic information independent of conventional clinical prognostic factors for 
invasive HNSC has been lacking.

However, it has been shown that the pattern of genetic alteration has prognostic significance for premalignant lesions. The loss of chromosomes 9p21 and 3p14 was determined to be a more frequent event in those patients with premalignant 
disease who progressed to develop HNSC, compared with those patients without LOH at these loci.[101] In another study, patients with loss of only 3p and 9p had a significant risk for progression to cancer (3.8-fold increase), whereas those 
patients with additional losses (4q, 8p, 11q, or 17p) had an even larger (33-fold) increase in the risk of progression to cancer.[145] In a large study of 150 prospectively accrued patients with oral leukoplakia, aneuploidy was seen to be highly 
predictive of subsequent development of oral cancer with a mean follow-up of over 8 years.[168] These studies indicate that gross chromosomal alteration is an early predictor of development into invasive cancer.

FIELD CANCERIZATION

Slaughter and others[161] first coined the term field cancerization in a study examining the epithelium surrounding invasive cancers, the same year that Watson and Crick aneuploidy described the double-helix structure of DNA. Slaughter and 
colleagues recognized there were histopathologic changes in the epithelia surrounding invasive oral tumors and reported an increased incidence of second primary tumors, usually close to the initial tumor. Other investigators subsequently 
confirmed an increased incidence of second primary tumors in the upper aerodigestive tract in those patients with initial head and neck primary tumors.[26] [94] [173] 

Thus, field cancerization originally was a clinical concept describing a mucosal surface in the region near an invasive tumor with premalignant changes and the propensity for second primary tumor development in adjacent mucosa. With the 
advent of contemporary molecular genetic understanding of malignancy, two theories provide possible explanations for this finding: (1) the areas of abnormality represent independent clones, with a unique pattern of genetic alterations; or 



(2) these areas of abnormality are genetically related and originate from a common cellular clone. Although these theories are not exclusive, genetic studies performed seem to increasingly suggest that the latter is true, and that lateral spread 
of progenitor clones throughout squamous mucosal surfaces is a fairly common phenomenon.

Using microsatellite analysis and X-chromosome inactivation, studies have been performed looking at metachronous and synchronous lesions from distinct anatomic sites to examine whether they are clonally related. One such study[6] looked 
at second primary head and neck tumors, and the findings suggested that the second lesions originated from a common clone.

In a study examining serial biopsies of head and neck premalignant lesions that ultimately progressed to invasive cancer, an accumulated pattern of microsatellite loss was found, with the cancer demonstrating all of the identical losses as the 
previous premalignant lesions.[18] This study, along with others,[127] builds a case that lesions separated by time or distance share a common clonal origin.

Many studies supporting the theory of malignancy originating from a common clone have also been performed in esophageal cancer. Dysplasias adjacent to adenocarcinomas often share genetic alterations,[144] and a small study of 
metachronous esophageal mucosa progressing from metaplasia to dysplasia and then to adenocarcinoma share common cytogenetic alterations.[136] [137] These concepts have also been shown in a cohort of patients without a history of carcinogen 
exposure, defining a phenotypic subtype that displays clonal field cancerization.[127] In addition, evidence has demonstrated that expansion of clonal alterations may be more extensive than initially thought in the oral cavity in a conventional 
presentation of oral cancer.[125] The precursor clones have even been found to migrate or expand up to 9 cm in the esophagus.[131] 

A further refinement on this model is that the early genetic alterations may be clonal, with subsequent
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alterations demonstrating discordance, so the final pattern may be different. For example, the early genetic events such as 3p and 9p21 loss may precede p53 mutation,[27] so common clones need to be identified by their shared early events. 
Therefore, the concept of field cancerization is likely a reflection that at least a proportion of lesions derived from lateral migration and subsequent expansion of clonally related cells develop histologic alterations surrounding the primary 
lesion, and ultimately lead to an increased incidence of subsequent primary tumors.

MOLECULAR DIAGNOSTICS

The discovery of genetic alterations and mutations serves to elucidate the pathways important in carcinogenesis. Furthermore, they open the door to the development of novel assays for early detection, or detection of minimal presence of 
malignant cells, including the molecular analysis of surgical margins for microscopic tumor foci. Due to the multistep accumulation of genetic events in head and neck cancer, as well as the accessibility on physical examination, lesions in 
this region offer ideal conditions for molecular testing.

However, because individual tumors often exhibit different molecular alterations, it has been difficult to identify a single assay that is useful in all cancer types. In addition, the assays must be extremely sensitive, able to pick up single tumor 
cells in a vast sea of normal cells. It has been noted that circulating DNA is often shed by different organs and can be detected by molecular means.[75] Many studies have taken advantage of this and have attempted to search for molecular 
mutations in blood, serum, plasma, saliva, sputum, bile, feces, and other fluids. Initial strategies involved the identification of genetic alterations in a tumor sample with subsequent analysis of matched bodily fluids such as saliva or serum for 
identical alterations.[44] [157] The disadvantage is that these assays are dependent on an initial lesion sample that possesses an identifiable genetic alteration and may not apply universally to a high-risk population for which molecular lesions have 
not yet been characterized.

Promoter hypermethylation (a means of gene silencing) has also been used as a marker for uniquely identifying tumor cells. This strategy was used in detecting abnormalities in the serum of patients with lung cancer[42] and in urine samples of 
patients with bladder cancer.[41] Adenomatous polyposis coli gene hypermethylation in lung cancer was examined in primary tissue, serum, and plasma, and approximately half of the samples demonstrated appreciable amounts of this 
methylated gene. Detection of high levels of methylation in the primary lung tissue was an independent predictor of poor survival in this study.[181] In HNSC patients, a study examined a panel of four genes known to have promoter 
hypermethylation (p16, O6-methylguanine-DNA methyltransferase, GST-pi, and death associated protein-kinase) in primary tumors, and a similar pattern of DNA methylation was also detected in serum DNA in 42% of the cases.[148] Because 
not all tumors have identifiable methylated genes in HNSC, it has been difficult to create an assay that is sensitive enough for clinical use.

Allelic loss within tumor cells has proved to be difficult to exploit due to the inability of assays to selectively detect those altered cells. To circumvent this problem, large microsatellite panels have been selected to enrich areas of allelic 
alteration, including instability or shift. This includes microsatellite repeat sequences that have undergone unique alterations in repeat length in candidate tumors, which have also been examined in the population of patients with HNSC.[163] 
Using oral rinses, 92% of oral lesions with allelic loss or allelic length alteration could be detected, with a threshold of detection of 1 tumor cell in 100 normal cells. However, the mechanism behind microsatellite instability/allelic alteration 
is not well understood, and it requires many markers for detection because a minority of tumor samples will exhibit alteration at any given microsatellite locus.

The analysis of surgical margins for microscopic residual tumor cells has been performed taking advantage of p53 mutations.[14] Using unique single-stranded DNA probes complementary to each type of mutation, the investigators were able 
to identify histologically clear margins that were positive for p53 mutations. Those patients with molecularly negative margins had a statistically significant decrease in local recurrence. One recent study looked at histologically negative 
surgical margins and lymph nodes from HNSC resections for microsatellite alterations; in a small sample, they found that molecularly positive margins were an independent predictor of local recurrence.[150] In a different study, researchers 
were able to detect HPV in the serum of patients with HNSC, and the metastatic tumors were more likely to possess HPV DNA.[20] Other investigators have used immunohistochemical means to detect altered cells in surgical margins, with an 
ability to predict a shorter disease-free interval for those patients with immunohistochemically positive margins.[114] Currently, a multiinstitutional trial using this margin analysis strategy for p53 mutations in a prospective fashion is underway 
under the supervision of the Eastern Cooperative Oncology Group (ECOG). Such detection schemes provide the hope that, in the future, more simple and feasible assays can be created to assist with clinical judgments and patient care.
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A myriad of studies attempting to take advantage of other known molecular alterations in head and neck and laryngeal primary tumors have been performed to predict prognosis, lymph node metastasis, and local recurrence. Although these 
and other reports often provide suggestions that these molecular analyses can be predictive of outcomes, the studies are often hampered by small sample sizes and an inability to adequately control for factors such as tumor stage, smoking 
status, and age. Thus, these studies suggest that molecular markers are feasible to use in clinical settings, but they have not been rigorously tested. To date, large, prospective studies have not been performed to adequately assess any of the 
possible molecular prognostic markers in primary tumors for their potential clinical relevance.



MOLECULAR-DIRECTED THERAPY

The accessibility of the mucosa of the head and neck regions provides easy access for the direct delivery of therapeutic agents. The genetic and protein alterations described above provide many possible targets for therapeutic intervention. 
The purpose of a molecular understanding of cancer is that knowledge of the etiology and pathway of disease will allow for more effective treatment with enhanced safety. However, defining the appropriate molecular target has proved 
difficult, and devising an appropriate means to deliver therapy to abnormal cells without affecting normal tissue has been challenging as well. Nonetheless, there are currently several promising avenues of investigation.

As described previously, the EGF family of receptors has been known to be up-regulated in head and neck cancers. This finding was first reported in breast cancer with the discovery that 30% of breast cancers overexpressed the HER2/neu 
oncogene,[159] which is homologous to the EGF receptor. These patients fared worse than those who did not overexpress the EGFR homologue. This finding has led to the creation of trastuzumab (Herceptin), a monoclonal antibody that binds 
and blocks the growth factor receptor on HER2.[108] Herceptin has been used in phase III trials as adjuvant treatment for node-positive tumors in non-metastatic breast cancer. Currently, trials are underway in head and neck cancer to try to 
capitalize on the success of this agent in breast cancer treatment. (This is described in greater detail in the subsequent "Immunotherapy" section.)

Another approach to altering the EGF pathway is by inhibiting tyrosine kinase activity, which is the active portion of the EGF receptor/ligand complex. Specific compounds have been specifically designed to target the tyrosine kinase 
domain of this receptor (for example, ZD1839, or Iressa), which can be delivered orally with good pharmacokinetic properties.[4] It has been found that not only is this drug effective in blocking the EGF receptor, it is also effective in 
suppressing the growth of cell lines overexpressing HER. [107] Clinical trials of these compounds are beginning in patients with breast cancer and head and neck cancer as well.

Gene therapy involves the alteration or introduction of DNA into tumor cells that will either lead to cell killing or correction of the molecular defect in a specific population of affected cells. The overwhelming challenge is to provide a 
selective ability for the introduced DNA to target or kill nearly all tumor cells, while sparing normal tissue. Many different methods of gene transfer systems have been attempted, including adenovirus, retrovirus, liposomal mediated 
delivery, electroporation, and direct injection, each with limited success.

One of the first attempts at gene therapy in the head and neck involved replacement of the p53 gene. The hope was that by restoring the gene, cells that were defective in the apoptosis pathway could then proceed to lysis. Wild-type p53 was 
replaced using an adenovirus vector as a surgical adjuvant therapy in patients with locoregionally advanced head and neck cancer with some success.[28] Other studies have been performed using different tumor sites, although the results were 
somewhat equivocal. The delivery of the corrected gene must be made to all of the tumor cells for the wild type p53 to be inserted—studies have shown that the tumors may have lost receptors necessary for adenoviral binding and gene 
delivery.[172] Rather than relying solely on replacement of this gene, other investigators are trying combination therapy with radiation[130] or chemotherapy[118] to further sensitize those cells to go into the apoptotic pathway.

The ONYX O-15 adenovirus was created in an attempt to select those cells with p53 mutations.[9] The ONYX virus is unable to replicate when wild type p53 is present; only when exposed to proteins that inactivate p53 is the virus able to 
replicate, lyse the cell, and spread to neighboring cells. A phase II trial in patients with recurrent head and neck cancer was performed: one group received ONYX-O15 injections in combination with intravenous cisplatin and 5-fluorouracil, 
and one group received chemotherapy alone.[84] After 6 months, the investigators noted that the tumors treated with ONYX and chemotherapy did not progress, whereas those treated with chemotherapy alone all progressed. Phase II trials of 
the direct tumor injection of ONYX-015 alone have also been performed in patients with refractory head and neck cancer demonstrating modest success; 10% to 14% of patients had partial to complete responses, although overall survival 
was not significantly affected.[117] 
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Despite early success, future trials with the ONYX virus are currently on hold.

Phase I trials have been performed with a lipid-mediated transfer through direct tumor injection of E1A[184] (an adenovirus gene that induces apoptosis of cancer cells and sensitizes cancer cells to chemotherapeutic agents). HER2/neu levels 
were assayed as a surrogate biomarker end point, and two of five patients who demonstrated overexpression of the receptor at baseline had a down-regulation of receptor levels. Further studies looking at the use of this drug in combination 
therapies are likely to be pursued.

IMMUNOTHERAPY

Immunotherapy, defined broadly as any manipulation of the immune system to achieve a desired treatment effect, is a relatively new but promising therapeutic strategy for the treatment of cancer. The increasing popularity of this therapeutic 
technique stems in large part from the fact that immune cells can theoretically be specifically targeted without the need for potentially toxic foreign chemicals or agents. In addition, immunotherapy can be integrated and even enhanced by 
existing therapies such as surgery, chemotherapy, and radiation. Like vaccination against infectious diseases, tumor vaccines rely on the concept of exploiting antigenic components of target cells. This therapeutic modality is based on the 
assumptions that: (1) the tumors express antigens or neoepitopes that are either not found or present in low levels on normal cells; and (2) the immune system can be appropriately activated to exterminate such cells. However, unlike many 
microbial organisms, neoplastic cells derived from a patient's own tissues vary only slightly from normal cells. In addition, many potential antigens expressed by these cells have been constitutively present throughout development and 
therefore are not recognized as foreign. This is because the immune system has evolved a network of sophisticated checkpoints to prevent autoimmunity collectively known as "tolerance." This includes mechanisms such as positive and 
negative thymic selection, as well as peripheral means such as anergy, suppression, and ignorance, all designed to prevent recognition of "self" antigens as "other."

Unfortunately, in HNSC, the presence of tolerance is further confounded by the fact that in these patients' T cells, lymphocytes that coordinate recognition of foreign antigens in normal cells are often dysfunctional. A high proportion of both 
tumor-infiltrating lymphocytes (TILs) and peripheral blood lymphocytes (PBLs) in patients with HNSC have fragmented DNA and express markers such as annexin V that indicate the occurrence of apoptosis (programmed cell death).[39] [67] [89] 
[141] [186] In addition, both TILs and PBLs have an impaired ability to proliferate and transduce integral signaling pathways.[89] [140] [141] [142] [186] This functional inactivation may be related to a lack of expression of the z portion of the CD3 T-cell receptor 
complex that is essential for signaling transduction, as well as increased expression of FAS ligand. [141] It is predominantly CD8+ T cells that display these dysfunctional attributes, whereas CD4+ T cells remain comparatively unaffected. [146] [186] 

The deficits seen in both TIL and PBL appear to have significant clinical significance in patients with HNSC. HNSC patients with a high percentage of apoptotic TIL have a significantly lower 5-year survival rate than those that do not.[140] 
Patients with HNSC have significantly lower levels of thymic output of naïve T cells than healthy control subjects. [186] This indicates that patients with such deficits do not compensate well for frequent T-cell apoptosis.

Despite the fact that patients with HNSC display this degree of relative immunosuppression, there has been a recent increase in the number of translational and clinical immunotherapeutic trials in HNSC. Early attempts at immunotherapy in 
patients with HNSC mainly focused on the administration of nonspecific agents such as the cytokine IL-2.[112] [187] However, it was found that only a small minority of patients responded to IL-2 and similar agents, and these responses were 
usually of short duration. More recent studies have focused on ways to improve response rates and extend remissions with cytokines through a variety of strategies. Treating peripheral blood mononuclear cells from HNSC patients with the 
combination of IL-2 and IL-12 improved cytolytic activity compared with treatment using either alone.[136] In addition, the lack of response to IL-2 may be due to inadequate expression of this cytokine at the tumor site.[123] This hypothesis was 



reinforced by the demonstration of regression of a significant proportion of implanted murine floor of mouth tumors after peritumoral injection of vaccinia virus that had been transduced with IL-2.[132] Other investigators have hypothesized 
that the potential reason for lack of efficacy with IL-2 and other cytokines in HNSC may be a lack of sufficient costimulation, an essential element for T-cell activation.[174] 

Recently, in a phase II clinical trial, there was an attempt to improve the response of HNSC patients to cytokine-based therapy by using the natural cytokine mixture (IRX-2), in 15 patients with stage II–IV HNSC.[5] Patients were given a 21-
day cycle of perilymphatic IRX-2 in combination with cyclophosphamide, indomethacin, and zinc with surgery, radiation, or both. Although it is difficult to draw substantial conclusions from this study based on the low number of patients 
enrolled with a variety of clinical presentations, a complete response was seen in one patient
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and a partial response was seen in several others. The treatment regimen was well tolerated, and all patients enrolled in the trial had evidence of a histologic response. Based on these encouraging results, a phase III trial including a larger 
number of patients is planned for the near future.

In addition to cytokine therapy, antibody targeting of oncogenic proteins in HNSC has shown some therapeutic promise. IMC-225, a human-mouse chimerized monoclonal antibody directed against the EGFrR, originally developed for colon 
carcinoma, has been used in clinical trials in HNSC. The mechanism of action of IMC-225 appears to be that it binds to the extracellular domain of the EGFR in a manner that prevents binding by natural ligands, such as EGF and tumor 
necrosis factor α. Via this binding blockade, IMC-225 inhibits up-regulation of several signaling pathways including those that promote tumor cell cycle progression, angiogenesis, and metastasis.[64] In a phase Ib clinical trial, IMC-22 was 
combined with cisplatin.[155] Patients in this trial demonstrated high levels of EGFR saturation, and 67% of subjects showed a partial response, whereas 22% demonstrated complete responses to this regimen.

HER-2/neu (erB2-2), a second member of the EGFR family, is overexpressed in approximately 40% of oral squamous cell carcinomas[191] and also has been targeted for antibody therapy. Imajo and colleagues showed the HER-2/neu 
monoclonal antibody rhumAbHER2 was effective at inhibiting growth of oral squamous cell carcinoma lines in culture.[180] This effect was augmented by the combining rhumAbHER2 with radiation therapy. In addition to rhumAbHER2, 
trastuzumab (Herceptin) has induced response rates in 10% to 20% of women with refractory HER-2/neu overexpressing breast carcinomas. [153] The number of responders to this agent increases to nearly 50% when combined with 
chemotherapy.[160] 

Although monoclonal antibodies hold much therapeutic promise, much effort is being spent to develop immunotherapeutic strategies that induce adaptive immune responses that are sufficient to eradicate tumor, while not affecting normal 
host tissues. One of the most attractive ways to achieve this is via whole-cell, dendritic (antigen-presenting) cell- and peptide-based vaccinations. One study examined the efficacy of an autologous whole-cell vaccine and adoptive T-cell 
immunotherapy in 17 patients with unresectable HNSC.[177] Patients were first given an injection of irradiated autologous T cells at a single site, followed by three injections of GM-CSF at that site. Approximately 10 days later, the draining 
lymph nodes were excised and the T cells isolated. These were then expanded in culture in the presence of IL-2 and enterotoxin A, and then reinjected into these patients. Overall, the vaccines were well tolerated with minimal adverse 
effects. Three patients experienced stabilization of disease, and one patient was disease free 4 years after the implementation of therapy. Although these results are promising, it should be noted that autologous tumor vaccines are expensive 
and labor intensive.

In addition to whole-cell vaccines, dendritic cell-based vaccines are being developed for HNSC. Dendritic cells are powerful professional antigen-presenting cells that have the ability to phagocytose apoptotic cells and then present peptides 
to T cells, a process called cross-priming.[72] Dendritic cells exposed to the proper antigenic proteins can serve as a vehicle for antigen presentation and T cell priming. This concept was recently illustrated in a DBA2/J mouse model of HNSC.
[162] Mice that were treated with this vaccine regimen demonstrated a significant decrease in tumor burden verses than control mice, with little evidence of toxicity.

Despite the fact that using irradiated tumor cells is an efficacious therapeutic technique, targeting antigens known to activate T cells has the potential to lead to a more specific and robust immune response. Although there are no HNSC-
specific antigens as of yet, there are a variety of immunogenic proteins present in these tumors that have been shown in other tissue types to be effective targets of vaccination. For example, carcinoembryonic antigen (CEA) has been shown 
to be a safe and efficacious target in patients with tumors of the digestive tract.[103] In addition, patients can mount CEA-specific T-cell responses that are capable of lysing colorectal carcinoma cells.[30] Recently, Van Waes and colleagues[81] 
evaluated the feasibility of targeting CEA with a vaccine in head and neck cancer. This group demonstrated that CEA was expressed in between 50% and 100% of HNSC tumors, depending on the site. In a slightly different vein, Ishikawa 
and colleagues[92] found that a high percentage of patients with various head and neck cancers expressed several isoforms of the melanoma antigen E (MAGE) tumor-associated antigen. This protein is an attractive target for immunotherapy 
because it is expressed in a variety of tumors and is comparatively absent in noncancerous tissues. MAGE proteins have been shown to be effective targets in melanoma[147] and therefore offer a potential target for immunotherapy in HNSC. 
Lastly, as alluded to above, HPV is a factor in the development of a subset of head and neck cancers. [53] As HPV vaccines have shown efficacy in trials of women with cervical carcinoma[110] and patients with HPV-expressing tumors infected 
with the same isotype (type 16),[53] a vaccine trial targeting this strain of HPV in patients at high risk for oral squamous cell carcinoma holds great therapeutic promise, in particular as a prophylactic vaccine given

414

before tumor development, in a manner analogous to strategies described for cervical cancer.[86] 

Immunotherapy for HNSC is a relatively new but promising therapeutic strategy. Difficulties with achieving efficacy with this approach are due mainly to problems with host tolerance and the relative immunosuppression of patients with 
HNSC. Despite this fact, both clinical and translational trials with cytokines, monoclonal antibodies, and a variety of other strategies have yielded promising results with little evidence of host toxicity. In HNSC and other tumor types, 
immunotherapy has been implemented successfully in patients undergoing a variety of other therapeutic modalities, often in patients with end-stage disease. Future efforts will hopefully find ways to circumvent immune tolerance and 
overcome malignancy-related immune dysfunction to produce regimens with better efficacy.

CHEMOPREVENTION

Much of the therapy of head and neck cancer is focused on treating the disease after it has already progressed to malignancy. However, since head and neck cancer often presents initially with premalignant disease, and there is a defined set 
of high-risk individuals, many researchers have begun the search for agents that can either prevent disease from occurring, prevent recurrent disease, or prevent disease progression.

The concept of chemoprevention was first proposed by Sporn and colleagues,[165] who looked at the protective effects of vitamin A and its derivatives on carcinogenesis. The mechanism of action is thought to be via binding of retinoic acid 
receptor molecules,[85] [91] which then function as angiogenic and growth-regulating factors.[97] [169] In a landmark study, the utilization of high-dose 13-cis retinoic acid in patients with known head and neck cancers proved helpful in preventing the 
development of second primary tumors[71] and in the treatment of oral leukoplakias,[70] although there was significant toxicity associated with this therapy, including skin lesions, conjunctivitis, and cheilitis. Furthermore, when therapy was 



discontinued, the risk of disease development returned to baseline after about 2 years.[7] Therefore, the investigation of a low-dose, prospective treatment regimen that has shown promise is underway, as well as many other studies looking at 
different formulations involving the retinoic acid receptor pathway.

Cyclooxygenase (COX)-1 and -2 inhibitors have also been studied as possible mediators of prostaglandins and inflammation that often accompanies many different tumors. Prostaglandins have long been known to be elevated in head and 
neck cancers as well, presumably due to the up-regulation of COX-1 and -2.[8] [79] Animal models suggested that aspirin or ibuprofen could inhibit the formation of buccal tumors.[31] [129] Colon cancer was among the first tumors studied widely in 
humans, beginning with epidemiologic evidence that aspirin reduced the risk of colon cancer development.[176] Sulindac was shown prospectively to reduce the number and size of colonic polyps in patients afflicted with this disease.[52] Studies 
also followed in colorectal, breast, lung, and esophageal carcinomas. * The mechanism behind the effect of COX-2 inhibitors appears to be multifactorial.[33] [95] The overexpression of COX-2 leads to decreased apoptosis, thereby prolonging the 
life span of abnormal cells. Furthermore, inflammation may be a risk factor for epithelial carcinogenesis because it is often found in these malignancies. Angiogenesis may also be tied in to the COX-2 pathway because vascular endothelial 
growth factor (VEGF) expression is elevated by high COX-2 levels.[50] Thus, there are several mechanistic reasons why COX-2 inhibitors would be beneficial in preventing recurrence, development, or progression of head and neck lesions, 
especially in high-risk patients. These prospective studies are currently underway in human subjects.

Newer perspectives are also gained in the area of chemoprevention. Retinoids have been shown to regulate cell growth by activating retinoic acid receptor and retinoid X receptor genes, and they have shown a chemopreventive effect in 
premalignant head and neck lesions. The treatment of head and neck cell lines has been shown to inhibit growth[169] and may have some antiangiogenic effects as well.[97] The effects of 13-cis retinoic acid, interferon α, and α-tocopherol were 
studied in 22 patients with high-grade premalignant lesions of the head and neck and were examined for subsequent molecular and histologic alterations.[102] The histologic responses were often more pronounced than the molecular alterations, 
but further studies need to be performed in large populations to determine their efficacy.

CONCLUSIONS

Novel techniques have led to the discovery of many genes and gene products important in the development of HNSC and laryngeal cancer. TSGs and oncogenes have been identified, and many of their roles have been elucidated in a genetic 
progression model. As these molecular pathways are better understood, the information obtained will increasingly be used to guide patient therapy. Specifically, advances will likely be made in: (1) molecular characterization of steps leading 
to HNSC; (2) molecular screening, staging, and surveillance; (3) molecularly based therapy including gene transfer and small molecule therapy

* References [22] [49] [55] [61] [133] [151] . 

415

directed at specific molecular pathways involved in neoplasia; and (4) chemopreventive therapy for high-risk patients after molecular characterization of those patients who are at high risk for development of HNSC.
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Chapter 15 - OUTCOMES RESEARCH

Bevin Yueh 



INTRODUCTION

The time is past when physicians chose treatment based solely on their personal notions of what was best. This era, although chronologically recent, is now conceptually distant. In a health care environment altered by abundant information 
on the Internet and continual oversight by managed care organizations, patients and insurers are now active participants in selecting treatment. Personal notions ("expert opinions") are replaced by objective evidence. And the physician's 
sense of what is best is being supplemented by patients' perspectives on outcomes after treatment.

Outcomes research (clinical epidemiology) is the scientific study of treatment effectiveness. The word "effectiveness" is a critical one, because it pertains to the success of treatment in populations found in actual practice in the real world, as 
opposed to treatment success in the controlled populations of randomized clinical trials in academic settings ("efficacy").[6] [33] Success of treatment can be measured using patient survival, costs, and physiologic measures, but frequently health-
related quality of life is a primary consideration.

Therefore, to gain scientific insight into these types of outcomes in the observational (nonrandomized) setting, outcomes researchers need to be fluent with methodological techniques that are borrowed from a variety of disciplines, including 
epidemiology, biostatistics, economics, management science, and psychometrics. A full description of the techniques in clinical epidemiology[28] is clearly beyond the scope of this chapter. The goal of this chapter is to provide a primer on the 
basic concepts in effectiveness research, and to provide a sense of the breadth and capacity of outcomes research and clinical epidemiology.

History

In 1900, Dr. Ernest Codman proposed to study what he termed the "end-results" of therapy at the Massachusetts General Hospital.[14] He asked his fellow surgeons to report the success and failure of each operation and developed a 
classification scheme by which failures could be further detailed. During the next two decades, his attempts to introduce systematic study of surgical end-results were scorned by the medical establishment, and his prescient efforts to study 
surgical outcomes gradually faded.

During the next 50 years, the medical community accepted the randomized clinical trial (RCT) as the dominant method for evaluating treatment.[46] By the 1960s, the authority of the RCT was rarely questioned.[106] However, a landmark 1973 
publication by Wennberg and Gittelsohn spurred a sudden reevaluation of the value of observational (nonrandomized) data. These authors documented significant geographic variation in rates of surgery.[107] Tonsillectomy rates in 13 Vermont 
regions varied from 13 to 151 per 10,000 persons, even though there was no variation in the prevalence of tonsillitis. Even in cities with similar demographics and similar access to health care (Boston and New Haven), rates of surgical 
procedures varied tenfold. These findings raised the question of whether the higher rates of surgery represented better care or unnecessary surgery.

Researchers at the Rand Corporation sought to evaluate the appropriateness of surgical procedures. Supplementing relatively sparse data in the literature about treatment effectiveness by presenting statistics at expert opinion conferences, 
these investigators argued that rates of inappropriate surgery were high.[108] However, utilization rates did not correlate with rates of inappropriateness, and therefore did not explain all the variation in surgical rates.[12] [62] To some, this suggested 
that the practice of medicine was anecdotal and inadequately scientific.[44] In 1988, a seminal editorial by physicians from the Health Care Financing Administration argued that a fundamental change towards study of treatment effectiveness 
was necessary. [82] These events subsequently led Congress to establish the Agency for Health Care Policy and
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Research in 1989. The agency has since been renamed the Agency for Healthcare Research and Quality (AHRQ), which was charged with "systematically studying the relationships between health care and its outcomes."

In the past decade, outcomes research and the AHRQ have become integral to understanding treatment effectiveness and establishing health policy. Randomized trials cannot be used to answer all clinical questions, and outcomes research 
techniques can be used to gain considerable insights from observational data (including data from large administrative data bases). With current attention on evidence-based medicine and quality of care, a basic familiarity with outcomes 
research is more important than ever.

KEY TERMS AND CONCEPTS

The fundamentals of clinical epidemiology are best understood by thinking about an episode of treatment: a patient presents at baseline with an index condition, receives treatment for that condition, and then experiences a response to 
treatment. Assessment of baseline state, treatment, and outcomes are all subject to bias. We will begin with a brief review of bias and confounding.

Bias and Confounding

Bias occurs when "compared components are not sufficiently similar." [28] The compared components may involve any aspect of the study. For example, selection bias exists if, when comparing patients who have surgical resection to patients 
who undergo chemoradiation, researchers determine that oncologists avoid treating patients with renal or liver failure. This makes the comparison unfair because, on average, the surgical cohort will accrue patients who are more ill. 
Treatment bias occurs if we attempt to compare standard stapedotomy with laser stapedotomy, but one procedure is performed by an experienced surgeon and the other is performed by resident staff.

Similar to bias, confounding also has the potential to distort the results. However, confounding refers to specific variables. Confounding occurs when a variable thought to cause an outcome is actually not responsible, because of the unseen 
effects of another variable. Consider the hypothetical (and obviously faulty) case where an investigator postulates that nicotine-stained teeth cause laryngeal cancer. Despite a strong statistical association, this relationship is not causal, 
because another variable—cigarette smoking—is responsible. Cigarette smoking is confounding because it is associated with both the outcome (laryngeal cancer) and the supposed baseline state (stained teeth).

Assessment of Baseline

Most physicians are aware of the confounding influences of age, gender, ethnicity, and race. However, accurate baseline assessment also means that investigators should carefully define the disease under study, account for disease severity, 
and consider other important variables such as comorbidity.

Definition of Disease



It would seem obvious that the first step is to establish diagnostic criteria for the disease under study. Yet this is often incomplete. Inclusion criteria should include all relevant portions of the history, the physical examination, and laboratory 
and radiographic data. For example, the definition of chronic sinusitis may vary by pattern of disease (e.g., persistent vs recurrent acute infections), duration of symptoms (3 months vs 6 months), and diagnostic criteria for sinusitis (clinical 
exam vs ultrasound vs CT vs sinus taps and cultures). All of these aspects must be delineated to place studies into proper context.

In addition, advances in diagnostic technology may introduce a bias called stage migration.[26] In cancer treatment, stage migration occurs when more sensitive technologies (such as CT scans in the past and PET scans now) may "migrate" 
patients with previously undetectable metastatic disease out of an early stage (improving the survival of that group), and place them into a stage with otherwise advanced disease (improving this group's survival as well).[10] [88] The net effect is 
that there is improvement in stage-specific survival, but no change in overall survival.

Disease Severity

The severity of disease strongly influences response to treatment. This reality is second nature for oncologists, who use TNM stage to select treatment and interpret survival outcomes. It is intuitively clear that the more severe the disease, the 
more difficult it will be (on average) to restore function. Yet, this concept has not been fully integrated into the study and practice of common otolaryngologic diseases such as sinusitis and hearing loss.

Recent progress has been made in sinusitis. Kennedy identified prognostic factors for successful outcomes in patients with sinusitis and has encouraged the development of staging systems.[58] Several staging systems have now been proposed, 
but most systems rely primarily on radiographic appearance.[41] [65] [66] Clinical measures of disease severity (symptoms and findings) are not typically included in staging systems. Although the Lund-Mackay staging system is reproducible,[69] this 
radiographic staging systems has correlated poorly with clinical disease.[4] [48] [94] However, the Harvard staging system has been reproducible[69] and
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may predict response to treatment.[91] The development and validation of reliable staging systems for other common disorders and the integration of these systems into patient care are pressing challenges in otolaryngology.

Comorbidity

Comorbidity refers to the presence of concomitant disease unrelated to the "index disease" (the disease under consideration), which may affect the diagnosis, treatment, and prognosis for the patient.[11] [32] [79] Documentation of comorbidity is 
important, because the failure to identify comorbid conditions such as liver failure may result in inaccurately attributing poor outcomes to the index disease being studied.[80] This baseline variable is most commonly considered in oncology, 
because most models of comorbidity have been developed to predict survival.[11] [77] Given its impact on costs, utilization, and quality of life, comorbidity should be incorporated in studies of non-oncologic diseases as well.

Assessment of Treatment

Control Groups

Reliance on case series to report results of surgical treatment is time-honored. It is also inadequate for establishing cause and effect relationships. An evaluation of endoscopic sinus surgery reports revealed that only 4 of 35 studies used a 
control group.[63] Without a control group, the investigator cannot establish that the observed effects of treatment were directly related to the treatment itself.[28] 

It is also particularly crucial to recognize that the scientific rigor of the study will vary with the suitability of the control group. The more fair the comparison, the more rigorous the results. Therefore, a randomized cohort study, where 
subjects are randomly allocated to different treatments, is more likely to be free of biased comparisons than observational cohort studies, where treatment decisions are made by an individual, a group of individuals, or a health care system. 
Within observational cohorts, there are also different levels of rigor. In a recent evaluation of critical pathways in head and neck cancer, a "positive" finding in comparison with a historical control group (a comparison group assembled in the 
past) was not significant when compared with a concurrent control group.[109] 

Assessment of Outcomes

Efficacy

The distinction between efficacy and effectiveness, briefly discussed earlier in this chapter, illustrates one of the fundamental differences between randomized trials and outcomes research. Efficacy refers to whether a health intervention, in a 
controlled environment, achieves better outcomes than does placebo. Two aspects of this definition need emphasis. First, efficacy is a comparison to placebo. As long as the intervention is better, it is efficacious. Second, controlled 
environments shelter patients and physicians from problems in actual clinical settings. For example, randomized efficacy trials of medications provide continuing reminders for patients to use their medications, and patients who do not adhere 
to the regimen are dropped from further study.

Effectiveness

An efficacious treatment that retains its value under usual clinical circumstances is effective. Effective treatment must overcome a number of barriers not encountered in the typical trial setting. For example, disease severity and comorbidity 
may be worse in the community, since healthy patients tend to be enrolled in (non-oncologic) trials. Patient adherence to treatment may also be imperfect. Consider CPAP treatment for patients with obstructive sleep apnea. Although the 
CPAP is efficacious in the sleep laboratory, the positive pressure is ineffective if the patients don't wear the masks when they return home.[102] A different challenge is present for surgical treatments, since community physicians learning a new 
procedure cannot be expected to perform it as effectively as the surgeon investigator who pioneered its development.

FUNDAMENTALS OF STUDY DESIGN

A variety of study designs are used to gain insight into treatment effectiveness. Each has advantages and disadvantages. The principle trade-off is complexity vs rigor, because rigorous evidence demands greater effort. An understanding of 
the fundamental differences in study design can help to interpret the quality of evidence, which has been formalized by the evidence-based medicine (EBM) movement. EBM is the "conscientious, explicit, and judicious use of current best 
evidence in making decisions about the care of individual patients."[86] EBM is discussed in detail elsewhere in this book, but is mentioned here because of its overlap with clinical epidemiology. We will summarize the major categories of 
study designs, with reference to the EBM hierarchy of levels of evidence ( Table 15-1 ).[15] [86] 



Randomized Clinical Trial

Randomized clinical trials (RCT) represent the highest level of evidence, because the controlled, experimental nature of the RCT allows the investigator to establish a causal relationship between treatment and subsequent outcome. The 
random distribution of
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TABLE 15-1 -- SUMMARY OF STUDY DESIGNS

Design Advantages Disadvantages Level of Evidence

Randomized clinical trial • Only design to prove causation • Expensive and complex 1, if high quality RCT

 • Unbiased distribution of confounding • Typically targets efficacy 2, if low quality RCT

Observational (cohort) study • Cheaper than RCT • Difficult to find suitable controls 2, with control group

 • Clear temporal directionality from treatment to outcome • Confounding 4, if no control group

Case-control study • Cheaper than cohort study • Must rely on retrospective data 3

 • Efficient study of rare diseases or delayed outcomes • Directionality between exposure and outcome unclear  

Case series • Cheap and simple • No control group 4

  • No causal link between treatment and outcome  

Expert opinion N/A N/A 5
 
patients also allows unbiased distribution of baseline variables and minimizes the influence of confounding. Although randomized trials have generally been used to address efficacy, modifications can facilitate insight into effectiveness as 
well. RCTs with well-defined inclusion criteria, double-blinded treatment and assessment, low losses to follow-up, and high statistical power are considered high-quality RCTs and represent level 1 evidence. Lower quality RCTs are rated 
level 2 evidence.

Observational Study

In observational studies, sometimes called cohort studies, patients are identified at baseline before treatment (or "exposure," in standard epidemiology cohort studies investigating risk factors for disease). This is similar to randomized trials. 
However, these studies assemble patients who receive routine clinical care. Inclusion criteria are substantially less stringent, and treatment is assigned by the provider in the course of clinical care. Maintenance of the cohort is also 
straightforward, since there is no need to keep patients and providers doubly-blinded.

The challenge in cohort studies is to find an appropriate control group. Rigorous prospective and retrospective cohort studies with a suitable control group represent high-quality studies, and can represent level 2 evidence. To obtain insight 
into comparisons of treatment effectiveness, these studies need to use sophisticated statistical and epidemiological methods to overcome the biases discussed earlier in this chapter. Even with these techniques, there is the risk that unmeasured 
confounding variables will distort the comparison of interest. Poor-quality cohorts without control groups or inadequate adjustment for confounding variables are considered level 4 evidence, since they are essentially equivalent to a case 
series, as discussed later.

Case-Control Study

Case-control studies are typically used by traditional epidemiologists to identify risk factors for the development of disease. In such cases, the disease becomes the "outcome." Randomized and observational studies identify patients before 
"exposure" to a treatment (or a pathogen) and then follow patients forward in time to observe the outcome. In contrast, case-control studies use the opposite temporal direction. This design is particularly valuable when prospective studies are 
not feasible, either because the disease is too rare or because the time interval between baseline and outcome is prohibitively long.

For example, a prospective study of an association between a proposed carcinogen (e.g., gastroesophageal reflux) and laryngeal cancer would require a tremendous number of patients and decades of observation. However, by identifying 
patients with and without laryngeal cancer, and comparing relative rates of carcinogen exposure, a case-control study can obtain a relatively quick answer.[24] It should be noted that because the temporal relationship between exposure and 
outcome is not directly observed, no causal judgments are possible. These studies are considered level 3 evidence.
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Case Series and Expert Opinion

Case series are the least sophisticated format. As discussed earlier, no conclusions about causal relationships between treatment and outcome can be made because of uncontrolled bias and the absence of any control group. These studies are 
considered level 4 evidence. If case studies are unavailable, then expert opinion is used to provide level 5 evidence.

Other Study Designs

Numerous other important study designs in outcomes research exist, but a detailed discussion of these techniques is beyond the scope of this chapter. The most common approaches include decision analyses,[57] [74] cost-identification and cost-
effectiveness studies, [43] [59] [85] secondary analyses of administrative databases,[31] [47] [70] and meta-analyses. [30] [84] Critiques of these techniques are referenced for completeness.



Grading of EBM Recommendations

EBM uses the levels of evidence described earlier to grade treatment recommendations ( Table 15-2 ). [9] The presence of high-quality RCTs allows treatment recommendations for a particular intervention to be ranked as grade A. If no RCTs 
are available, but level 2 (observational study with a control group) or 3 (case-control study) evidence exists, the treatment recommendations are ranked as grade B. The presence of only a case series would result in a grade C 
recommendation. If even case series are unavailable and only expert opinion is available, the recommendation for the index treatment is considered grade D.

MEASUREMENT OF CLINICAL OUTCOMES

Clinical studies have traditionally used outcomes such as mortality and morbidity, or other "hard" laboratory or physiologic endpoints,[27] such as blood pressure, white cell counts, or radiographs. This practice has persisted despite evidence 
that interobserver variability of accepted "hard" outcomes such as chest x-ray findings and histological reports are distressingly high.[23] In addition, clinicians rely on "soft" data, such as pain relief or symptomatic improvement to  

TABLE 15-2 -- RELATIONSHIPS BETWEEN GRADE OF RECOMMENDATION AND LEVEL OF EVIDENCE

Grade of Recommendation Level of Evidence

A 1

B 2 or 3

C 4

D 5
 
determine whether patients are responding to treatment. But because it has been difficult to quantify these variables, these outcomes were largely ignored until the millennium.

Psychometric Validation

An important contribution of outcomes research has been the development of questionnaires to quantify these "soft" constructs, such as symptoms, satisfaction, and quality of life. A rigorous psychometric validation process is typically 
followed to create these questionnaires (more often referred to as scales or instruments). These scales can then be administered to patients to produce a numerical score. I will briefly introduce the validation process. A more complete 
description can be found elsewhere.[73] [90] [96] The three major steps in the process are the establishment of reliability, validity, and responsiveness. 

• Reliability. A reliable scale reproduces the same result in precise fashion. For example, assuming there is no clinical change, a scale administered today and next week should produce the same result. This is called test-retest reliability. 
Other forms of reliability include internal consistency and inter-observer reliability.[67] [96] 
• Validity. A valid scale measures what it is purported to measure. This concept is initially difficult to appreciate. Since these scales are designed to measure constructs that have not previously been measured, and since the constructs are 
difficult to define in the first place (e.g., quality of life), how does one determine what the scales are supposed to measure? The abbreviated answer is that the scales should behave in the hypothesized way. A simple example of an 
appropriate hypothesis is that a proposed cancer-specific quality-of-life scale should correlate strongly with pain, tumor stage, and disfigurement, but less strongly with age and gender. For more complete discussion, several excellent 
references are listed.[29] [67] [73] [90] [96] 
• Responsiveness. A responsive scale is able to detect clinically important change.[21] For instance, a scale may distinguish a moderately hearing impaired individual from a deaf individual. Such a scale is "valid." But can it detect a 
different score if the individual's hearing improves mildly after surgery? Alternatively, the minimum improvement in score that represents a clinically important change might be provided.[51] [53] 

Categories of Outcomes

In informal use, the terms health status, function, and quality of life are frequently used interchangeably.
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However, these terms have important distinctions in the health services literature. Health status describes an individual's physical, emotional, and social capabilities and limitations. Function refers to how well an individual is able to perform 
important roles, tasks, or activities.[73] Quality of life (QOL) differs because the central focus is on the value that individuals place on their health status and function.[73] 

Because many aspects of QOL are unrelated to a patient's health status (e.g., income level, marital and family happiness), outcomes researchers typically focus on scales that measure only health-related quality of life (HRQOL). HRQOL 
scales may be categorized as either generic or disease-specific. Generic (or general) scales are used for QOL assessment in a broad range of patients. The principal advantage of generic measures is that they facilitate comparison of results 
across different diseases. For example, how does the QOL of a heart transplant patient compare to that of a cancer patient? Disease-specific scales, on the other hand, are designed to assess specific patient populations. Because these scales 
can focus on a narrower range of topics, they tend to be more responsive to clinical change in the population under study. To benefit from the advantages of each type of scale, rigorous studies often use both a generic and a disease-specific 
scale to assess outcomes.

In addition to these measures, a number of other outcomes are increasingly popular. These include  

TABLE 15-3 -- OUTCOMES MEASURES RELEVANT TO OTOLARYNGOLOGY * 

Disease Category Examples

Generic Health status SF-36[101] 

 Quality of life WHOQOL[98] 



 utility QWB[55] 

Head and neck cancer General UWQOL,[81] FACT,[8] EORTC[5] 

 Radiation-specific QOL-RTI/H&N[99] 

 Clinician-rated PSS[64] 

Otologic General HHIE[100] 

 Conductive loss HSS[93] 

 Amplification APHAB,[16] EAR[89] 

 Dizziness DHI[50] 

 Tinnitus THI[60] 

Rhinologic Nasal obstruction NOSE[95] 

 Chronic sinusitis SNOT-20,[78] CSS[42] 

Pediatric Tonsillectomy TAHSI[92] 

 Otitis media OM-6[83] 

 Sleep apnea OSD-6,[18] OSA-18[36] 

Other Adult sleep apnea FOSQ,[103] SAQLI[34] 

 Swallowing MDADI,[13] SWAL-QOL[68] 

 Voice VHI,[49] VOS[39] 

 Cosmetic ROE, BOE[1] 
*Refer to text for additional scales. 

 
 
 
patient satisfaction, costs and charges,[74] [109] health care utilization, and patient preferences (utilities, willingness to pay). [16] [37] [109] Descriptions of these methods are referenced for completeness.

EXAMPLES OF OUTCOMES MEASURES

As mentioned earlier in this chapter, one of the principal contributions of outcomes research has been the development of scales to measure HRQOL and related outcomes. I will briefly discuss several validated scales that are relevant to 
otolaryngology. Unless otherwise indicated, these scales are completed by the patient. The references contain details about validation data, and most also include a listing of sample questions and scoring instructions. The most widely used 
scales in each category are listed in Table 15-3 .

Generic Scales

The best known and most widely used outcomes instrument is the Medical Outcomes Study Short Form-36, commonly called the SF-36.[101] This 36-item scale is designed for adults and surveys general health status. It produces scores in eight 
health categories (e.g., vitality, bodily pain, limitations in physical activities). The SF-36 also generates two summary scores on overall physical and mental health status. Normative population scores are available, and the scale has been 
translated into numerous languages.
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Instructions, numerous reference publications, and other related information can be found at the SF-36 Web site (www.sf36.com).

A variety of other popular generic scales are available as well and are referenced at the site. Another health status measure is the Sickness Impact Profile.[3] The Quality of Well Being (QWB[55] [56] ) and the Health Utilities Index (HUI[25] [37] ) 
measure patient preferences, or utilities, and the World Health Organization's QOL scale (WHOQOL[98] ) is a measure of generic quality of life.

Head and Neck Cancer

In 2002, the National Institutes of Health (NIH) sponsored a conference to achieve consensus on the methods used to measure and report QOL assessment in head and neck cancer.[110] There was agreement that an adequate number of scales 
already exist to measure general QOL in head and neck cancer patients. The three most popular scales at that time were the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC-HN35 [5] ), the 
University of Washington Quality of Life scale (UW-QOL[19] [45] [81] ), and the Functional Assessment of Cancer Therapy Head and Neck module (FACT-HN[8] ). Both the EORTC-HN35 and FACT-HN instruments offer additional modules that 
measure general cancer QOL in addition to the head-and-neck cancer-specific modules, but are longer than the 12-item UW-QOL scale.

A clinician-rated scale—in which the clinician completes the scale, rather than the patient—that has achieved widespread use is the Performance Status Scale, a 3-item instrument that correlates well with many of the already-mentioned 
cancer scales.[64] A number of other excellent, validated patient-completed scales are also available, including the Head and Neck Quality of Life (HNQOL[97] ) and the Head & Neck Survey (H&NS[40] ), although these scales have not been used 
as widely. Several validated scales that focus on QOL of patients undergoing radiation are also in use.[7] [99] 



Otologic Disease

The most widely used validated measure to quantify hearing-related QOL is the Hearing Handicap Inventory in the Elderly (HHIE), a 25-item scale with two subscales that measure the emotional and social impact of hearing loss.[100] [104] The 
minimum change in score that corresponds to a clinically important difference has been established.[72] However, the scale does not distinguish between conductive or sensorineural hearing loss. The Hearing Satisfaction Scale (HHS) is 
specifically designed to measure outcomes after treatment for conductive hearing loss. It therefore addresses side effects or complications of treatment and is brief (15 items).[93] 

Numerous validated measures exist to assess outcomes after hearing amplification. One popular scale is the Abbreviated Profile of Hearing Aid Benefit (APHAB).[16] This 24-item scale measures four aspects of communication ability. Values 
corresponding to minimally clinically important clinical change have also been established.[17] The Effectiveness of Auditory Rehabilitation (EAR) scale addresses comfort and cosmesis issues associated with hearing aids that are overlooked 
in many hearing aid scales. [89] There are two brief 10-item modules. The Inner EAR addresses intrinsic issues of hearing loss such as functional, physical, emotional, and social impairment. The Outer EAR covers extrinsic factors such as the 
comfort, convenience, and cosmetic appearance of hearing aids.

Individuals interested in pursuing research on hearing amplification should also be aware of a number of other validated scales. Only a partial listing is referenced here.[20] [22] [38] [87] In addition to these scales, there are several excellent, validated 
scales that assess other aspects of otologic disease including dizziness[50] and tinnitus.[60] 

Rhinologic Disease

The ability to assess outcomes in chronic rhinosinusitis has dramatically improved with the development of disease-specific scales. The two most widely used scales are the Sinonasal Outcome Test (SNOT-20[78] ) and the Chronic Sinusitis 
Survey (CSS[42] ). The SNOT-20 has 20 items, has been extensively validated, and is a shortened version of the 31-item Rhinosinusitis Outcome Measure.[75] It is responsive to clinical change and has established scores that reflect minimally 
clinically important differences. The CSS is a shorter scale that consists of two components. The severity-based component has four items, and the duration-based component asks about duration of both symptoms and medication use. In 
addition to the SNOT-20 and CSS, there are a number of other excellent validated sinusitis scales. [2] [54] 

In 2003, the American Academy of Otolaryngology-Head and Neck Surgery Foundation commissioned the National Center for the Promotion of Research in Otolaryngology (NC-PRO) to develop and validate a disease-specific instrument 
for patients with nasal obstruction for a national outcomes study. The Nasal Obstruction Symptom Evaluation (NOSE) scale is a five-item instrument that is valid, reliable, and responsive.[95] 

Pediatric Diseases

An important difference between measuring outcomes in adults and children is that younger children may be
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unable to complete the scales by themselves. In these cases, the instruments need to be completed by proxy, typically a parent or other care giver. This difference in perspective should be kept in mind when interpreting the results of pediatric 
studies. A good generic scale, similar to the SF-36 for adults, is the Child Health Questionnaire (CHQ[61] ). This is also a widely used instrument that has been extensively validated and translated into numerous languages. The CHQ is a health 
status measure designed for children 5 years of age and older, and can be completed directly by children 10 years of age and older.

A number of excellent, validated disease-specific scales exist for children. The Otitis Media scale (OM-6) is a brief, 6-item scale useful for the evaluation of otitis media-related QOL in children.[83] The OM-6 has been shown to be reliable, 
valid, and responsive, and has been widely adopted. Two scales are pertinent to children with obstructive sleep disorders, the OSA-18[36] and the OSD-6.[18] A scale has also been developed for studying tonsil and adenoid health in children. [92] 

Other Disorders

Several validated scales are in use to assess HRQOL in adults with obstructive sleep apnea. The most widely used are the 30-item Functional Outcomes of Sleep Questionnaire (FOSQ[103] ) and the 50-item Calgary Sleep Apnea Quality of Life 
Index (SAQLI[34] [35] ). Clinicians interested in a more brief instrument may wish to consider the Symptoms of Nocturnal Obstruction and Respiratory Events (SNORE-25[76] ). The eight-item Epworth Sleepiness Scale is commonly used to 
assess the degree of daytime sleepiness.[52] 

Two scales specific to swallowing are available. The MD Anderson Dysphagia Inventory (MDADI[13] ) is a brief, 20-item scale intended to measure dysphagia in head and neck cancer patients. The SWAL-QOL is longer (44 items), but 
validated for use in a more general population.[63] Finally, several instruments have been developed to assess outcomes in voice[39] [49] and facial plastic surgery.[1] 

SUMMARY AND FUTURE DIRECTIONS

Outcomes research is the scientific analysis of treatment effectiveness. From the early 1990s into the early twenty-first century, outcomes research has contributed substantially to the national debate on health resource allocation. Outcomes 
research provides insight into the value of otolaryngology treatments and methods for quantifying important outcomes that were previously too "soft" to measure. Better appreciation of outcomes research will improve the level of evidence 
about important treatments and operations. The impact of outcomes research is now beginning to extend into deliberations about quality of care, as the health care system moves to establish standards for patient safety. The Leapfrog Group, a 
coalition of the largest public and private organizations that provide health care benefits for its employees, uses its collective purchasing power to ensure that its employees have access to and more informed choices about high-quality health 
care. Policymakers will increasingly look to outcomes research for insight into how to measure quality and safety, in addition to effectivness.

It is imperative that clinicians be familiar with these basic principles. Otolaryngologists should participate in local and national outcomes research efforts to improve the evidence supporting successful otolaryngology interventions and to 
provide informed physician perspective in a health care environment that is increasingly driven by third-party participants.
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Chapter 16 - INTERPRETING MEDICAL DATA

Richard M. Rosenfeld 

INTRODUCTION

In every chapter of this book, whether it relates to clinical medicine or basic science, the authors draw on their own experience and the experience of others to form systematic conclusions. Experience yields data, and interpreting data is the 
heart and soul of the cumulative process called science. Data interpretation is also a centerpiece of evidence-based medicine, defined as the ". . . conscientious, explicit and judicious use of current best evidence in making decisions about the 
care of individual patients."[44] Learning how to interpret medical data will make you a better clinician, researcher, and teacher.

Effective data interpretation is a habit: a combination of knowledge, skill, and desire.[13] My goal is primarily to light the fires of desire, because I cannot possibly convey all the knowledge and skill in the space of this chapter. Instead, I will 
focus on the fundamental principles that underlie all data interpretation, regardless of the specific situation or statistical test to which they are applied. If you understand and apply these principles, you will be able to tackle the most complex 
data set or analytical problem.

By applying the seven habits ( Table 16-1 ) outlined in this chapter, all otolaryngologists—regardless of their level of statistical knowledge or lack thereof—can interpret data. The numerous tables that accompany the text are designed as 
stand-alone reminders, and often contain keywords with definitions endorsed by the International Epidemiological Association.[31] I will also discuss the practice of data interpretation, including specific hypothesis tests, sample size 
determination, and common statistical deceptions encountered in the otolaryngology literature. You do not have to be a numerical wizard to understand data; all you need are patience, persistence, and a few good habits that will help settle 
the dust following the clash of statistics with the human mind.

The Seven Habits of Highly Effective Data Users



The seven habits that follow are the key to understanding data. [42] They embody fundamental principles of epidemiology and biostatistics that are developed in a logical and sequential fashion. Table 16-1 gives an overview of the seven habits 
and their corresponding principles and keywords.

Habit 1: Check Quality Before Quantity

Bias is a four-letter word that is easy to ignore, but difficult to avoid.[46] Data collected specifically for research ( Table 16-2 ) are likely to be unbiased—they reflect the true value of the attribute being measured. In contrast, data collected 
during routine clinical care will vary in quality depending on the specific methodology applied.[46] 

Experimental studies, such as randomized trials, often yield high-quality data because they are performed under carefully controlled conditions. In observational studies, however, the investigator is simply a bystander who records the natural 
course of health events during clinical care. Although more reflective of "real life" than a contrived experiment, observational studies are more prone to bias. Comparing randomized trials with outcomes studies highlights the difference 
between experimental and observational research ( Table 16-3 ).

The presence or absence of a control group has a profound influence on data interpretation. An uncontrolled study—no matter how elegant—is purely descriptive.[36] Nonetheless, authors of case series often delight in unjustified musings on 
efficacy, effectiveness, association, and causality. Without a control or comparison group, treatment effects cannot be distinguished from other causes of clinical change ( Table 16-4 ). Some of these causes are found in Figure 16-1 , which 
depicts change in health status after a healing encounter as a complex interaction of three primary factors[8] [37] :
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TABLE 16-1 -- THE SEVEN HABITS OF HIGHLY EFFECTIVE DATA USERS

Habit Underlying Principles Keywords

1. Check quality before quantity All data are not created equal; fancy statistics cannot salvage biased data from a poorly designed 
and executed study

Bias, accuracy, research design, confounding, causality

2. Describe before you analyze Special data require special tests; improper analysis of small samples or data with an asymmetric 
distribution gives deceptive results

Measurement scale, frequency distribution, descriptive statistics

3. Accept the uncertainty of all data All observations have some degree of random error; interpretation requires estimating the 
associated level of precision or confidence

Precision, random error, confidence intervals

4. Measure error with the right statistical test Uncertainty in observation implies certainty of error; positive results must be qualified by the 
chance of being wrong; negative results by the chance of having missed a true difference

Statistical test, type I error, P value, type II error, power

5. Put clinical importance before statistical significance Statistical tests measure error, not importance; an appropriate measure of clinical importance must 
be checked

Effect size, statistical significance, clinical importance

6. Seek the sample source Results from one data set do not necessarily apply to another; findings can be generalized only for 
a random and representative sample

Population, sample, selection criteria, external validity

7. View science as a cumulative process A single study is rarely definitive; data must be interpreted relative to past efforts and by their 
implications for future efforts

Research integration, level of evidence, meta-analysis

 
1.  What was actually done? Specific effect(s) of therapy, including medications, surgery, physical manipulations, and alternative or integrative approaches.
2.  What would have happened anyway? Spontaneous resolution, including natural history, random fluctuations in disease status, and regression to a mean symptom state.
3.  What was imagined to have been done? Placebo response, defined as a change in health status resulting from the symbolic significance attributed by the patient (or proxy) to the encounter itself. A placebo response is most likely to occur 

when the patient receives a meaningful and personalized explanation, feels care and concern expressed by the healer, and achieves control and mastery over illness (or believes that the healer can control the illness).

The placebo response differs from the traditional definition of placebo as an inactive medical substance. Whereas a placebo can elicit a placebo response, the latter can occur without the former. A placebo response results from the 
psychological or symbolic importance attributed by the patient to any nonspecific event in a healing environment. These events include touch, words, gestures, locale ambiance, and social interactions.[15] Many of these factors are 
encompassed in the term caring effects, [26] which have been central to medical practice in all cultures throughout history.

When data from a comparison or control group are available, inferential statistics may be used to test hypotheses and measure associations. Causality may also be assessed when the study has a time-span component, either retrospective or 
prospective (see Table 16-2 ). Prospective studies measure incidence (new events), whereas retrospective studies measure prevalence (existing events). Unlike time-span studies, cross-sectional inquiries measure association not causality. 
Examples include surveys, screening programs, and evaluation of diagnostic tests. Experimentally planned interventions are ideal for assessing cause-effect relationships, because observational studies are prone to innate distortions or biases 
caused by individual judgments and other selective decisions.[17] 

Another clue to data quality is study type,[40] but this cannot replace the four questions in Table 16-2 . Note the variability in data quality for the study types listed
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TABLE 16-2 -- EFFECT OF STUDY DESIGN ON DATA INTERPRETATION

Aspect of Study Design Effect on Data Interpretation

How were the data originally collected?  

••Specifically for research Interpretation is facilitated by quality data collected according to an a priori protocol

••During routine clinical care Interpretation is limited by the consistency, accuracy, availability, and completeness of the source records

Is the study experimental or observational?  

••Experimental study with conditions under direct control of the investigator Low potential for systematic error (bias); bias can be reduced further by randomization and masking (blinding)

••Observational study without intervention other than to record, classify, analyze High potential for bias in sample selection, treatment assignment, measurement of exposures and outcomes

Is there a comparison or control group?  

••Comparative or controlled study with two or more groups Permits analytic statements concerning efficacy, effectiveness, and association

••No comparison group present Permits descriptive statements only, because of improvements from natural history and placebo effect

What is the direction of study inquiry?  

••Subjects identified prior to an outcome or disease; future events recorded Prospective design measures incidence (new events) and causality (if comparison group included)

••Subjects identified after an outcome or disease; past histories are examined Retrospective design measures prevalence (existing events) and causality (if comparison group included)

••Subjects are identified at a single time point, regardless of outcome or disease Cross-sectional design measures prevalence (exiting events) and association (if comparison group included)
 
in Table 16-5 , particularly the observational designs. Randomization balances baseline prognostic factors (known and unknown) among groups, including severity of illness and the presence of comorbid conditions. Because these factors 
also influence a clinician's decision to offer treatment, nonrandomized studies are prone to allocation (susceptibility) bias  

TABLE 16-3 -- COMPARISON OF RANDOMIZED CLINICAL TRIALS AND OUTCOMES STUDIES

Characteristic Randomized Clinical Trial Outcomes Study

Level of investigator control Experimental Observational

Treatment allocation Random assignment Routine clinical care

Patient selection criteria Restrictive Broad

Typical setting Hospital or university based Community based

Endpoint definitions Objective health status Subjective quality of life

Endpoint assessment Masked (blinded) Unmasked

Statistical analysis Comparison of groups Multivariate regression

Potential for bias Low Very high

Ability to be generalized Potentially low Potentially high
 
(see Table 16-3 ) and false-positive results.[16] A typical example occurs when the survival of surgically treated cancer patients is compared with nonsurgical controls (e.g., radiation or chemotherapy). Without randomization, the surgical 
group will generally have a more favorable prognosis—independent of therapy—because the customary criteria for operability (special
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TABLE 16-4 -- EXPLANATIONS FOR FAVORABLE OUTCOMES IN TREATMENT STUDIES

Explanation Definition Solution

Bias Systematic variation of measurements from their true values; may be intentional or unintentional Accurate, protocol-driven data collection

Chance Random variation without apparent relation to other measurements or variables (e.g., getting lucky) Control or comparison group

Natural history Course of a disease from onset to resolution; may include relapse, remission, and spontaneous recovery Control or comparison group

Regression to the mean Symptom improvement independent of therapy, as sick patients return to a mean level after seeking care Control or comparison group

Placebo effect Beneficial effect caused by the expectation that the regimen will have an effect (e.g., power of suggestion) Control or comparison group with placebo

Halo effect Beneficial effect caused by the manner, attention, and caring of a provider during a medical encounter Control or comparison group treated similarly

Confounding Distortion of an effect by other prognostic factors or variables for which adjustments have not been made Randomization or multivariate analysis

Allocation (susceptibility) bias Beneficial effect caused by allocating subjects with less severe disease or better prognosis to treatment 
group

Randomization or comorbidity analysis



Ascertainment (detection) bias Favoring the treatment group during outcome analysis (e.g., statistical rounding up for treated subjects, 
statistical rounding down for controls)

Masked (blinded) outcome assessment

 
anatomic conditions and no major comorbidity) also predispose to favorable results.

The relationship between data quality and interpretation is illustrated in Table 16-6 using hypothetical studies to determine whether tonsillectomy causes 

 
Figure 16-1 Model depicting change in health status after a healing encounter. Dashed arrow shows that a placebo response may occur from symbolic significance of the specific therapy given or from interpersonal aspects of the encounter. 

 

TABLE 16-5 -- RELATIONSHIP OF STUDY TYPE TO STUDY METHODOLOGY

Study Type How were the Data Originally Collected? Is there a Control or Comparison Group? What is the Direction of Study Inquiry?

Experimental studies    

••Basic science Research Yes or no Prospective or cross-sectional

••Clinical Research Yes or no Prospective or cross-sectional

••Randomized Research Yes Prospective

Observational studies    

••Cohort Clinical care or research Yes or no Prospective

••Historical cohort Clinical care Yes Prospective

••Outcomes research Clinical care or research Yes or no Prospective

••Case-control Clinical care Yes Retrospective

••Case series Clinical care Yes or no Retrospective or prospective

••Survey Clinical care or research Yes or no Cross-sectional

••Diagnostic test Clinical care or research Yes or no Cross-sectional
 
Data description begins by defining the measurement scale that best suits the observations. Categorical (qualitative) observations fall into one or more categories and include dichotomous, nominal, and ordinal scales ( Table 16-7 ). 
Numerical (quantitative) observations are measured on a continuous scale and are further classified by the underlying frequency distribution (i.e., the plot of observed values vs the frequency of each value). Numerical data with a symmetric 
(normal) distribution are symmetrically placed around a central crest or trough (i.e., bell-shaped curve). Numerical data with an asymmetric distribution are skewed (shifted) to one side of the center, have a sloping "exponential" shape that 
resembles a forward or backward J, or contain some unusually high or low outlier values.

Depending on the measurement scale, data may be summarized using one or more of the descriptive statistics in Table 16-8 . Note that when summarizing numerical data, the descriptive method varies according to the underlying 
distribution. Numerical data with a symmetric distribution are best summarized with the mean and standard deviation (SD), because 68% of the observations fall within the mean ± 1 SD and 95% fall within the mean ± 2 SD. In contrast, 
asymmetric numerical data are best summarized with the median, because even a single outlier can strongly influence the mean. If a series of 5 patients are followed after sinus surgery for 10, 12, 15, 16, and 48 months, the mean duration of 
follow-up is 20 months, but the median is only 15 months. In this case a single outlier—48 months—distorts the mean.

Although the mean is appropriate only for numerical data with a symmetric distribution, it is often applied regardless of the underlying symmetry. An easy way to determine whether the mean or median is appropriate for numerical data is to 
calculate both; if they differ significantly, the median should be used. Another way is to examine the SD. When the SD is very large (e.g., larger than the mean value with which it is associated), the data often have an asymmetric distribution 
and should be described by the median and interquartile range. When in doubt, the median should always be used over the mean.[18] 

A special form of numerical data is called censored ( Table 16-7 ). Data are censored when three conditions apply: (1) the direction of study inquiry is prospective; (2) the outcome of interest is time-related; and (3) some subjects die, are lost, 
or have not yet had the outcome of interest when the study ends. Interpreting censored data is called survival analysis, because of its use in cancer studies where survival is the outcome of interest. Survival analysis permits full utilization of 
censored observations by including them in the analysis up to the time the censoring occurred. If censored observations are instead excluded from analysis (e.g., exclude all patients with less than 3 years follow-up in a cancer study), the 
resulting survival rates will be biased and sample size will be unnecessarily reduced.

A survival curve starts with 100% of the study sample alive and shows the percentage still surviving at successive times for as long as information is available. The curve may be applied not only to survival as such, but also to the persistence 



of freedom from a disease or complication or some other endpoint. For example, one could estimate the 3-year, 5-year, or 10-year rates for cholesteatoma recurrence, or the future "survival" of tonsils (e.g., no need for tonsillectomy) in a 
cohort of children after adenoidectomy alone. Several statistical methods are available for
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TABLE 16-6 -- DETERMINING WHETHER TONSILLECTOMY CAUSES BALDNESS: STUDY DESIGN VS INTERPRETATION * 

Study Design Study Execution Interpretation

1. Case series, retrospective A group of bald subjects are questioned as to whether or not they ever had tonsillectomy Measures prevalence of tonsillectomy in bald subjects; cannot assess association 
or causality

2. Case series, prospective A group of subjects who had, or who are about to have, tonsillectomy are examined later 
for baldness

Measures incidence of baldness after tonsillectomy; cannot assess association or 
causality

3. Cross-sectional study A group of subjects are examined for baldness and for presence or absence of tonsils at 
the same time

Measures prevalence of baldness and tonsillectomy and their association; cannot 
assess causality

4. Case-control study A group of bald subjects and a group of non-bald subjects are questioned about prior 
tonsillectomy

Measures prevalence of baldness and association with tonsillectomy; limited 
ability to assess causality

5. Historical cohort study A group of subjects who had prior tonsillectomy and a comparison group with intact 
tonsils are examined later for baldness

Measures incidence of baldness and association with tonsillectomy; can assess 
causality when adjusted for confounding variables

6. Cohort study (longitudinal) A group of non-bald subjects about to have tonsillectomy and a non-bald comparison 
group with intact tonsils are examined later for baldness

Measures incidence of baldness and association with tonsillectomy; can assess 
causality when adjusted for confounding variables

7. Randomized controlled trial A group of non-bald subjects with intact tonsils are randomly assigned to tonsillectomy 
or observation and examined later for baldness

Measures incidence of baldness and association with tonsillectomy; can assess 
causality despite baseline confounding variables

*Studies are listed in order of increasing ability to establish a causal relationship. 

 
 
 
analyzing survival data. The Kaplan-Meier (product-limit) method records events by exact dates and is suitable for small and large samples. Conversely, the life table (actuarial) method records events by time interval (e.g., every month, 
every year) and is most  

TABLE 16-7 -- MEASUREMENT SCALES FOR DESCRIBING AND ANALYZING DATA

Scale Definition Examples

Dichotomous Classification into either of two mutually exclusive categories Breast feeding (yes/no), sex (male/female)

Nominal Classification into unordered qualitative categories Race, religion, country of origin

Ordinal Classification into ordered qualitative categories, but with no natural (numerical) distance between their possible values Hearing loss (none, mild, moderate), patient satisfaction (low, medium, high), age 
group

Numerical Measurements with a continuous scale, or a large number of discrete ordered values Temperature, age in years, hearing level in decibels

Numerical (censored) Measurements on subjects lost to follow-up or in whom a specified event has not yet occurred at the end of a study Survival rate, recurrence rate, or any time-to-event outcome in a prospective study
 
commonly used for large samples in epidemiological studies.

The odds ratio, relative risk, and rate difference (see Table 16-8 ) are useful ways of comparing two groups of dichotomous data.[9] A retrospective (case-control)
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study of tonsillectomy and baldness might report an odds ratio of 1.6, indicating that bald subjects were 1.6 times more likely to have had tonsillectomy than were non-bald controls. In contrast, a prospective study would report results using 
relative risk. A relative risk of 1.6 means that baldness was 1.6 times more likely to develop in tonsillectomy subjects than in nonsurgical controls. Finally, a rate difference of 30% in a prospective trial or experiment reflects the increase in 
baldness caused by tonsillectomy, above and beyond what occurred in controls. No association exists between groups when the rate difference equals 0, or the odds ratio or relative risk equals one (unity).

Two groups of ordinal or numerical data are compared with a correlation coefficient ( Table 16-8 ). A coefficient (r) of 0 to .25 indicates little or no relationship, .25 to .49 a fair relationship, .50 to .74 a moderate to good relationship, and 
greater than .75 a good to excellent relationship. A perfect linear relationship would yield a coefficient of 1.00. When one variable varies directly with the other, the coefficient is positive. A negative coefficient implies an inverse association. 
Sometimes the correlation coefficient is  

TABLE 16-8 -- DESCRIPTIVE STATISTICS



Descriptive Measure Definition When to Use it

Central tendency   

••Mean Arithmetic average Numerical data that are symmetric

••Median Middle observation; half the values are smaller and half are larger Ordinal data; numerical data with an asymmetric distribution

••Mode Most frequent value Nominal data; bimodal distribution

Dispersion   

••Range Largest value minus smallest value Emphasizes extreme values

••Standard deviation Spread of data about their mean Numerical data that are symmetric

••Percentile Percentage of values that are equal to or below that number Ordinal data; numerical data with an asymmetric distribution

••Interquartile range Difference between the 25th percentile and 75th percentile Ordinal data; numerical data with an asymmetric distribution

Outcome   

••Survival rate Proportion of subjects surviving, or with some other outcome, after a time interval (e.g., 1 year, 5 years, 
etc.)

Numerical (censored) data in a prospective study

••Odds ratio Odds of a disease or outcome in subjects with a risk factor divided by odds in controls Dichotomous data in a retrospective or prospective controlled study

••Relative risk Incidence of a disease or outcome in subjects with a risk factor divided by incidence in controls Dichotomous data in a prospective controlled study

••Rate difference * Event rate in treatment group minus event rate in control group Compares success or failure rates in clinical trial groups

••Correlation coefficient Degree to which two variables have a linear relationship Numerical or ordinal data
*Also called the absolute risk reduction. 

 
 
 
squared (R2 ) to form the coefficient of determination, which estimates the percentage of variability in one measure that is predicted by the other.

Habit 3: Accept the Uncertainty of all Data

Uncertainty is present in all data because of the inherent variability in biologic systems and in our ability to assess such systems.[43] It is impossible to reproduce the exact same results time after time. If you measure hearing in 20 healthy 
volunteers on 5 different days, how likely would it be to get the same mean result each time? Very unlikely, because audiometry has a variable behavioral component that depends on the subject's response to a stimulus and the examiner's 
perception of that response. Similarly, if you measured hearing in 5 groups of 20 healthy volunteers each, how likely would it be to get the same mean hearing level in each group? Again unlikely, because of variations between individuals. 
We would get a range of similar results, but rarely the exact same result on repetitive trials.

Uncertainty must be dealt with when interpreting data, unless the results are meant to apply only to the particular group of patients, animals, cell cultures,
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DNA strands, etc., in which the observations were initially made. Recognizing this uncertainty, we call each of the descriptive measures in Table 16-8 a point estimate, specific to the data that generated it. In medicine, however, we seek to 
pass from observations to generalizations, from point estimates to estimates about other populations. When this process occurs with calculated degrees of uncertainty, we call it inference.

Here's a brief example of clinical inference. After treating five vertiginous patients with vitamin C, you remark to a colleague that four had excellent relief of their vertigo. She asks, "How confident are you of your results?" "Quite 
confident," you reply, "there were five patients, four got better, and that's 80%." "Maybe I wasn't clear," she interjects, "how confident are you that 80% of vertiginous patients you see in the next few weeks will respond favorably, or that 
80% of similar patients in my practice will do well with vitamin C?" "In other words," she continues, can you infer anything about the real effect of vitamin C on vertigo from only five patients?" Hesitatingly you retort "I'm pretty confident 
about that number 80%, but maybe I'll have to see a few more patients to be sure."

The real issue, of course, is that a sample of only five patients offers low precision (repeatability). How likely is it that the same results would be found if five new patients were studied? Actually, we can state with 95% confidence that 4 out 
of 5 successes in a single trial is consistent with a range of results from 28% to 99% in future trials. This 95% confidence interval may be calculated manually or with a statistical program,[5] [23] and tells us the range of results consistent with 
the observed data. Thus, if this trial were repeated, we could obtain a success rate as low as 28%, not very encouraging compared with the original point estimate of 80%. To make an analogy to a mutual fund prospectus, past performance is 
no guarantee of future results. Statistics, however, allow us to estimate future performance with a calculated degree of uncertainty.

Precision may be increased (uncertainty may be decreased) by using a more reproducible measure, by increasing the number of observations (sample size), or by decreasing the variability among the observations. The most common method 
is to increase the sample size, because we can rarely reduce the variability inherent in the subjects we study. Even a huge sample of perhaps 50,000 subjects still has some degree of uncertainty, but the 95% confidence interval will be quite 
small. Realizing that uncertainty can never completely be avoided, we use statistics to estimate precision. Thus, when data are described using the summary measures listed in Table 16-8 , a corresponding 95% confidence interval should 
accompany each point estimate.

Precision differs from accuracy. Precision relates to random error and measures repeatability. Accuracy relates to systematic error (bias) and measures nearness to the truth. A precise otologist may always perform a superb mastoidectomy, 
but an accurate otologist performs it on the right patient. A precise surgeon cuts on the exact center of the line, but an accurate surgeon first checks the line to be sure it is in the right place. Succinctly put, precision is doing things right and 



accuracy is doing the right thing. Precise data include a large enough sample of carefully measured observations to yield repeatable estimates. Accurate data are measured in an unbiased manner so that the reflect what is truly purported to be 
measured. When we interpret data, we must estimate both precision and accuracy.

Before moving on to Habit 4, let me briefly summarize Habits 1, 2, and 3. Habit 1, "Check quality before quantity," determines whether the data are worth interpreting. Assuming they are, we move to Habit 2, "Describe before you analyze," 
and summarize the data using appropriate measures of central tendency, dispersion, and outcome for the particular measurement scale(s) involved. Next, we "Accept the uncertainty of all data" as noted in Habit 3, and qualify the point 
estimates in Habit 2 with 95% confidence intervals to measure precision. When precision is low (e.g., the confidence interval is wide), we proceed with caution. Otherwise, we proceed to Habits 4, 5, and 6, which deal with errors and 
inference.

Habit 4: Measure Error with the Right Statistical Test

To err is human—and statistical. When comparing two or more groups of uncertain data, errors in inference are inevitable. If we conclude the groups are different, they may actually be equivalent. If we conclude they are the same, we may 
have missed a true difference. Data interpretation is an exercise in modesty, not pretense—any conclusion we reach may be wrong. The ignorant data analyst ignores the possibility of error; the savvy analyst estimates this possibility by using 
the right statistical test.[10] 

Now that we've stated the problem in English, let's restate it in thoroughly confusing statistical jargon ( Table 16-9 ). We begin with some testable hypothesis about the groups we are studying, such as "Gibberish levels in Group A differ 
from those in Group B." Rather than keep it simple, we now invert this to form a null hypothesis: "Gibberish levels in Group A are equal to those in Group B." Next we fire up our personal computer, enter the gibberish levels for the subjects 
in both groups, choose an appropriate
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statistical test, and wait for the omnipotent P value to emerge.

The P value tells us the probability making a type I error: rejecting a true null hypothesis In other words, if P = .10 we have a 10% chance of being wrong when we declare Group A differs from Group B, based on the observed data. 
Alternatively, there is a 10% probability that the difference in gibberish levels is explainable by random error—we can't be certain that uncertainty isn't the cause. In medicine, P < .05 is generally considered low enough to safely reject the 
null hypothesis. Conversely, when P > .05 we accept the null hypothesis of equivalent gibberish levels. Nonetheless, we may be making a type II error by accepting a false null hypothesis. Rather than state the probability of a type II error 
directly (which would make too much sense), we state it indirectly by specifying power ( Table 16-9 ). Clear as mud, right?

 
TABLE 16-9 -- GLOSSARY OF STATISTICAL TERMS ENCOUNTERED WHEN TESTING HYPOTHESES

Term Definition

Hypothesis A supposition, arrived at from observation or reflection, that leads to predictions that can be tested and refuted

Null hypothesis Results observed in a study, experiment, or test are no different from what might have occurred because of chance alone

Statistical test Procedure used to reject or accept a null hypothesis; statistical tests may be parametric, nonparametric (distribution-free), or exact

Type I (alpha) error Rejecting a true null hypothesis (false positive error); declaring that a difference exists when in fact it does not

P value Probability of making a type I error; P < .05 indicates a statistically significant result that is unlikely to be caused by chance

Type II (beta) error Accepting a false null hypothesis (false negative error); declaring that a difference does not exist when in fact it does

Power Probability that the null hypothesis will be rejected if it is indeed false; mathematically, power is 1.00 minus type II error
 
Now let's digress from principles to practice. We'll use two hypothetical studies for this purpose. The first is an observational, prospective study to determine whether tonsillectomy causes baldness: 20 patients undergoing tonsillectomy and 
20 controls are examined 40 years after tonsillectomy and the incidence of baldness is compared. The second study will use the same groups, but will determine whether tonsillectomy causes hearing loss. This will allow us to explore 
statistical error from the perspective of a dichotomous outcome (bald vs non-bald) and a numerical outcome (hearing level in decibels).

Suppose that baldness develops in 80% of tonsillectomy patients (16/20) but in only 50% of controls (10/20). If we infer that, based on these results in 40 specific patients, tonsillectomy predisposes to baldness in general, what is our 
probability of being wrong (type I error)? Because P = .10 (Fisher exact test) there is a 10% chance of type I error, so we are reluctant to associate tonsillectomy with baldness based on this single study. Intuitively, however, a rate difference 
of 30% seems like a big difference. So what is our chance of being wrong when we conclude it is not significant (type II error)? The probability of a type II error (false-negative result) is actually 48% (same as saying 52% power), which 
means we may indeed be wrong in accepting the null hypothesis. Therefore, we need a larger study before any definitive conclusions can be drawn.

Intrigued by our initial findings, we repeat the tonsillectomy study with twice as many patients in each group. Suppose that baldness again develops in 80% of tonsillectomy patients (32/40), but only 50% of controls (20/40). The rate 
difference is still 30%, but now P=.01 (Fisher exact test). We therefore conclude that tonsillectomy is associated with baldness, with only a 1% chance of making a type I error (false-positive result). By increasing the number of subjects 
studied, we increased precision to a level where we could move from observation to generalization with a tolerable level of uncertainty.

Returning to our earlier study of 20 tonsillectomy patients and 20 controls, we find that the hearing levels for the groups are 25 ± 9 decibels (dB) and 20 ± 9 dB, respectively (mean value ± SD). What is our chance of being wrong if we infer 
that post-tonsillectomy patients have hearing levels 5 dB lower than controls? Because P = .09 (t test), there is a 9% probability of a type I error. If, however, we conclude there is no true difference between the groups, we have a 58% chance 
of making a type II error. Thus, we can say little about the impact of tonsillectomy on hearing based on this study, because power is only 42%. In general, studies with "negative" findings should be interpreted by power not P values.
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When making inferences about numerical data, precision may be increased by studying more subjects, or subjects with less variability in their responses. For example, suppose that we again study 20 tonsillectomy patients and 20 controls, 
but this time the hearing levels are 25 ± 3 dB and 20 ± 3 dB. Although the difference remains 5 dB, the standard deviation is only 3 for this study, compared with 9 for the preceding study. For whatever reason, the second subjects had more 
consistent (less variable) responses. What effect does this reduced variability have on our ability to make inferences? We now obtain P < .001 (t test), indicating less than a 1:1000 probability of a type I error if we conclude that the hearing 
levels truly differ.

All statistical tests measure error. Choosing the right test for a particular situation is determined by (1) whether the observations come from independent or related samples; (2) whether the purpose is to compare groups or to associate an 
outcome with one or more predictor variables; and (3) the measurement scale of the variables (see Table 16-10 and Table 16-11 ).[14] Despite the myriad tests available, the principles underlying each remain constant.

Two events are independent if the occurrence of one is in no way predictable from the occurrence of the other. A common example of independent samples is two or more parallel (concurrent) groups in a clinical trial or observational study. 
Conversely, related samples include paired organ studies, subjects matched by age and sex, and repeated measures on the same subjects (e.g., before and after treatment). Measurement scales have been previously discussed, but the issue of 
frequency distribution deserves emphasis. The parametric tests discussed in Table 16-10 and Table 16-11 assume an underlying symmetric distribution for data. If the data are sparse, asymmetric, or plagued with outliers, then a 
"nonparametric" test must be used.

Using the wrong statistical test to estimate error invalidates results. For example, suppose we measure intelligence quotient (IQ) in 20 subjects before and after tonsillectomy, and find that the mean IQ increases from 125 to 128. This 3-point 
increase P = .29 (t test, independent samples), suggests a high probability (29%) of reaching a false-positive conclusion. However, the observations in this example are related—before and after IQ tests in the same subjects. What is really of 
interest is the mean change in IQ for each subject (related samples), not how the mean IQ of all subjects before surgery compares with the mean IQ of all subjects postoperatively (independent samples). When the proper statistical test is used 
(t test, paired samples), P = .05 suggests a true association. Related (matched) samples are common in biomedical studies and should never be analyzed as though they were independent.

Habit 5: Put Clinical Importance Before Statistical Significance

Results are statistically significant when the probability of a type I error is low enough (P < .05) to safely reject the null hypothesis. If the statistical test compared two groups, we conclude that the groups differ. If the statistical test compared 
three or more groups, we conclude that global differences exist among them. If the statistical test related predictor and outcome variables (regression analysis), we conclude that the predictor variables explain more variation in the outcome 
than would be expected by chance alone. These generalizations apply to all the statistical tests in Table 16-10 and Table 16-11 .

The next logical question after "Is there a difference?" (indicating statistical significance) is "How big a difference is there?" (indicating clinical importance). Unfortunately, most data interpretation stops with the P value, and the second 
question is never asked. For example, a clinical trial of nonsevere acute otitis media found amoxicillin superior to placebo as initial treatment (P = .009).[29] Before we agree with the author's recommendation for routine amoxicillin therapy, 
let's look more closely at the magnitude of clinical effect. Initial treatment success occurred in 96% of amoxicillin-treated children vs 92% of controls, yielding a 4% rate difference favoring drug therapy. Alternatively, we must treat 25 
subjects (100/4) with amoxicillin to increase the success rate by one subject over what would occur from placebo alone. Is this clinically important? Maybe, or maybe not.

Statistically significant results must be accompanied by a measure of effect size, which reflects the magnitude of difference between groups.[32] Otherwise, findings with minimal clinical importance may become statistically significant when a 
large number of subjects are studied. In the preceding example, the 4% difference in success rates was highly statistically significant because more than 1000 episodes of otitis media contributed to this finding. Large numbers provide high 
precision (repeatability), which in turn reduces the likelihood of error. The final result is a hypnotically tiny P value, which may reflect a clinical difference of trivial importance.

Common measures of effect size when comparing groups include the odds ratio, relative risk, and rate difference (see Table 16-8 ). For example, in the hypothetical study of tonsillectomy and baldness discussed earlier in this chapter the rate 
difference was 30% (P = .01), with a 95% confidence interval of 10% to 50%. Therefore, we are 95% confident that tonsillectomy increases the rate of baldness between 10% and
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TABLE 16-10 -- STATISTICAL TESTS FOR INDEPENDENT SAMPLES

Situation Parametric Test Nonparametric Test

Comparing two groups of data   

••Numerical scale t test Mann-Whitney U, * median test

••Numerical (censored) scale Mantel-Haenszel life table Wilcoxon, log-rank, Mantel-Cox

••Ordinal scale — Mann-Whitney U, Median test, chi-square test for trend

••Nominal scale — Chi-square, log-likelihood ratio

••Dichotomous scale — Chi-square, Fisher exact test, odds ratio, relative risk

Comparing three or more groups of data   

••Numerical scale One-way ANOVA † Kruskal-Wallis ANOVA

••Ordinal scale — Kruskal-Wallis ANOVA, chi-square test for trend

••Dichotomous or nominal scale — Chi-square, log-likelihood ratio

Associating an outcome with predictor variables   

••Numerical outcome, one predictor Pearson correlation Spearman rank correlation

••Numerical outcome, two or more predictor variables Multiple linear regression, two-way ANOVA —



••Numerical (censored) outcome Proportional hazards (Cox) regression —

••Dichotomous outcome Discriminant analysis Multiple logistic regression

••Nominal or ordinal outcome Discriminant analysis Log-linear model
*The Mann-Whitney U test is equivalent to the Wilcoxon rank-sum test. 
†ANOVA=analysis of variance. 

 
 
 
50%, with only a 1% chance of a type I error (false-positive). Alternatively, results could be expressed in terms of relative risk. For the tonsillectomy study, relative risk is 1.6 (the incidence of baldness was 1.6 times higher after surgery), 
with a 95% confidence interval of 1.1 to 2.3. Effect size and 95% confidence limits may be calculated manually[14] [29] [32] [52] or with a computer program.[5] 

 
TABLE 16-11 -- STATISTICAL TESTS FOR RELATED (MATCHED, PAIRED, OR REPEATED) SAMPLES

Situation Parametric Test Nonparametric Test

Comparing two groups of data   

••Dichotomous scale — McNemar test,

••Ordinal scale — Sign test, Wilcoxon signed rank test

••Numerical scale Paired t test Sign test, Wilcoxon signed rank test

Comparing three or more groups of data   

••Dichotomous scale — Cochran Q test, Mantel-Haenszel

  Chi-square

••Ordinal scale — Friedman ANOVA * 

••Numerical scale Repeated measures ANOVA Friedman ANOVA
*ANOVA=analysis of variance. 

 
 
 
Effect size is measured by the correlation coefficient (r) when an outcome variable is associated with one or more predictor variables in a regression analysis (see Table 16-10 ). Suppose that a study of thyroid surgery reports that shoe size 
had a statistically significant association with intraoperative blood loss (multiple linear regression, P = .04, r = .10). A correlation of only .10 implies little or no relationship (see
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my discussion of "Describe before you analyze" earlier in this chapter), and an R2 of .01 means that only 1% of the variance in survival is explainable by shoe size. Who cares whether the results are "significant" when the effect size is 
clinically irrelevant, not to mention nonsensical. Besides, when P = .04 we have a 4% chance of being wrong when we reject the null hypothesis, which may in fact be the case here. A nonsensical result should prompt a search for 
confounding factors that may not have been included in the regression, such as the tumor, node, metastasis (TNM) stage; comorbid conditions; duration of surgery; etc.

Confidence intervals (CI) are more appropriate measures of clinical importance than P values, because they reflect both magnitude and precision.[7] [23] When a study reports "significant" results, the lower limit of the 95% CI should be 
scrutinized. A value of minimal clinical importance suggests low precision (inadequate sample size). When a study reports "nonsignificant" results, the upper limit of the 95% CI should be scrutinized. A value indicating a potentially 
important clinical effect suggests low statistical power (false negative finding). Confidence intervals are essential for interpreting effect size, which is a critical concept in evidence-based medicine.[25] 

Habit 6: Seek the Sample Source

When we interpret medical data, we ultimately seek to make inferences about some target population based  

TABLE 16-12 -- GLOSSARY OF STATISTICAL TERMS RELATED TO SAMPLING AND VALIDITY

Term Definition

Target population Entire collection of items, subjects, patients, observations, etc., about which we want to make inferences; defined by the selection criteria (inclusion and exclusion criteria) for the study

Accessible population Subset of the target population that is accessible for study, generally because of geographic or temporal considerations

Study sample Subset of the accessible population that is chosen for study

Sampling method Process of choosing a sample from a larger population; the method may be random or nonrandom, representative or nonrepresentative

Selection bias Error caused by systematic differences between a study sample and target population; examples include studies on volunteers, and those conducted in clinics or tertiary care settings

Sample size determination Process of deciding, before a study begins, how many subjects should be studied; based on the incidence or prevalence of the condition under study, anticipated differences between groups, 
the power that is desired, and the allowable level of type I error



Internal study validity Degree to which conclusions drawn from a study are valid for the study sample; results from proper study design, unbiased measurements, and sound statistical analysis

External study validity (ability to be 
generalized)

Degree to which conclusions drawn from a study are valid for a target population (beyond the subjects in the study); results from representative sampling and appropriate selection criteria

 
on results in a smaller sample ( Table 16-12 ). Rarely is it possible to study every patient, medical record, DNA strand, or fruit fly with the condition of interest. Nor is it necessary—inferential statistics allow us to generalize from the few to 
the many, provided that the few we study are a random and representative sample of the many. However, random and representative samples rarely arise from divine providence. Therefore, you must always seek the sample source before 
generalizing your interpretation of the data beyond the confines of the study that produced it.

As an example of sampling, consider a new antibiotic that is touted as superior to an established standard for treating acute otitis media. When you review that data on which this statement is based, you learn that the study endpoint was 
bacteriologic efficacy—the ability to sterilize the middle ear after treatment. Further, the only patients included in the study were those whose initial tympanocentesis revealed an organism with in vitro sensitivity to the new antibiotic. 
Patients with no growth or resistant bacteria were excluded. Can you apply these results to your clinical practice? Most likely not, because you probably don't limit your practice to patients with sensitive bacteria. In other words, the sample 
of patients included in the study is not representative of the target population in your practice.

A statistical test is valid only when the study sample is random and representative. Unfortunately, these assumptions are frequently violated or overlooked.
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A random sample is necessary because most statistical tests are based on probability theory—playing the odds. The odds apply only if the deck is not stacked and the dice are not rigged (i.e., all members of the target population have an equal 
chance of being sampled for study). Investigators, however, typically have access to only a small subset of the target population because of geographic or temporal constraints. When they choose an even smaller subset of this accessible 
population to study, the method of choosing (sampling method) affects our ability to make inferences about the original target population.

Of the sampling methods listed in Table 16-13 , only a random sample is theoretically suitable for statistical analysis. Nonetheless, a consecutive or systematic sample offers a relatively good approximation, and provides data of sufficient 
quality for most statistical tests. The worst sampling method occurs when subjects are chosen based on convenience or subjective judgments about eligibility. Applying statistical tests to the resulting convenience (grab) sample is the 
equivalent of asking a professional card counter to help you win a blackjack game when the deck is stacked and cards are missing—all bets are off because probability theory will not apply. A brute force sample of the entire population is 
also unsatisfactory, because lost, missing, or incomplete units tend to differ systematically from those that are readily accessible.

To "seek the sample source" is to identify the sampling method and selection criteria (inclusion and exclusion criteria) that were applied to the target population to obtain the study sample. When the process appears sound, we conclude that 
the results can be generalized and are externally valid (see Table 16-12 ). If  

TABLE 16-13 -- METHODS FOR SAMPLING A POPULATION

Method How it is Performed Comments

Brute force sample Includes all units of study (charts, patients, laboratory animals, or journal articles) accessible to 
the researchers

Time-consuming and unsophisticated; bias-prone because missing units are seldom randomly 
distributed

Convenience (grab) sample Units are selected on the basis of accessibility, convenience, or subjective judgments about 
eligibility

Assume this method when none is specified; study results cannot be generalized because of 
selection bias

Consecutive sample Every unit is included over a specified time interval, or until a specified number is reached Excellent method when intake period is long enough to adequately represent seasonal and 
other temporal factors

Systematic sample Units are selected using some simple, systematic rule, such as first letter of last name, date of 
birth, or day of week

Less biased than a grab sample, but problems may still occur because of unequal selection 
probabilities

Random sample Units are assigned numbers then selected at random until a desired sample size is attained Best method; bias is minimized because all units have a known (and equal) probability of 
selection

 
the process appears flawed, we cannot interpret or extrapolate the results beyond the confines of the study sample. For example, a nasal spray that is effective for tree pollen allergy in patients referred to a tertiary rhinology center would offer 
uncertain benefit for patients with dust mite allergy treated by a family practitioner. Similarly, patients studied by otolaryngologists generally have more severe and chronic disease than the population at large or the population seen by 
primary care physicians. Volunteers and hospital-based patients are further examples of biased samples with little potential for generalization.

The impact of sampling on the ability to generalize is particularly important when interpreting a diagnostic test.[45] For instance, suppose an audiologist develops a new test for diagnosing middle ear effusion (MEE). After testing 1000 
children, she reports that 90% of children with a positive result did in fact have MEE. This is a positive predictive value of 90%. Yet when you screen random kindergarten children for MEE, the positive predictive value of the test is only 
50%. Why does this occur? Because the baseline prevalence of MEE is lower in the kindergarten class (10% have MEE) than in the referral-based audiology population in which the test was developed (50% have MEE). Whereas the 
sensitivity and specificity of the test are unchanged in both situations, the predictive value is related to baseline prevalence (Bayes, theorem). Therefore, the ultimate utility of the test depends on the sample to which it will be applied.

Habit 7: View Science as a Cumulative Process

A single study—no matter how elegant or seductive—is rarely definitive. Science is a cumulative process
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that requires a large body of consistent and reproducible evidence before conclusions can be formed.[33] When interpreting an exciting set of data, the cumulative basis of science is often overshadowed by the seemingly irrefutable evidence at 
hand. At least until a new study, by different investigators in a different environment, adds a new twist.

Habit 7 is the process of integration: reconciling our findings with the existing corpus of known similar research. It is the natural consequence—Habits 1 through 3 deal with description and Habits 4 through 6 deal with analysis. Thus, we 
can summarize data interpretation with three words: describe, analyze, and integrate. This is a sequential process in which each step lays the foundation for subsequent ones, just as occurs for the six habits that underlie them.

Research integration begins by asking "Do the results make sense?" Statistically significant findings that are biologically implausible, or that are inconsistent with other known studies, can often be explained by hidden biases or design flaws 
that were initially unsuspected (Habit 1). Improbable results can become statistically significant through biased data collection, natural history, placebo effects, unidentified  

TABLE 16-14 -- LEVELS OF RESEARCH EVIDENCE FOR CLINICAL RECOMMENDATIONS * 

Level Therapy or Prevention Diagnosis Prognosis

1 Randomized controlled trial; systematic review of randomized 
trials; "all or none" case series

Validating cohort study with good reference standard; CDR † tested at 
one clinical center; SpPins ‡ and SpNouts # 

CDR validated in a single population or in cohort study with >80% follow-up; 
"all or none" case series

2 Prospective controlled study: cohort study, outcomes research, 
ecological study

Exploratory cohort study with good reference standard; derivation of 
CDR; or CDR tested on split-sample or data base

Retrospective cohort study or follow-up of untreated controls; derivation or CDR; 
or CDR tested on split-sample; outcomes research

3 Retrospective controlled study: case-control study Nonconsecutive study, or without consistently applied reference 
standards

—

4 Case series and poor quality cohort and case-control studies Case-control study, or poor or nonindependent reference standard Case-series and poor quality prognostic cohort studies

5 Expert opinion without explicit critical appraisal; or based on 
physiology, bench research, or "first principles"

Expert opinion without explicit critical appraisal; or based on 
physiology, bench research, or "first principles"

Expert opinion without explicit critical appraisal; or based on physiology, bench 
research, or "first principles"

*Adapted from Phillips and others: Levels of evidence and grades of recommendation. Oxford Centre for Evidence-based Medicine, http://www.cebm.net/levels_of_evidence.asp (cited 3/25/03). 
†CDR = clinical decision rule (algorithm or scoring system that leads to a prognostic estimation). 
‡SpPn = specificity is so high that positive result rules-in the diagnosis. 
#SpNout = sensitivity is so high that a negative result rules-out the diagnosis. 

 
 
 
confounding variables, or improper statistical analysis. A study with design flaws or improper statistical analysis is said to have low internal validity (see Table 16-12 ) and should be reanalyzed or discarded.

At the next level of integration, we compare the study design that produced the current data with the design of other published studies. The level of evidence generally increases as we progress from uncontrolled observational studies (e.g., 
case reports, case series), to controlled observational studies (e.g., cross-sectional, retrospective, prospective) to controlled experiments (e.g., randomized trials). [25] Levels of research evidence are most often applied to studies of therapy or 
prevention ( Table 16-14 ), but can also be defined for diagnosis and prognosis.[38] Grades of recommendation ( Table 16-15 ) are assigned based on the quality and consistency of supporting research evidence. Note that "expert opinion" or 
consensus, a commonly used method in otolaryngology, qualifies only as a grade D recommendation.

Bentsianov and colleagues[3] assessed the levels of supporting evidence for therapeutic recommendations in leading otolaryngology journals. Of 1019 articles published in 1999, 72% were clinical research and
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TABLE 16-15 -- GRADES OF RECOMMENDATION BASED ON LEVEL OF SUPPORTING EVIDENCE * 

Grade Level of Supporting Evidence as Defined in Table 16-14 

A Consistent level 1 studies

B Consistent level 2 or 3 studies or extrapolations † from level 1 studies

C Level 4 studies or extrapolations from level 2 or 3 studies

D Level 5 evidence or troublingly inconsistent or inconclusive studies of any level
*Adapted from Phillips and others: Levels of evidence and grades of recommendation. Oxford Centre for Evidence-based Medicine, http://www.cebm.net/levels_of_evidence.asp (cited 3/25/03). 
†Extrapolations are where data is used in a situation that has potentially clinically important differences than the original study situation. 

 
 
 
36% made therapeutic recommendations. The level of evidence for positive studies was lower than for negative studies, with twice as many negative recommendations supported by randomized trials or controlled studies (analytic research). 
Similarly, the level of evidence for surgery was lower than for medical therapy, with 3 times as many medical recommendations supported by analytic research. The authors concluded that a dual evidence standard appears to exist for 
negative vs positive studies and for medical vs surgical recommendations in the otolaryngology literature.

Quantitative data integration ranges from simple tabular listings to sophisticated health services, including systematic reviews, practice guidelines, decision analyses, and economic analyses.[25] Systematic reviews or meta-analyses are an ideal 



way to synthesize results from a group of logically related randomized trials or, less commonly, observational studies.[41] The "bottom line" in a systematic review typically includes a summary measure of effect size (e.g., rate difference), a 
95% confidence interval, and a statistical test for heterogeneity among source articles. Graphical comparison of studies using forest and funnel plots helps assess publication trends, small-study bias, overall ability to be combined, and 
consistency of included studies.[51] Excellent statistical software is available for quantitative and graphical data synthesis.[6] 

At this point, I urge you to review the seven habits outlined in Table 16-1 . The same fundamental principles may be applied to interpreting your own data, interpreting someone else's data (e.g., a journal article), reviewing an unpublished 
manuscript for a journal, and reviewing a grant application for a funding agency. I have purposely avoided listing specific formulae and calculations throughout this presentation to keep you focused on the forest, not the trees. For the tree 
lovers among you, I recommend the basic book by Dawson-Saunders and Trapp.[14] 

Popular Statistical Tests Used by Otolaryngologists

Salient features of the most popular tests in otolaryngology journals [39] are listed below. Note that each test is simply an alternative way to measure error (Habit 4), not a self-contained method of data interpretation. Tests are chosen using the 
principles outlined in Table 16-10 , Table 16-11 , and Table 16-12 , then analyzed with readily available software (which can also help select the best test for a specific data set).[49] Explicit guidelines are available to help authors, editors, and 
reviewers identify the optimal format for reporting statistical results in medical publications.[30] 

The t Test

The t test is a classic parametric test for comparing the means of two independent or matched (related) samples of numerical data. It is also called the Student t test.

When interpreting a t test, a significant P value for independent samples implies a low probability that the mean values for the two groups are equal. When the samples are matched, a significant P value implies that the mean differences of 
the paired values are unlikely to be 0. Clinical importance is assessed by examining the magnitude of difference achieved and the associated 95% CI. Because valid results depend on relatively equal variances (standard deviation) within each 
group, a statistical test (i.e., the F test) is required to verify this assumption.

Be aware that t tests will produce an artificially low P value if the groups are small (fewer than 10 observations) or have an asymmetric distribution (one or more extreme outlying values). Instead, a nonparametric test (Mann-Whitney U or 
Wilcoxon rank sum test) should be used. If, however, each group contains more than 30 observations, the underlying distribution can deviate substantially from normal without invalidating results. Never use t tests to compare more than two 
groups. ANOVA is required for more than two groups.[24] When the outcome of interest is time related (e.g., cancer survival, duration of hospital stay, disease recurrence), survival analysis (discussed later in this chapter) is more appropriate 
than a t test.

ANOVA

The ANOVA tests whether the means of three or more independent groups of continuous data differ
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TABLE 16-16 -- STATISTICAL DECEPTIONS USED IN JOURNAL ARTICLES

Deception Problem Solution

• Standard error is used instead of standard deviation range is artificially low, making data look better than they are Always use standard deviation when summarizing data

• Small sample study results are taken at face value Results are imprecise and would likely vary if the study were repeated; 
uncertainty is ignored

Determine the range of results consistent with data by using a 95% confidence 
interval

• Post hoc P values are used for statistical inference Statistical tests are valid only when hypotheses are formulated before 
examining the data

Post hoc P values must be viewed as hypothesis-generating, not hypothesis-
testing

• Some results are "significant" but there are too many P values to count in a 
lifetime

"Significant" results may be false positives because each P value has a 5% 
error rate * 

Reduce the number of P values through multivariate analysis or analysis of 
variance

• Subgroups are compared until statistically significant results are found If you torture the data sufficiently, they will eventually confess to something Subgroup comparisons are valid only when all groups as a whole are 
significantly different

• No significant difference is found between groups in a small sample study A significant difference may have been missed because of inadequate sample 
size

Be sure the authors discuss power and sample size before believing study 
results

• Significant P values are crafted through improper use of hypothesis tests Small studies with asymmetrically distributed data require special methods of 
analysis

Don't believe results unless a nonparametric or exact statistical test was used

*Assuming that .05 is selected as the level of statistical significance. 

 
 
 
significantly with regard to a single factor (a one-way ANOVA) or two factors (a two-way ANOVA). The ANOVA also tests whether the effect of one factor on the response variable depends on the level of a second factor (whether there is 
an interaction).

In the interpretation of the ANOVA, a significant P value implies a low probability that the mean values for all groups are equal. From a statistical standpoint, we say that the variance between groups is larger than the variance within each 



group. Note that the ANOVA provides no information on whether individual pairs of groups differ significantly. It only tests for an overall global difference. For example, when comparing 4 groups of data (A, B, C, and D), the finding "P 
< .05, ANOVA" means there is less than a 5% chance that the statement "A ≠ B ≠ C ≠ D" is true; however, it says nothing about whether A ≠ B or C ≠ D or D ≠ A, etc. Once the investigators demonstrate a significant global difference (P 
< .05) using ANOVA, they can then use multiple comparison procedures (e.g., Bonferroni adjustment, Tukey test, Newman-Keuls test, Scheffé test, Dunnett test) for individual group comparisons.

Be aware that ANOVA will produce an artificially low P value if the groups contain small samples (fewer than five observations per group, or 20 in all groups combined) with asymmetric distributions. Instead, a nonparametric test (Kruskal-
Wallis ANOVA) should be used. A nonparametric test is also preferred if the groups have unequal variance as determined by an F test. Multiple pairwise t tests cannot substitute for ANOVA. The effect is to greatly increase the odds of a 
false-positive result (type I statistical error).

Contingency Table

A contingency table tests for an association between two categorical variables by using the chi-square statistic. A modification, called the McNemar test, can be used for two groups of paired data.

When interpreting the results of a contingency table, a significant P value implies a significant association between the two variables whose categorical values form the rows and columns of the contingency table. However, even a very small 
P value provides no information about the strength of the association (effect size). Therefore, effect size can be measured with the odds ratio (two-by-two table) or by the Pearson contingency coefficient (tables with more than two rows or 
columns). The chi-square statistic compares the observed values for each cell (row-column intersection) with the expected values that would occur if chance alone were operating.

As with the t test and ANOVA, a contingency table's small number of samples can produce an artificially small P value. If the expected frequency for any cell is less than 5, an alternate test must be used (e.g., the Fisher exact test or the log-
likelihood ratio). Beware of
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authors who overinterpret a "significant" chi-square result. As with ANOVA, when P < .05, we claim a global association between variables. We cannot specify which particular subgroups of rows and columns are or are not associated.

Survival Analysis

Survival analysis estimates the probability of an event (typically, but not necessarily, survival) based on the total period of observation and tests for associations with other variables of interest. Survival analysis permits maximum use of data 
from censored observations, which occur when a subject is lost to follow-up, or if the study ends before the outcome of interest has occurred.

Survival data can be interpreted in two major ways: (1) the life table method divides the time into intervals and calculates survival at each interval; (2) the Kaplan-Meier method calculates survival each time an event occurs. Both methods 
produce a graph (survival curve) showing the cumulative probability of the event vs total period of observation. Authors sometimes eliminate the curve, and instead give the event rates only for specific periods (e.g., 1-year, 3-year, 10-year, 
etc). When two or more survival curves are compared, and the P value is low, a probable association exists between time to event and the factor used to stratify the curves.

Remember that when you see a "survival cure," be sure that it has been calculated by using survival analysis (life table or Kaplan-Meier), not by simply dividing cumulative events at a given time by the total subjects still around at that time. 
The latter method mistreats censored observations, yielding artificially low estimates. Nor is it desirable to simply exclude from analysis all subjects not meeting some arbitrary cut-off for observation time, resulting rates may be artificially 
high. Whereas the life table method requires a minimum sample size of 20 uncensored observations, Kaplan-Meier analysis requires only 5 uncensored observations for valid results.

Multivariate (Regression) Procedures

Multivariate procedures examine the simultaneous effect of multiple predictor variables (generally three or more) on an outcome of interest. In contrast, t tests, one-way ANOVA, chi-square, and survival analysis examine the univariate 
effect of variables on an outcome one at a time. Different multivariate procedures are used depending on the measurement scale of the outcome variable (see Table 16-10 ).

Multivariate analysis produces a statistical model that predicts outcomes based on combinations of individual variables. The adequacy of the model as a whole is determined by the coefficient of determination (R2 ), which indicates how much 
variability in the response variable is accounted for by the predictors and its associated P value. Each predictor variable also has an associated coefficient, whose magnitude represents the relative effect of the variable on outcome when 
adjusted for all the other variables in the model. A positive coefficient implies a positive association. A negative coefficient implies a negative association. When the coefficient's P value is small, the association is significant. Predictor 
variables should also be tested for interaction.

Always keep in mind when interpreting statistics based on multivariate procedures that biased results may occur if the data set has outliers or if variables in the model are highly correlated with each other (r > .90). Although a model may 
precisely fit the investigator's data, there is no guarantee that it will predict outcomes for subjects outside the study with equal precision. As with any statistical test, garbage in—garbage out. No degree of multivariate analysis can adjust for 
confounding variables that were not recorded at the start of the study.

Nonparametric Tests

Nonparametric tests consider hypotheses without requiring that the data have a normal distribution. The nonparametric equivalents of the t test, paired t test, and one-way ANOVA are the Mann-Whitney U, Wilcoxon signed rank, and 
Kruskal-Wallis tests, respectively (see Table 16-10 and Table 16-11 ).

When an author uses a parametric test (e.g., t test or ANOVA), the data must be normally distributed or come from a large enough sample (about 30 or more subjects). Nonparametric tests avoid this requirement by ranking the data in each 
group and then comparing rank sums instead of the actual values of individual observations. Whereas the parametric tests discussed earlier in this chapter make inferences about means, nonparametric tests make inferences about medians. 
When there is doubt as to whether a nonparametric test is necessary, the P value should be calculated both ways—parametric and not parametric. If the results differ significantly, the nonparametric test is preferred.

Be aware that very sparse data sets are suitable neither for parametric nor nonparametric analysis. More sophisticated exact significance tests must be used. The Fisher exact test is a well-known exact procedure for two-by-two contingency 
tables. Exact tests for other situations require special computer software.[35] 



Common Statistical Deceptions

More than a century ago, Benjamin Disraeli noted, "There are three kinds of lies: lies, damn lies and statistics."[16] Although such consummate skepticism is
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rarely justified, statistics can undoubtedly be misused—either by intent or through ignorance or carelessness—to produce incorrect conclusions.[2] Because most physicians are either amateur statisticians or have no recollection of statistics 
beyond bad memories in medical school, misuse is common. Reviews of clinical research indicate that about 50% of published articles contain statistical flaws serious enough to question the validity of the conclusions.

How does statistical misuse slip by editors, peer reviewers, and journal readers? Because of the "dazzle" phenomenon observed by Darrell Huff, author of How to Lie with Statistics: "If you can't prove what you want to prove, demonstrate 
something else and pretend that they are the same thing. In the daze that follows the collision of statistics with the human mind, hardly anybody will notice the difference."[27] Be particularly wary of the dazzling phenomena ( Table 16-16 ) I 
present in the next sections.

Surgical Satisfaction Swindle

A surgeon claims a procedure is "highly effective" because 85% of patients were satisfied with results, 85% would have the surgery again, and 85% would recommend the procedure to family or friends. Unfortunately, virtually any survey 
achieves 80% or higher respondent satisfaction for a given question and only a few patients actually express negative views.[20] Satisfaction surveys are particularly prone to positive-response bias because they often relate more to the 
interpersonal skills of the surgeon and the setting in which treatment was administered than to the actual outcomes achieved. Moreover, without a comparison or control group, we cannot distinguish therapeutic effects from natural history or 
a placebo response.[8] 

Survey results are credible only if the investigators use a previously validated instrument or perform their own validation process.[21] [50] This process includes assessing: (1) test-retest reliability to ensure response stability and consistent item 
(question) interpretation; (2) internal consistency to determine whether allegedly similar items tap similar content domains; (3) construct validity to verify that items actually measure what they purport to measure; (4) discriminant validity to 
show that respondents with different levels of satisfaction or disease have measurably different survey scores; and (5) responsiveness to demonstrate that the change in survey scores before and after intervention is able to detect clinically 
meaningful levels of change within an individual.

Standard Error "Switcheroo"

When you see results reported as "mean value ± X," don't assume that X is the SD unless specifically stated. Sometimes X is actually the standard error (SE), a number that is always smaller than SD. Actually, SD and SE are very different. 
So understanding why many authors report the latter is difficult, unless they are enamored by the smaller value. When describing a set of data, SD is always preferred, because it measures how variable individual observations are within a 
sample.[12] If the data have a symmetric distribution, the mean ±2 SD describes about 95% of observations. In contrast, the SE is an inferential, not a descriptive, statistic. It measures how variable the mean is from one sample to another.

Consider a study of 25 patients undergoing rhinoplasty that reports a mean blood loss of 150 ± 30 ml where 30 is the SD. We now know that 95% of subjects had a blood loss of 150 ± 60 ml (assuming the data are normally distributed). To 
obtain the SE, we divide the SD by the square root of the sample size. In this example, the square root is 5, giving an SE 5 times smaller than the SD: 6 vs 30. The mean blood loss now is written as 150 ± 6 cc, where 6 is the SE. Obviously 
this "looks" better than the SD, but what exactly does it mean? It means "based on our results, if we extrapolate to the general population of rhinoplasty patients, we estimate with 95% confidence that the mean blood loss will be 150 ± 12 
cc." This statement no longer describes the study data, but makes an inference about some hypothetical population. Unless the authors clearly state that this is their intent, the SD should have been used.

Small Sample Whitewash

Because medical research is costly and time-consuming, we rarely have the luxury of studying large samples. Fortunately, we can derive meaningful conclusions from small samples by estimating uncertainty (precision) with a 95% 
confidence interval. Remember—statistics is the art and science of dealing with uncertain data. The smaller the sample, the greater the uncertainty. Beware when authors claim their sample is "too small for statistical analysis." That's when 
they need it most.

For example, while perusing the bogus Journal of Low Budget Research, an article on an innovative new surgical procedure captures your attention. The authors operate successfully on 4/4 elephants (100% success rate) and conclude that 
"testing in humans is indicated based on these superb results." Do you agree? Actually, the range of results (an exact 95% binomial CI) consistent with this single experiment on four elephants is 47% to 100%! Knowing that the "true" 
success rate may be as low as 47%, you may now disagree with the need for human testing. Conversely, if the investigators succeeded in 40/40 elephants, the 95% CI would be 93% to 100%—a much
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greater level of confidence, secondary to the 10-fold increase in sample size.

Here's another way to appreciate the value of confidence limits on small samples. Imagine you are about to cross a very flimsy and tenuous-appearing bridge. Your reassuring guide states you have nothing to worry about because the first 4 
travelers crossed it successfully. The statistical basis for your persistent trepidation stems from the fact that 4/4 successes is consistent with up to a 53% failure rate (as noted in the preceding paragraph). Not a very reassuring statistic to stake 
your life on!

Post Hoc P Values

A fundamental assumption underlying all statistical tests is that the hypothesis under study was fully developed before the data were examined in any way. When hypotheses are formulated post hoc—after even the briefest glance at the data
—the basis for probability statements is invalidated. Unfortunately, we have no way of knowing at which stage in the research process a hypothesis was developed. Therefore, unless the investigators state specifically that the test was planned 
a priori, you should infer with caution.

As physician-friendly computer programs for statistical analysis continue to proliferate, more physicians are likely to analyze their own data. Unless the probability framework underlying hypothesis tests is understood and appreciated 



(Habits 3 and 4), the risk of post hoc P values will increase dramatically as they become easier to produce. When the primary research purpose is to test an a priori hypothesis, the P value will aid in statistical inference. When hypotheses are 
generated after the study, however, P values cannot be used to make inferences. Instead, they become a means of identifying promising associations that might form the new a priori hypotheses in a follow-up investigation.

Multiple P Value Phenomenon

P values have a momentum of their own. Once you start churning them out, it's hard to stop (especially if you have a nifty computer program that churns them out for you). When you see that a journal article or data table is chock-full of P 
values, realize that some "significant" P values (P < .05) are likely to occur by chance alone.[10] Consider, for example, a researcher who performs 20 individual hypothesis tests on a group of observations (e.g., calculates 20 P values). If we 
assume that the subjects studied do not differ beyond random variation, there is only a 36% chance that none of the P values will be significant! Further, the chance of getting 1, 2, or 3, significant P values is 38%, 19%, and 6%, respectively.

What accounts for the multiple P value phenomenon? The problem arises because each test is based on a cut-off of P < .05 as a measure of significance. The effect of performing multiple tests is to inflate this 5% error level for the study as a 
whole. The probability of getting at least one spurious result is 1-(1-α)n , where α is the level of significance for each individual test (generally .05) and n is number of tests performed.

Multiple P values can arise when pairwise comparisons are made between several groups of data or when numerous hypothesis tests are applied to a single data set. When several groups are compared, ANOVA overcomes the multiple P 
value problem created by repeated t tests. Further, special multiple comparison tests are available with ANOVA that can search for subgroup differences, provided a global difference exists between groups. When a single data set is being 
studied, multivariate analysis, as I discussed earlier in this chapter, will eliminate the multiple P value problem induced by repeated univariate tests (e.g., t test, chi-square).

Selective Analysis of Results

Check for this in every study that compares three or more groups of subjects, including animal research. Authors may pluck out a few groups for pairwise comparisons and then pontificate on the "statistically significant" findings they 
discover. Unfortunately, this violates a basic tenet of statistics—you cannot compare subgroups of your data unless you first check for statistically significant differences between all groups considered simultaneously. For categorical data, a 
chi-square is first calculated for the entire contingency table. If P < .05, the authors can then extract subsets of the table for selective analysis, provided they adjust for multiple comparisons. For continuous data, ANOVA should be used (not 
multiple pairwise t tests) as described previously.

Powerless Equalities

Some authors would like to convince you that a new treatment or diagnostic test is equivalent to an established standard. In particular, support for the use of a new antibiotic or antihistamine often arises from a randomized trial claiming "no 
significant difference (P > .05)" from another drug. When interpreting these results, look not at the P value but at the statistical power. The size of the P value is pertinent only when a statistically significant result is given. Power tells you the 
probability that the investigators would have detected a true difference, given that one really existed. With small samples, power is usually inadequate (<80%) to state confidently that the investigators didn't miss a real difference. Because 
very few
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articles calculate power, you may need to calculate it yourself (Habit 4).

Understanding Sample Size

As noted throughout this chapter, the number of observations in a data set (i.e., sample size) must be taken into account when interpreting results. Small samples may produce low precision, inadequate statistical power, and asymmetric 
distributions requiring nonparametric or exact techniques for proper analysis. Large samples offer high precision, but can waste resources and make results of trivial clinical importance appear statistically significant. Recognizing these 
problems, the American Academy of Otolaryngology—Head and Neck Surgery Foundation has made a sample size calculation a mandatory component of all grant applications for research funding. In this section, I summarize the essential 
concepts of sample size calculations in a nontechnical format.

A sample size calculation before beginning a study ensures that the planned number of observations will offer a reasonable chance of obtaining a clear answer at the end.[22] This is of paramount importance in animal studies, where sample size 
is limited by financial constraints, concerns about animal welfare, and limited laboratory space.[34] For example, a groundbreaking experiment involving 10 giraffes is of little value when a sample size of 20 is needed for adequate power or 
precision. Similarly, why experiment on 200 chinchillas when only 100 are adequate to test an hypothesis? Such considerations are by no means limited to basic science studies. Why devote endless hours to abstracting data from 500 patient 
charts when only 150 observations may be needed?

The basic ingredients needed in a statistical recipe of sample size vary slightly according to the measurement scale (see Table 16-7 ). Ingredients common to all scales include estimates of: (1) the smallest difference you want to be able to 
detect between the groups; (2) how confident you must be that any difference you detect is not simply due to chance (typically 95%–99%); and (3) how confident you must be that you can detect a difference as small as what was specified 
earlier (typically 80%–90%), assuming that such a difference truly exists. In addition, sample size calculations for numerical data require some estimate of the variability (variance) among observations.

Determining the minimally important difference you wish to detect is based solely on clinical judgment. When comparing categorical data, the difference of interest is between proportions or rate difference (see Table 16-8 ). For example, 
you may wish to know whether success rates for two drugs differ by at least 20% for otitis media; however, a difference of perhaps 5% may be important when treating cancer. In contrast, differences in numerical data are expressed as a 
difference in means. For example, you may wish to know whether a potentially ototoxic drug decreases mean hearing by at least 5 dB, or whether a new surgical technique decreases blood loss by at least 200 ml.

Outcomes measured on a numerical scale require an estimate of variance to calculate sample size. Because variance is defined as the square of the SD, we need a method to estimate SD to derive variance. If pilot data are available, some 
estimate of SD may already exist. Alternatively, you can "guess" the SD by realizing that the mean value ± 2 SD typically encompasses 95% of the observations. In other words, the SD of a set of measurements can be approximated as one-
fourth of the range of that set of measurements. Suppose you are interested in detecting a 200-ml difference in blood loss between two procedures. Based on your clinical experience, expect that about 95% of the time you will see a difference 
ranging from 100 to 500 ml. Subtracting 100 from 500 and dividing by 4 gives 100 as an estimate of SD. Squaring the SD yields 10,000, which estimates the variance.

The remaining elements of a sample-size calculation reflect basic principles of statistical error (see Habit 4). Recognizing that errors are unavoidable (see Table 16-9 ), we specify in advance our levels of tolerance and then calculate a sample 
size that will accomplish this goal. Tolerating a 5% probability of type I error (false positive) is the same as being 95% certain that any difference you detect is not simply due to chance. Tolerating a 20% probability of a type II error (false 



negative) is the same as being 80% certain that you do not miss a true difference of the magnitude already specified (80% statistical power).

The size of the sample needed in a given study will increase when the difference of interest is small, the variance of the observations is high (applies to numerical data only, not proportions), and the tolerance for error is low. More subjects 
are also required to determine whether any difference at all exists between groups (two-tailed statistical test) than whether one group fares either better or worse than another (one-tailed statistical test). A two-tailed test is considered more 
conservative and should always be used unless it was determined a priori—before examining the data—that a one-tailed test was appropriate. A one-tailed test requires about half the sample size as a two-tailed test to show significance, and 
produces P values about half as small when applied to the data.

Sample size calculations may be performed manually,[11] [22] with nomograms,[34] [48] or with a computer program.[5] A computer program is optimal, because of the flexibility in seeing how different assumptions alter results. Specific formulae are 
required based on
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whether the samples are independent or related, the number of groups involved, and the measurement scale of the data. Note the similarity to selecting a statistical test (see Table 16-10 and Table 16-11 ). When the research purpose is to 
demonstrate that groups are equivalent (e.g., to prove the null hypothesis), sample size requirements increase and special formulae apply.[4] Special formulae also apply to regression analysis, although a rough guide is that 10 subjects with the 
outcome of interest are required for each predictor variable included in the model.

PUTTING PRINCIPLES INTO PRACTICE

My goal throughout this chapter has been to convince you that effective interpretation of medical data involves much more than statistics or numerical formulae. Rather, it is a systematic process of moving from observations to 
generalizations with predictable degrees of certainty (and uncertainty) Every physician is involved in this process to some extent, whether a solo practitioner in a rural community or a full-time academician in a large university. Moving from 
observations to generalizations is the foundation for all scientific progress, a foundation that could not exist without a systematic process for interpreting data.

The seven habits listed in Table 16-1 provide a systematic framework for interpreting data, of which statistical tests are only a small part. Although Habit 4—measure error with the right statistical test—generates P values, P values are only 
part of the process, representing neither the beginning nor the end. We begin by verifying that the data are of sufficient quality and precision to merit statistical analysis (Habits 1–3). We end by seeking clinically significant findings that can 
be generalized beyond the study and are consistent with prior knowledge and experience (Habits 5–7). Obsession with P values, which has been called the "religion of statistics," may produce medical publications, but rarely achieves 
effective data interpretation.[47] 

Every clinician need not be a statistician, but all should understand the fundamental principles of data analysis and interpretation. When understood and applied, the habits in Table 16-1 will permit intelligent, synergistic dialogue between 
clinicians and statisticians. Such dialogue ideally precedes any serious research endeavor because even the most elegant statistics cannot adjust for biased data or confounders that were never measured. [19] The statistician excels at analyzing 
data the right way, but the clinician's leadership ensures that the right data are analyzed. Further, clinical importance (Habit 5) is best determined by clinicians, not statisticians.

Hopeful that I have lit the fires of inferential desire, I will end by summarizing some good sources of firewood. A Dictionary of Epidemiology by Last[31] is an indispensable companion to reading the medical literature and understanding 
statistical terms. Dawson and Trapp[14] provide a delightfully palatable overview of research methodology and biostatistics in Basic & Clinical Biostatistics. Making Sense of Data by Abramson[1] is a useful self-instruction manual on 
association, causation, odds ratios, and other rates and measures. The essentials of research design and interpretation are discussed admirably by Troidl and others[53] in Surgical Research and by Hulley and others[28] in Designing Clinical 
Research. Finally, those ready to enter the brave new world of evidence-based medicine will find a warm welcome in the Users' Guides to the Medical Literature by Guyatt and Rennie.[25] 
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Chapter 17 - PAIN MANAGEMENT IN THE HEAD AND NECK PATIENT

Peter S. Staats 
Nilesh Patel 

INTRODUCTION

Pain is the leading cause of health care visits and disability in the United States, costing the American people more than cancer and heart disease combined. Pain can adversely affect quality of life, and wound healing and can take on a life of 
its own after the pain-generating cause has been resolved. It is important, therefore, to have a rationale framework for approaching the treatment of pain.

What Is Pain?

The International Association for the Study of Pain defines pain as "an unpleasant sensory and emotional experience associated with either actual or potential tissue damage."

Acute pain is a normal and generally self-limited response to injury, including tissue degeneration, which can be considered an aging injury. Pain is defined as "chronic" when it has persisted for at least 3 months. Because of its emotional 
component, pain is often associated with psychological comorbidities, including depression. Chronic pain serves no useful function and leads to great disability. It is important to search for the underlying biologic aspects of pain and treat 
them whenever possible.

Types of pain

Somatic pain involves activation of peripheral receptors and somatic sensory efferent nerves without damage to the peripheral nerves.

Visceral pain, a poorly localized type of somatic pain, results from activation of visceral nociceptors and efferent nerves and is frequently described as deep, aching, and cramping. Although visceral pain may seem less relevant than somatic 
pain when assessing head and neck pain, it is important to remember that patients can experience a referred pain to the jaw or shoulder from angina or other visceral pain sources.

Myofascial pain affects skeletal muscles and can be referred or local. The presence of a trigger point in a taut band of muscle—an area where local stimulation causes referred pain—is indicative of myofascial pain, as are restricted range of 
motion and a local twitch response to stimulation. Trigger points develop in taut bands of muscle.

Neuropathic pain results from direct injury to the central or peripheral nervous system and is characterized by a burning sensation. It is found in postherpetic neuralgia, chronic regional pain syndrome, reflex sympathetic dystrophy, nerve 
injury, diabetic neuropathy, and chemical neuropathy. Neuropathic pain is further divided into the categories of sympathetically maintained pain and sympathetically independent pain. The diagnosis can be difficult to distinguish and depends 
on the response of pharmacologic blockade of the sympathetic nervous system. If a patient has profound relief of pain after a sympathetic blockade, the pain syndrome is said to be sympathetically mediated. If there is no relief with an 



appropriately performed sympathetic block of the affected area, the pain is said to be sympathetically independent.

Measurement of Pain

Unfortunately, we do not have a tool that objectively determines whether a patient has significant pain. Instead, we must rely on a number of pain scales that patients can use to describe their pain. We cannot use an x-ray or a laboratory test 
to determine whether someone hurts. Pain is what the patient says it is, and it is defined by the patient.[57] Asking our patients how much they hurt serves several functions. First, it defines the severity of the pain in that patient. Second, it 
allows us to track the success of therapy.

Numeric pain scales range from 0 to 10. Patients are asked to rate the pain, using 0 to indicate no pain and 10 for the worst pain they can imagine ( Figure 17-1 ). Visual analog pain scales accomplish the same
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Figure 17-1 Brief pain inventory. From the Pain Research Group, Department of Neurology, University of Wisconsin—Madison. 

 

Figure 17-2 Visual analog scale. From the Agency for Healthcare Research and Quality: Acute pain management: operative or medical procedure and trauma, Clinical Practice Guideline No. 1. AHCPR Publication, No. 92-0032; 
Rockville, MD, 116–117, 1992. 

 

TABLE 17-1 -- MEDICATIONS USED IN PAIN

Class Route Usual Indication Concerns Comments

Nonsteroidal agents • Oral • Inflammatory pain • Gastrointestinal bleeding COX-2 inhibitors appear to have a lower adverse-effect profile

 • Intravenous    

   • Platelet dysfunction  

   • Renal dysfunction  

Antiepileptics (neuronal 
stabilizing agents)

• Oral • Neuropathic pain • Tegretol is associated with aplastic anemia  

TCAs • Oral • Neuropathic pain • Causes sedation due to anticholinergic effects Use cautiously in patients with glaucoma, conduction 
abnormalities, or prostatic hypertrophy

  • Depression   

Local anesthetics • Oral • Neuropathic pain   

 • Local injection • Myofascial pain   

Botulinum toxins • Injection • Muscle spasm   

  • Headache   

Opioids • Oral • All types • Addiction  

 • Intravenous  • Diversion  

 • Intramuscular    

 • Intrathecal    

 • Intraventricular    

 
treatment begins with conservative therapies (e.g., medical management and physical management) and proceeds if these therapies fail or are associated with intolerable adverse effects to neural blockade (visceral, sympathetic, sensory, 
spinal), the use of implantable technologies (implanted pumps or spinal cord stimulators), and neurodestructive techniques. Because pain has an emotional component, pain treatment may also involve psychological interventions.

Medical Therapies

Nonsteroidal agents.



Nonsteroidal antiinflammatory drugs (NSAIDs) are used to treat mild pain associated with inflammation ( Table 17-1 ). When added to an opioid regimen, they often permit reduction in the opioid dose. NSAIDs alter the inflammatory 
process by blocking expression of the cyclooxygenase (COX) enzymes that mediate production of the prostaglandins, especially PGE2, that sensitize pain afferents.
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Some NSAIDs (e.g., aspirin) indiscriminately block two cyclooxygenase enzymes, COX 1, which has a protective gastrointestinal role, and COX 2, which is implicated in inflammation. This distinction is not as clear-cut as was first thought, 
but the new "coxibs" designed to selectively block COX 2 have improved the safety profile of this class of medication.

Anticonvulsant (antiepileptic, membrane-stabilizing, or neuromodulating) agents.

The "classic" antiepileptic, carbamazepine, has been widely used in the treatment of neuropathic pain associated with shooting or lancinating  

TABLE 17-2 -- ANTICONVULSANT AGENTS

 GABA
Glutamate & Excitatory 
Amino Acids (EAA) Channels Ectopic Impulses Miscellaneous

•I. Gabapentin Augments transmission Inhibits release Blocks Na+ and Ca++  Stimulates 5HT release

 Increases rate of synthesis    Inhibits branch chain AA transferase

••••Topiramate Enhances at GABA-a receptor Antagonizes AMPA & kainate 
receptors

Blocks Na+ Suppresses Carbonic anhydrase inhibition

••••Lamotrigine Decreases Decreases release of glutamate 
and aspartate

Blocks voltage dependent Ca+ Suppresses Suppresses acetylcholine

••••Carbamazepine  Decreases transmission Slows recovery of voltage activated 
Na+

Reduces TCA effects

     Antagonizes adenosine receptors

   Modulates L-type Ca++   

II. Phenytoin Enhances activity  Inhibition of XXX Na+ and Ca+  May inhibit somatostatin release

••••Zonisamide  Blocks Na+ & T-type Ca++   Facilitates dopaminergic & 
serotonergic neurotransmissi on

••••Valproate Decreases degradation, increases 
synthesis

Reduces cerebral EAAs   Structurally unrelated to any other 
anticonvulsant

••••Clonazepam Increases potentiation of transmission    Structurally related to benzodiazepines

     May have antianxiety & 
antispasmodic effects

 
pain and is the initial choice for many patients with trigeminal neuralgia ( Table 17-2 ). Anticonvulsant drugs, especially gabapentin, have recently become a mainstay in the treatment of all types of neuropathic pain. The agents that fall in 
this class have multiple mechanisms of action and should be tried consecutively.

Tricyclic antidepressants.

Tricyclic antidepressants (TCAs) also have multiple mechanisms of action and are used to treat neuropathic pain. In general, tricyclics work by decreasing the emotional depression that amplifies pain. They also decrease the reuptake
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of the inhibitory neurotransmitters, norepinephrine and serotonin.

Because they have anticholinergic effects, tricyclic antidepressants must be used with caution in the elderly or in patients with comorbid disease. Care should be exercised in determining dosages for patients with cardiac conduction 
abnormalities, narrow-angle glaucoma, or prostatic hypertrophy.

Local anesthetics.

Local anesthetics such as lidocaine have central effects but also decrease the spontaneous activity of peripheral pain generators. When applied topically or with injection, they block the transmission of ectopic impulses associated with pain. 
Local anesthetic injections are also used systemically to treat neuropathic pain and must be used cautiously in patients with comorbid cardiac disease.

Opioids.

Patients with pain rarely become addicted to appropriately prescribed opioids, and these drugs have demonstrated efficacy in nociceptive and neuropathic pain. When possible, opioids should be administered on a time-contingent instead of a 



pain-contingent basis. A regimen of opioids given with nonsteroidal agents remains the mainstay of acute pain management.

Physicians and patients alike are concerned about addiction. This term is frequently confused with both physical dependence and tolerance. Addiction is an abnormal behavior pattern of drug abuse. It involves taking medications for reasons 
other than pain relief. Physical dependence is a normal physiologic response to chronic medical therapy and causes patients who stop receiving the drug to experience withdrawal. Tolerance necessitates taking an increasing dose to achieve 
the same effect.

Physical medicine and rehabilitation.

Stretching techniques, including traction, massage, strengthening exercises, posture adjustment, and application of heat and cold may help correct underlying pain-generating conditions.

Neuromodulating Therapies

Neural blockade.

Nerve blocks are useful for diagnosis and therapy. A diagnostic nerve block involves injecting a local anesthetic around a nerve proximal to a presumed pain-generating lesion to see whether this relieves pain. Many variables must be taken 
into account when interpreting the results of nerve blocks. False positives, when the pain generator is not distal to the site anesthetized, can be due to placebo response, can be the effect of systemically administered analgesics, or can be the 
inadvertent spread of the injected local anesthetic agents.[68] False negatives occur when the site is inadequately anesthetized or when there are multiple pain generators. Other nonspecific effects may result from improper needle placement or 
an unaccounted for effect of saline during a placebo test. It is, thus, inappropriate to decide that a patient's pain is psychogenic just because he or she responded to a placebo injection.

To reduce the subjective nature of the interpretation of nerve blocks, some clinicians inject a series of active agents and compare the results. This is known as the "comparative blocks" strategy. Investigation of the sensitivity and specificity 
of this regimen (lignocaine, bupivacaine, and saline randomly administered in masked fashion on separate occasions) compared with placebo-controlled blocks for cervical zygapophyseal joint pain (from whiplash injury) found that the 
comparative blocks have a specificity of 88% (causing few false-positive diagnoses) but their sensitivity is only 54%, which leads to many false-negative diagnoses.[47] 

When neural blockade is used for therapy, clinicians inject local anesthetics plus steroids around the target nerves. One of the most common nerve blocks involves injecting a steroid into the epidural space. Cervical epidural blocks have been 
used for more than 20 years to treat chronic, benign head and neck pain. [14] Such injections are often used to treat disk herniation with nerve root injury and, when specifically directed to the transforaminal space, are thought to decrease 
inflammation around nerves.

Specific Nerve Blocks[60] 

Trigeminal (gasserian) ganglion block: The trigeminal nerve, located in Meckel's cave, is the largest cranial nerve and provides sensation to the oral mucosa, cranial fossa, tooth pulp, gingiva, and periodontal membrane. The trigeminal 
ganglion block is generally reserved for cases of pain arising from a surgical procedure or when more conservative treatment fails to mitigate the pain of trigeminal neuralgia, cluster headaches, cancer pain, or pain associated with multiple 
sclerosis. The three percutaneous lesioning techniques, each with advantages and disadvantages, involve injection of a neurolytic solution under fluoroscopic guidance, use of an electrode for radiofrequency lesioning, or balloon 
compression. These blocks are associated with serious complications and must be accomplished with extreme care and attention to proper technique.

Maxillary division nerve block: The purelysensory maxillary nerve is the second division of the trigeminal nerve. Maxillary nerve blocks provide regional anesthesia for the upper jaw and are used to prevent intraoperative and postoperative 
pain and to treat chronic pain arising from maxillary tumors. Blockade is achieved by injection of a neurolytic solution or applying radiofrequency to induce a lesioning. Possible complications include temporary blindness, intravascular 
injection, and hematoma formation.
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Mandibular division nerve block: The mandibular nerve, which has a sensory and motor function, is the third division of the trigeminal ganglion. Blocking of this nerve is useful in treating pain arising from treatment of a fractured mandible 
and from cancer of the tongue, lower jaw, or mouth floor. Using the same block technique as for the maxillary nerve results in a high degree of success with few complications.

Glossopharyngeal nerve block: This mixed motorsensory nerve affects the stylopharyngeus muscle, the posterior third of the tongue, the palatine tonsil, and mucous membranes. A branch of this nerve transmits information that helps control 
blood pressure, pulse, and respiration. The proximity of the carotid artery dictates extreme care during this block to avoid profound toxicity from a misplaced injection. Indications for this block include surgery, diagnosis, conscious 
intubation, cancer pain, and glossopharyngeal neuralgia. These nerve blocks can be performed daily, if necessary, with reduced doses of methylprednisolone. A glossopharyngeal nerve block often severely compromises swallowing and may 
cause a hematoma and inadvertent dysphonia from paralysis of the ipsilateral vocal cord. Some patients develop postprocedural pain (anesthesia dolorosa) that can exceed the original pain.

Sphenopalatine ganglion block: The sphenopalatine ganglion comprises the largest neural center outside the cranial cavity and has a mixed sensory, motor, and autonomic function. Indications for this block include facial pain, cluster 
headaches, and migraine. After proper needle positioning, injection of a local anesthetic agent achieves a diagnostic block, and radiofrequency lesioning produces neurolysis. In some patients, stimulation-induced bradycardia may require 
administration of atropine to complete the procedure. Lesioning can cause transient numbness in the palate, maxilla, or posterior pharynx.

Stellate ganglion block: The stellate ganglion block is used for sympathetic denervation of the head and neck. The stellate ganglion is formed by the fusion of the inferior cervical ganglion to the first thoracic ganglion and generally extends 
from in front of the neck of the first rib to the space between C7 and T1. The stellate ganglion is blocked to manage pain from Raynaud's disease, arterial embolism (arm), intraarterial injection of drugs, Ménière's disease (controversial), 
postherpetic neuralgia in the area managed by the ganglion, complex regional pain syndrome, Sudeck's disease, and facial reflex sympathetic dystrophy. The block also provides useful diagnostic information for the management of upper 
extremity vascular surgery patients. Simultaneous bilateral blocks are only used as emergency treatment for a pulmonary embolism. The stellate ganglion block can be achieved with a paratracheal or anterior approach using a chemical agent 
or radiofrequency for neurolysis. The main complications associated with this block are pneumothorax and inadvertent intraspinal or intravascular injection. Neurolysis can also lead to Horner's syndrome. Chemical blockade can lead to 
hoarseness, shortness of breath, or a sensation of an obstacle in the throat.

Botulinum toxin injections.

Intramuscular injection of the tiny doses of the neurotoxin botulinum toxin A is a successful short-term therapy for neurologic disorders that cause uncontrollable muscle spasm and contraction. The neurotoxin works by blocking the 



presynaptic release of acetylcholine. Botulinum toxin was first used therapeutically to treat strabismus and is now used to treat torticollis spasmodicus, oromandibular dystonia, blepharospasm, spasmodic dysphonia, hemifacial spasm, and 
infantile cerebral palsy. The efficacy of botulinum injections extends from approximately 6 weeks to several months, until neurons regenerate. Botulinum, thus, must be used long-term for chronic conditions, yet, its long-term effects are 
unknown.

Neurodestructive techniques.

Specific techniques used to destroy nerves in the head and neck include chemical, thermal, and compression methods. Chemical neurodestruction can be accomplished with phenol or alcohol. Thermal destruction is achieved with either cold 
or heat. Radiofrequency lesioning to achieve facet rhizolysis is often used to treat patients whose pain is exacerbated with extension and whose imaging studies reveal facet arthropathy. Neurodestructive procedures in the spine are generally 
delayed until more conservative measures have failed.

Electroneuronal stimulation.

In 1967, Shealy and colleagues[64] responded to the introduction of Melzack and Wall's gate control theory of pain[54] and the availability of cardiac pacemaker technology by introducing spinal cord stimulation (SCS) for the management of 
chronic intractable pain. Since then, the use of electrical stimulation to mask pain has been applied to ever-increasing applications with more sophisticated techniques, including the use of multi-channel systems with electrodes that can be 
placed percutaneously. Stimulating peripheral nerves by placing a subcutaneous electrode transversely across the base of the occipital nerve trunk at C1, for example, has been used to treat intractable occipital neuralgia with good-to-
excellent results. [73] Subcutaneous implantation of electrodes has been used to stimulate greater and lesser occipital nerves, supraorbital nerves, and trigeminal nerves.
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To receive SCS, a patient's pain must have an objective basis for pain and must have failed to respond to alternative therapies. Additional criteria include psychiatric clearance and no unresolved drug addition issues. SCS candidates undergo 
a 3- to 5-day trial before implantation to determine whether SCS will be successful (pain relief >50%) and identify the optimal frequency and duration of stimulation. If the trial is successful, an impulse-generating device is implanted 
subcutaneously and connected to the electrodes. The parameters are adjusted with radiofrequency telemetry.

Intrathecal/intraventricular infusion.

Intrathecal infusion requires implanting a pump and catheter designed to deliver medication directly to the spine. This technique is rarely used for patients with head and neck pain. Appelgren and colleagues,[3] however, reported using 
intracisternal infusions of local anesthetics with dramatic reduction in head and neck pain. Catheters are placed at either C7 or T1 and threaded cephalad. Occasionally, patients with severe head pain due to cancer are treated with 
intraventricular morphine.[49] This approach allows clinicians to minimize the total dose delivered to control pain and, thus, reduce adverse effects.

Treatment of Acute (Postoperative) Pain

We rely on narcotics and nonsteroidal agents to treat acute pain, especially postoperative pain. Patient-controlled analgesia, a drug delivery technique that, as its name indicates, allows the patient to control some aspects of the dosing and 
frequency of drug delivery, is especially appropriate for use with opioids so long as safeguards are in place to prevent the patient's visitors from administering the drugs. Indeed, many of the short-acting medications that are used for chronic 
pain are also appropriately applied to acute pain in the postoperative setting.

HEADACHE PAIN

Etiology

Trigeminocervical complex pathophysiologies are considered the main source of headaches. Secondary causes include an identifiable pathology, infection, medication side effect, space-occupying lesions, spinal pathology, or inflammation. 
Headaches can be nociceptive, neurogenic, or neurohumoral. The pain of headaches results from vasodilation or muscle spasm and can be self-perpetuating. In more than 90% of patients, the primary type of head pain is migraine, cluster, or 
tension-type/daily headache.

Migraine

Prevalence

Migraines may affect 30 million Americans.[4] The prevalence of migraine in the United States is highest among white women at 20.4%, followed by 16.2% for black women, 9.2% for Asian American women, 8.6% for white men, 7.2% for 
black men, and 4.2% for Asian American men.[70] 

Pathogenesis

Although the exact cause of migraine is uncertain, the results of experimental studies and the success of some migraine-specific therapies have helped define the pathology as a cervical-trigeminal-vascular disorder. Sensitization and 
activation of the trigeminal ganglia nerves release the calcitonin gene-related peptide and cause inflammation in the nerves serving meningeal blood vessels.

In a 1993 study on the pathogenesis of migraine, Kaube et al. [42] found that stimulating the sagittal sinus (a trigeminally innervated structure) in cats increased cervical cord activity, including expression of c-fos immunoreactivity. This 
allowed visualization of the neurons that likely play a role in a vascular headache such as migraine. A few years later, Goadsby and Hoskin[33] stimulated the sinuses of monkeys and mapped the resulting evoked expression of c-fos in laminae 
of the trigeminal nucleus and C1 dorsal horn. Because they found that the amount evoked at the C2 level was closer to the control, they concluded that C1 trigeminovascular afferents may have a specialized role in mediating the pain of 
migraine.

In addition, serotonin levels are higher centrally and lower peripherally during migraines. In 1993, Marcus[51] reviewed reports on the role of serotonin in migraine and concluded that changes in serotonin levels may precede the cerebral 
vascular dilation and muscular changes noted in both migraine and tension-type headache. Further implicating serotonin, triptans designed to activate two receptors in the 5-HT1 serotonin family, the 5-HT1B receptors that constrict 



meningeal vessels (reversing migraine-associated vasodilation) and the 5-HT1D receptors that may block the secretion of the trigeminal neuropeptides which may play a role in the neurogenic inflammatory response, can relieve migraine 
pain. [36] 

Spreading oligemia has been observed in studies of cerebral blood flow during the aura phase of migraine. The time course and relationship of the changes in cerebral blood flow and the symptomatology of the migraine are as follows. As the 
aura phase gives way to the headache, cerebral blood flow diminishes. Depressed cortical spreading may induce neurogenic inflammation and vasodilation. This inflammation, in
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turn, irritates the perivascular trigeminal sensory fiber, increasing capillary permeability, vasodilation, and hypothalamic and cervical cord activation. After approximately 1 hour of headache pain, the brain becomes hyperperfused with 
blood. This continues for less than 2 hours beyond cessation of pain, when blood flow returns to normal.

Another hypothesis is that a "hyperexcitable" brain may be predisposed to cause an imbalance between neuronal inhibition and excitation and that this imbalance has an important role in migraine pathophysiology.[45] 

As we learn more about the pathogenesis of migraine, we will be able to improve its management.

Symptoms/Diagnosis

Migraines may proceed through four phases: (1) a prodromal phase characterized by depression, irritability, and anorexia; (2) an aura phase that occurs in approximately 15% of cases, is transient and reversible, and may involve visual, 
somatosensory, or motor or language deficit of neurologic origin (generally, hypersensitivity to normally non-noxious stimuli, such as light or noise); (3) the headache phase marked by unilateral throbbing pain of moderate-to-severe 
intensity that lasts 4 to 72 hours, sometimes accompanied by nausea; and (4) a resolution phase, marked by fatigue. Migraine is never a daily occurrence, but it is a recurring syndrome.

Like all painful conditions, migraine is underdiagnosed. A pilot study indicates that as many as 96% of patients with migraine (according to the International Headache Society criteria) also have nasal symptoms and, thus, mistakenly believe 
they are experiecing sinus headaches.[41] 

Several migraine triggers can cause pain within 12 hours of exposure, including alcohol and foods that trigger tyramine (cheese, fermented food), aspartame (diet soft drinks), monosodium glutamate (used as a flavor enhancer), 
phenylethylamine (chocolate), and, possibly, sinus inflammation. Additional triggers are changes in hormone levels, sleep patterns, and stress. Even a minor degree of trauma, such as whiplash,[77] concussion with subsequent normal 
neurologic examination,[50] or trauma causing only a brief loss of consciousness,[74] can trigger migraines.

Treatment

Migraine is an undertreated and inadequately treated syndrome because patients generally rely on over-the-counter medication, and physicians have little to guide them in prescribing for this condition.[18] 

Migraine treatment can be prophylactic (including avoiding triggers), abortive (using specific or nonspecific analgesics), or acute. Treatment choices include the administration of prescription or over-the-counter pharmaceuticals, physical 
therapy, alternative therapies, or interventional therapies (neural blockade or modulation: trigeminal blockade, C1–3 blockade, botulinum toxin A injections).

Prophylaxis.

Patients who experience frequent migraines or are unable to relieve their severe migraine pain may benefit from prophylaxis.[45] The first step, eliminating or reducing exposure to triggers, can lead to a 50% improvement in 50% of intractable 
migraines. After that, first-line pharmacologic prophylactic treatment includes the administration of β-blockers, calcium blockers, antidepressants, or NSAIDs. The efficacy of these drugs for migraine prophylaxis was discovered by chance; 
their mechanism of action for this indication remains unknown. [45] 

The prophylactic β-blockers include propranolol (adverse effects: hypotension, bradycardia, depression, sedation), timolol, nadolol, metoprolol, and atenolol (data suggest care in prescribing these drugs to patients with chronic heart failure 
or asthma). Common adverse effects of β-blockers include fatigue, depression, exacerbation of Raynaud's phenomenon, sleep disturbance, and diarrhea.

Prophylactic calcium-channel blockers include verapamil (adverse effects: hypotension, fatigue, constipation), diltiazem, nimodipine, and nicardipine (adverse effects: flushing, edema). Use of calcium-channel blockers should be avoided in 
patients with cardiac rhythm disorders or chronic heart failure.

Tricyclic antidepressants (TCAs), such as amitriptyline, nortriptyline, and doxepin, may be effective but their use can be limited by their adverse effect profiles.[59] Amitriptyline is one of the most anticholinergic TCAs (adverse effects dry 
mouth, constipation, blurred vision, and urinary retention) and nortriptyline the least. Amitriptyline also has a strong sedative effect but is least likely to cause an autonomic effect leading to orthostatic hypotension, whereas nortriptyline is 
most likely to. TCAs are contraindicated in patients with prolonged conduction times and should be used with caution in patients with cardiac disease.

The NSAIDs used as migraine prophylactic and abortive treatment are aspirin, naproxen, flurbiprofen, ketoprofen, and fenoprofen. As with all NSAIDs, adverse effects include analgesic nephropathy and gastrointestinal upset and bleeding.

Because these prophylactic drugs are not effective in a significant number of migraineurs, investigators continue to test the efficacy of additional pain treatments, including anticonvulsants, in preventing migraine.[9] When used to prevent and 
treat migraine
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and chronic daily headache, anticonvulsants, which are γ-aminobutyric acid agonists, are better considered "neuromodulating agents" or "neuronal stabilizing agents."[44] The use of these agents is based on the hyperexcitable brain theory of 
migraine pathogenesis. To date, only sodium valproate has gained approval by the U.S. Food and Drug Administration for this indication, but baclofen, gabapentin, and topiramate are under investigation and may prove to be especially useful 
for patients with comorbidities.[1] [16] [25] 



A 2002 literature review concurred that divalproex sodium (valproate semi-sodium) is an efficacious migraine prophylactic. This agent dilutes cerebral arteries, but its adverse effect profile includes hepatic dysfunction thrombocytopenia, 
gastrointestinal upset, hair loss, and weight gain.[45] The same review noted that lamotrigine may have a role in preventing migraine-associated aura, topiramate shows promise (and additional trials are underway), and only insufficient 
evidence points to a role for gabapentin, magnesium, lisinopril, botulinum toxin A, tiagabine, levetiracetam, zonisamide, or petasites.[45] 

Abortive therapy.

The choice of abortive therapy for migraine should be based on the characteristics of the pain (severity, frequency, and associated symptoms) and on the characteristics of the patient (therapeutic history, comorbidities, etc.). Most abortive 
therapy is pharmaceutical, but this approach can be augmented or replaced by complementary/alternative therapies or interventional treatment.

Other nonspecific medical therapies used for abortive treatment include opioids, phenothiazines, NSAIDs, intranasal lidocaine, and steroids.[18] 

Vasoconstrictors such as dihydroergotamine mesylate and other ergotamine derivatives and the triptans (selective serotonin 5-HT1B/1D agonists) are the mainstay of abortive migraine therapy. These pharmaceuticals should be used with 
caution in patients with coronary artery disease, primary vascular disease, and hypertension. In fact, triptans are contraindicated in patients with ischemic heart disease or symptoms consistent with ischemic heart disease; coronary artery 
vasospasm, including Prinzmetal's variant angina; and any other significant cardiovascular disease, including uncontrolled hypertension.

Choosing the best of the seven triptans at the best oral dose for any given patient will be difficult because the differences are small but probably clinically relevant for individual patients. One review, using the guidelines of evidence-based 
medicine, found that 59% of patients taking 100 mg of sumatriptan had a 2-hour improvement from moderate/severe to mild/no pain, 29% were pain free in 2 hours, and in 20% this was sustained, in 67% these results were consistent. At 
least one adverse event was experienced by 13% of patients. Findings were similar but not identical (some triptans offered lower efficacy but better tolerability, for example) for sumatriptan 25 mg; rizatriptan 10 and 5 mg; eletriptan 80, 40, 
and 20 mg; almotriptan 12.5 mg; naratriptan 2.5 mg; and zolmitriptan 2.5 and 5 mg. The investigators noted that data suggest frovatriptan may offer substantially lower efficacy and concluded that rizatriptan 10 mg, eletriptan 80 mg, and 
almotriptan 12.5 mg are most likely to be consistently efficacious.[24] 

Another study notes that 25% to 45% of patients suffer headache recurrence on triptans, but that almotriptan 12.5 mg is associated with a recurrence rate of just 18% to 27% while offering similar efficacy to the other triptans, 75% 
consistency, and tolerability similar to placebo.[17] Headache recurrence is, in fact, a major reason that patients become dissatisfied with triptans. One study of this phenomenon found that headache recurrence is lowest among triptans with the 
longest half-lives and greatest 5-HT1B receptor potency. [32] Tizanidine has been successfully used as an adjunct to a long-acting NSAID to treat rebound headache accompanying the discontinuation of overused acute migraine therapies.[16] 

Additional analgesics used to abort migraines include rectal indomethacin; Excedrin (combination of acetaminophen, aspirin, and caffeine),[46] naratriptan, or zolmitriptan, each of which can cause flushing, nausea, esophageal spasm, or 
angina. The goal of these drugs is to inhibit the trigeminocervical complex and, thus, interfere with the migraine pain referral pathway. Investigators have even used intranasal capsaicin to treat migraine.[29] 

Highlighting the need to find the right drug for the right patient, a study of 347 patients with migraine who self-identified as nonresponders to sumatriptan found that 36% obtained pain relief at 2 hours with a second dose of sumatriptan 
when the drug was masked. The group of actual nonresponders was then randomly assigned to receive 2.5 mg naratriptan vs placebo, which led to pain relief at 2 hours for 25% and at 4 hours for 42%. The placebo relieved pain in 10% at 2 
hours and 20% at 4 hours.[69] 

Acute therapy.

When migraine is especially severe or refractory, its victims may appear in emergency rooms. Treatment options will be dictated by which pharmaceuticals the patient has recently consumed and by the associated symptoms.[34] 

For acute migraine therapy, 80% efficacy can be gained with 12.5 to 37.5 mg of intravenous chlorpromazine or 10 mg of intravenous prochlorperazine. [15] However, one study showed that 16 of 28 patients treated with prochlorperazine 
needed rescue
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medication after 1 hour,[39] which is associated with a risk of hypotension, sedation, and dystonia. Other agents that are commonly administered but are only 50% to 65% effective are metoclopramide, lidocaine, transnasal butorphanol, 
propofol, sumatriptan (chest pressure and a sensation of heaviness are common adverse effects, and headache recurrence is as high as 40%), and intravenous valproic acid. Using dihydroergotamine or ergotamine for migraine abortive 
therapy is associated with a minor risk of angina, cramps, nausea, and vomiting.

Interventional therapy.

Botulinum toxin type A inhibits acetylcholine release at nerve terminals and may also block parasympathetic nervous system action. In a double-blind, controlled trial of the safety and efficacy of botulinum toxin A as a migraine 
prophylactic, 123 patients who suffered 2 to 8 migraines per month were randomly assigned to receive injections of either 25 or 75 U botulinum A.[65] The injections occurred during a single visit and were made into various pericranial 
muscles. Participants kept migraine diaries for 1 month before and 3 months after the injections. In each botulinum group, the neurotoxin reduced the frequency and severity of migraines, use of migraine medication, and migraine-induced 
vomiting. The 75-U group, however, had a higher rate of adverse events than did the control group. Specific features of the headache (frequency, severity, etc.) may influence response.[10] 

A literature review that classified this trial as negative for the 75-U group and positive for the 25-U group, the other controlled study as "partly positive," and the four open studies as negative, however, concluded that until further studies are 
conducted, there is insufficient evidence to recommend botulinum toxin A treatment for migraine.[22] This conclusion is echoed by other investigators who note the trials reported few significant adverse events, but more research is needed to 
determine the mechanism of action of botulinum toxin A in migraines as well as the optimal treatment schedule and injection sites for specific headaches.[16] 

Another interventional approach is to treat moderate to severe migraines by removing the corrugator supercilii muscles, transecting the zygomaticotemporal branch of the trigeminal nerve, and repositioning the soft tissue in the temple. In a 
prospective study, investigators injected 25 U botulinum toxin A into each corrugator supercilii muscle of 24 female and 5 male patients. Of the 24 patients with a positive response, 22 went on to the surgical treatment. Of these, during a 
follow-up of 222 to 494 days, headaches were eliminated in 10 patients and considerably improved in intensity and frequency in 11. The remaining patient experienced no change. These investigators concluded that the surgical approach was 
a success and that the botulinum injection was a reliable predictor of that success.[35] 

Psychological aspects.



As noted above, all pain has an emotional component, and migraine is sometimes treated with psychological interventions such as biofeedback or cognitive therapy. The placebo response also has an emotional component and, if we can 
expect a portion of study subjects to have an active response to a placebo, it is equally reasonable to expect a portion of study subjects to fail to respond to an active drug simply because they know they are taking part in a placebo-controlled 
trial. In other words, if some patients optimistically but mistakenly believe they are receiving the active drug and have a positive response to a placebo, other patients may pessimistically but mistakenly believe they are receiving a placebo 
and block their body's ability to have a response to the active drug. Investigators are beginning to examine this aspect of the placebo response. One such study compared the effectiveness of an active drug for migraine in trials that had a 
placebo control with those that did not and found a significantly lower response to the active drug in the placebo-controlled trials (61% vs 71%).[20] Findings such as these should lead investigators both to consider ways to enhance the action 
of migraine therapies and to develop new psychological approaches to treatment.[21] 

Cluster Headache

Prevalence

Unlike migraine, cluster-type headache is uncommon, occurring in only 1 in 1000 individuals. Also unlike migraine, this headache occurs six times more often in males than females. Cycles of cluster headaches can last 1 to 4 months, and 
remissions range from 6 to 24 months.

Symptoms

The symptoms of cluster headache are excruciating unilateral pain involving the eye/temple/upper jaw. Attacks of pain are 15 minutes to 2 hours in duration and may occur 1 to 4 times/day. Additional symptoms include pacing the floor, 
lacrimation, ptosis, nasal stuffiness, and rhinorrhea.

Treatment

Prophylaxis.

Verapamil (240–480 mg) is the drug of choice to prevent cluster headaches and may be combined with prednisone or 1 mg qhs Wigraine. Additional pharmaceuticals include lithium (300 mg/day divided), methysergide (2–8 mg/day). 
Episodic cluster headache
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is commonly treated with prednisone (40 mg qd tapered down every week by 10 mg).

Acute therapy.

When patients with cluster headache come to the emergency room, appropriate acute therapy includes administration of oxygen 8 to 10 L/min for 10 minutes, ergotamine, DHE-45, triptans, lidocaine, or a sphenopalatine block.

Interventional therapy.

In a study of the efficacy of radiofrequency lesioning of the sphenopalatine ganglion to treat and prevent cluster headache in patients refractory to pharmaceuticals, 34 of 56 patients with episodic and 3 of 10 patients with chronic cluster 
headache achieved complete pain relief. The remaining patients gained no relief. Eight patients had temporary postoperative epistaxis, and 11 experienced a cheek hematoma. In four patients, the maxillary nerve was partially lesioned. 
Hypesthesia of the palate, which occurred in nine patients, resolved within 3 months. The investigators concluded that this approach is reasonable in this population of patients.[62] 

Intractable chronic cluster headaches can resolve with blockade of the trigeminal ganglion[37] or the sphenopalatine ganglion. One follow-up study found sphenopalatine ganglion neurolysis to be 60% effective in 56 patients with episodic 
cluster headache and 30% in 10 with chronic cluster headache.[62] 

Chronic Tension-Type/Daily Headache

Prevalence

Chronic tension-type/daily headache is a relatively common condition, occurring in approximately 3% to 5% of the U.S. population and in women more often than men.

Pathophysiology

The pathophysiology of this headache type is unknown, but overactive pericranial muscles may play a role. Because chronic daily headache can be transformed migraine, new-onset daily headache, or tension-type headache,[30] achieving an 
exact diagnosis can be difficult.[13] 

Symptoms

These headaches occur more than 15 days a month and consist of a constant band-like pain that feels like mild to moderate pressure, tightness, or dull ache. The pain is bilateral and contained in the forehead.

Treatment

Some patients benefit from psychological techniques, including strengthening exercises, self-hypnosis, cognitive therapy, and biofeedback to relax muscles.[55] Most patients can achieve adequate relief from tension-type headache with over-
the-counter analgesics, such as NSAIDs. Things become more complicated for headaches that are a daily occurrence.

Prophylactic drugs for chronic daily headache include antidepressants (amitriptyline, doxepin, fluoxetine), neuromodulating agents (divalproex), β-blockers (propranolol, nadolol, etc.), calcium-channel blockers (verapamil), and 



miscellaneous agents, such as methysergide.

Acute treatment relies on pharmaceutical regimens that may include tizanidine (for chronic cases or prophylaxis) or depend on augmenting standard analgesics with sedating antihistamines, antiemetics, butalbital, or opiates. Muscle relaxants 
may be useful for acute cases.

Regular analgesic use has been implicated as a cause of chronic headache because approximately 2% of those with daily headache use analgesics on a routine basis. In these patients, analgesic withdrawal can lead to improvement in 
symptoms. One study designed to shed light on this possibility examined headache history in 110 patients using daily analgesics for rheumatoid arthritis, seronegative arthritis, or miscellaneous rheumatology-related disorders and concluded 
that regular analgesic use in patients with a history of migraine will likely lead to chronic daily headache.[6] 

The results of botulinum toxin A injections are mixed. For example, in four patients, tension-type refractory headaches improved in terms of severity, frequency, and subsequent medical interventions for control of headaches with injection of 
20 U botulinum toxin A in symptomatic areas.[76] In a double-blind, randomized controlled trial involving 21 patients with acute tension headaches who received 10 pericranial injections of 20 U botulinum toxin A or saline placebo, however, 
no significant differences were found at 4, 6, and 12 weeks in visual analog scale pain scores, frequency and duration of attacks, analgesic use, pressure pain threshold, total tenderness score, or quality of life. These investigators concluded 
that peripheral mechanisms play only a minor role in the pathogenesis of tension-type headache.[61] Another double-blind, randomized controlled trial involving the injection of 100 U botulinum toxin A or 2 cc saline into temporal or cervical 
muscles found a 25% to greater than 50% improvement in the number of headache-free days, headache severity score, and quality of life at 3 months' follow-up in 13 treatment patients vs only 2 control subjects.[67] 

Paroxysmal Hemicrania

Prevalence

Hemicrania is rare and occurs more often in women than in men.
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Symptoms

As its name indicates, this is a unilateral headache. It causes excruciating pain in the ocular and frontotemporal area for 10 to 30 minutes, 10 to 30 times/day, and is provoked by certain neck movements and pressure in the upper back. Each 
occurrence can last up to 20 hours. Because additional symptoms include nasal congestion, conjunctival injection, lacrimation, and rhinorrhea, hemicrania is often misdiagnosed as sinus headache.

Treatment

Both hemicrania continua and chronic paroxysmal hemicrania respond to 150 to 200 mg divided doses of indomethacin. In fact, this response confirms the diagnosis: a patient may have all the symptoms of hemicrania but respond only to 
triptans and pizotifen, which usually work for cluster headache.[28] 

Cervicogenic Headache

Prevalence

Cervicogenic headaches are common. One such headache, occipital neuralgia, results from injury to the occipital nerve caused by stress, trauma, or repetitive muscular contraction. Pain arising from the C2–C3 facet joints also generally 
radiates to the occiput and can be reproduced with ipsilateral rotation and extension of the cervical spine. Facet joint syndrome is difficult to diagnose because it arises from the same types of degenerative changes that show up in x-rays of 
asymptomatic joints. The patient's response to a nerve block helps in the diagnosis of cervical facet joint syndrome. Facet joint syndrome can be differentiated by the response to radiographically guided injections of local anesthetics into the 
zygapophyseal joints or around the dorsal medial branches of the posterior primary rami.

Symptoms

In 1990, Sjaastad[66] described cervicogenic headache as a variant of migraine that originates in the back of the head and spreads to the front. Pain is unilateral, of moderate severity, and, because it is triggered by neck movement, can be 
precipitated mechanically. He noted that occipital nerve blocks effectively stop the pain. Edmeads[19] had previously associated this phenomenon with photophobia, phonophobia, nausea, and dizziness. Cervicogenic headaches are difficult to 
distinguish clinically from migraine and tension-type headache.

Treatment

Treatment ranges from conservative therapy, such as massage and rest, to interventional therapy, including nerve blocks and steroid injections.

An open study with masked outcome assessment sought to determine the efficacy of manipulation therapy and exercise alone and in combination compared with controls by randomly assigning 200 patients into four groups. By 1-year follow-
up, manipulative therapy and exercise therapy alone reduced the frequency and intensity of headaches and neck pain compared with control subjects. Although the combined therapy showed no significant benefit over either single therapy, 
10% more of the patients in this group improved. The patients maintained the positive effects.[40] 

A double-blind, randomized controlled trial examined the effects of injecting 100 U botulinum toxin A in five cervical trigger points (14 patients) vs injecting 1 mL of saline placebo (12 patients). At 2- and 4-week follow-ups, the treatment 
group showed a significant improvement in pain and range of motion compared with their preinjection levels, whereas the placebo group demonstrated no significant changes.[26] 

A case report describes excellent but temporary results in a patient with refractory retroorbital headaches using three consecutive C2 ganglion blocks with 0.5 mL of local anesthetic administered under fluoroscopy. After the clinicians 
subsequently performed percutaneous radiofrequency ganglionectomy with multiple C2 lesions at 60°C for 90 seconds, the patient remained pain free throughout 4 years of follow-up.[5] 

To determine the efficacy of treating intractable occipital neuralgia using percutaneous peripheral nerve electrostimulation, 13 patients had an electrode implanted transversely at the C1 level across the base of the occipital nerve trunk. With 



18- to 72-month follow-ups, 12 patients reported greater than 50% pain control and required little or no medication. In the remaining patient, the symptoms resolved and the electrode was removed. The investigators concluded that 
electrostimulation in such cases is a reasonable therapy.[73] 

Trigeminal Neuralgia

Prevalence

Trigeminal neuralgia is found more often in women than in men and generally in people over the age of 50 years.

Symptoms

Trigeminal neuralgia causes a sudden, severe pain that feels like an electric shock or stab. The pain generally affects only one side of the jaw or cheek and can last only 20 to 30 seconds or occur in rapid sequence. This pain may continue off 
and on for a day or several months and then might disappear only to recur months or even years later. The pain may be triggered by trivial, everyday stimuli, such as brushing teeth or touching the face.
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Diagnosis

Magnetic resonance imaging (MRI) of the ganglion can be used to diagnose this condition.

Treatment

Pharmaceuticals used to treat this condition include Tegretol (carbamazepine), Dilantin (phenytoin), baclofen, clonazepam, gabapentin, and valproic acid alone or in combination.

If pain is refractory, a single percutaneous stereotactic radiofrequency rhizotomy can be effective. Barring that, patients undergo a surgical intervention.

NECK PAIN

Etiology

Biomechanical disorders are the most common cause of neck pain and can be caused by the degeneration that accompanies aging (degenerative arthritis), inflammatory diseases (rheumatoid arthritis), or trauma. This pain can also provide 
early warning of spinal cord compression (an emergency situation), a primary or secondary tumor, or (rarely) infection.

Additional and sometimes multiple therapies may become necessary to treat chronic or radicular neck pain.[12] As always with painful conditions, treatment begins with diagnosis and the most conservative appropriate therapies and proceeds, 
when indicated, to interventional therapies. Other treatments include psychological techniques (cognitive therapy), manipulative techniques, pharmaceuticals, acupuncture, massage, cervical epidural blocks (C2 ganglion, trigeminal ganglion, 
sphenopalatine), neuroablation (botulinum injections, radiofrequency), neuromodulation (greater occipital nerve stimulation, supraorbital nerve stimulation, gasserian ganglion stimulation), intrathecal infusion, and surgical techniques 
(fusion, diskectomy). In cases of systemic illnesses or spinal compression, pain and the underlying cause must be treated aggressively to prevent development of complications.

Degenerative Disk Disease

Degenerative arthritis can reduce surface cartilage in the cervical spine and/or produce bone spurs that can entangle a nerve or put pressure on a nerve root. Degenerative disk disease occurs because aging disks lose their flexibility, and the 
results are locally painful tears in the annulus fibrosis or herniated disks that press on nerve roots. Depending on their manifestation, degree, and location, degenerative arthritis and degenerative disk disease can be benign or can cause 
radiculopathy, pain that is referred to the shoulder and arm on the affected side(s) and produces a tingling sensation in fingers, hand(s), or arm(s). In severe cases, called myelopathy, degenerative disk disease can cause spinal stenosis that is 
sometimes manifested as weakness or difficulty with walking or coordination.

Treatment

Asymptomatic patients with degeneration should not undergo prophylactic treatment, and medical management should be tried first in patients with radiculopathy or mild myelopathy.

Many patients with radiculopathy or pronounced myelopathy, however, will have a positive outcome after a surgical intervention, even in those with severe myelopathy,[23] but especially those whose symptoms are recalcitrant through 6 
weeks of management or are progressive. Cervical foraminotomy/diskectomy increases space where the nerve root exits the spinal canal by removing part of the joint that covers the nerve root and a portion of the disk, if necessary. Anterior 
cervical diskectomy, in which a surgeon gains access to the cervical spine through the front of the neck, is used when it is necessary to remove one or more intervertebral disks or bone spurs that are causing nerve damage. Some surgeons fill 
the resulting intervertebral space with a bone graft. In the presence of axial neck pain or any segmental kyphosis, fusion is also performed. In patients with posterolateral or lateral soft disk herniations, with focal osteophyte infringement, or 
in large patients with short necks and caudal lesions, a posterior laminoforaminotomy is often performed. [2] [72] 

Chronic Neck Pain

Some patients experience chronic neck pain without radiculopathy or myelopathy. Treatment can range from conservative to interventional, as seen in the following examples.

Treatment

Conservative treatment can include acupuncture and massage. In one prospective, randomized, controlled trial comparing these therapies after five treatments over 3 weeks, 56 patients received acupuncture, 60 massage, and 61 sham laser 
acupuncture. Compared with the massage group but not the sham group, motion-related pain significantly improved in the acupuncture group, which also had best results for all secondary outcomes. These investigators believed their results 



point to the short-term efficacy of acupuncture and called for studies of its long-term efficacy. [38] 

A panel charged with developing evidence-based clinical practice guidelines for rehabilitation methods for neck pain identified therapeutic exercises as the only intervention offering clinically important benefits and noted that evidence is 
lacking for the efficacy
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of thermotherapy, therapeutic ultrasound, massage, and electrical stimulation.[58] 

Investigators have also sought to determine the efficacy of injecting botulinum toxin A into chronically painful neck muscles. One study compared the efficacy of a single injection of high-dose botulinum toxin A vs a saline injection and 
found that each group of patients improved significantly in terms of pain, disability, and tolerance to trigger point pressure. The incidence of adverse events with the botulinum injections was "large," and the investigators concluded that this 
was not an effective single therapy.[75] 

Anterior cervical diskectomy and fusion may also be performed to treat chronic neck pain without radiculopathy or myelopathy. One 53-month follow-up study involved 38 patients who had painful disk(s) proven by diskography. After the 
procedure, patients reported a significant decrease in pain and significant increase in function, and 30 patients were satisfied with their outcomes.[56] 

Another study to assess the clinical outcome for anterior cervical diskectomy and fusion patients at an average follow-up of 4.4 years found that 82% of the 87 patients were satisfied with their outcome, and 93% reported improvement in 
pain.[31] 

Atlantoaxial Subluxation and Basilar Invagination

Rheumatoid arthritis can cause serious problems in the relationship between C1 (the atlas vertebrae) and C2 (the axis vertebrae), including instability or a partial dislocation (atlantoaxial subluxation). When subluxation exceeds 9 mm, cord 
compression is likely. Rheumatoid arthritis can also cause deterioration of the joints between the base of the skull and C1–C2 to such an extent that the odontoid migrates upward and places pressure on the brain stem (basilar invagination). 
This can cause sudden death and may present as an untoward amount of flexion, posterior skull pain, tingling, and numbness in the fourth and fifth finger, in the medial forearm, or with neck movement.

Treatment

The KIM-STIM, an electrical stimulator that is molded to the patient's ear, fitted with multiple electrodes, and managed by the patient, is being used to treat pain associated with atlantoaxial subluxation syndrome as well as head, neck, and 
shoulder pain.[43] 

Posterior fusion of C1-C2 is indicated for atlantoaxial subluxation when patients have neurologic abnormality, intractable pain, or vertebral artery or cord compression demonstrated on MRI. The recommended treatment for basilar 
invagination is neurosurgery when MRI confirms cord compression. Otherwise, patients may benefit from conservative pharmaceutical and stretching approaches (neck traction).[78] 

Spinal Stenosis

Degeneration can also lead to two types of narrowing or stenosis in the cervical spine: (1) cervical spondylolysis, which occurs when the pars articulars is damaged and cannot continue to separate vertebrae, which may cause neck pain as 
well as arm weakness; and (2) the narrowing of the spinal canal and foramina, which occurs when the facets become inflamed from undue pressure and results in compression of the spinal cord, neuropathic symptoms, and neuropathic pain.

Treatment

Spinal stenosis is treated by decompressing the spinal cord, the nerve roots, or both, and replacing a section of the vertebra and adjacent intervertebral disks with a bone graft or metal plate (cervical corpectomy). When patients have four or 
more levels of stenosis, the preferred method is laminoplasty.[72] 

A review was conducted of the outcome of anterior cervical corpectomy, reconstruction with allograft fibula, and placement of an anterior plate in 261 patients with spinal stenosis due to spondylosis (197 patients), postlaminectomy kyphosis 
(27 patients), acute fracture (25 patients), or ossification of the posterior longitudinal ligament (12 patients). Nearly half of the procedures involved two disk levels and one vertebral body; 96 involved two levels, 31 three levels, and 1 four 
levels. The mean follow-up was 25.7 months. The fusion was successful in 226 patients, 33 developed an asymptomatic stable or fibrous union, and 2 developed unstable pseudoarthrosis requiring reoperation. Two patients had transient 
unilateral upper extremity weakness, 35 developed transient dysphagia, 7 permanent dysphagia, 35 transient hoarseness, and 2 permanent hoarseness. The hardware failed in 14 patients. These investigators concluded that this procedure is 
effective and improves symptoms in nearly all patients. [52] 

Trauma

Trauma or an accident can injure the neck through hyperextension (whiplash) or can produce fractures, dislocations, disk herniations, or an injured spinal cord (producing paralysis in extreme cases).

Treatment of Whiplash

Whiplash often leads to chronic pain in the cervical zygapophyseal joints.[8] Treatment ranges from conservative measures to neuroablation.

Bogduk et al.[11] have published widely on this condition and maintain that the evidence for efficacy of conservative measures is poor. Another group reviewed the literature to determine the efficacy of various exercise methods and concluded 
that moderate
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evidence supports early treatment with mobilizing exercise to treat acute whiplash, but no evidence supports the effectiveness of group exercise, "neck schools," or single sessions of extension-retraction exercises.[63] 

Clinicians have also investigated the merits of injecting various agents. One double-blind study, for example, compared the efficacy of an intraarticular injection of 0.5% bupivacaine (n = 20) or 5.7 mg of betamethasone (n = 21). The end 
point was time needed to return to 50% of preinjection pain. In each group, fewer than 50% of patients had pain relief from more than a week and fewer than 20 had relief for a month, indicating that the corticosteroid injection was not 
effective. [7] Another randomized, controlled trial compared five trigger-point injections of botulinum toxin A in 14 patients and with saline in 12 and found that range of neck motion and subjective pain improved significantly in the treatment 
group compared with control subjects but the treatment only led to a trend toward improved functioning.[27] 

To help establish the efficacy of percutaneous radiofrequency neurotomy for the treatment of cervical zygapophyseal joint pain, Lord et al.[48] conducted a randomized, double-blind trial, comparing percutaneous radiofrequency neurotomy 
involving multiple lesions using an 80°C electrode in 12 patients with a sham identical control treatment in 12 similar patients. The pain generator had been confirmed by double-blind, placebo-controlled nerve blocks using a local anesthetic. 
The active treatment group had a median time until pain returned to 50% of pretreatment level of 263 days vs 8 days in the control group. One control patient and 7 treatment patients were pain free at 27 weeks. These investigators concluded 
that multiple radiofrequency lesioning of target nerves is efficacious.

The same group reported on the use of radiofrequency neurotomy in 28 patients in whom diagnostic blocks confirmed cervical zygapophyseal pain. An initial procedure led to complete pain relief in 71% of patients. Those who failed the 
initial procedure did not benefit from a repeat procedure, but pain return after a beneficial initial procedure was successfully treated with a repeat neurotomy. [53] 
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Chapter 18 - INTEGRATING PALLIATIVE AND CURATIVE CARE STRATEGIES IN THE PRACTICE OF OTOLARYNGOLOGY

Michael A. Williams 
Cynda Hylton Rushton 



To live in the bright light of death is to live a life in which colors and sounds and smells are all more intense, in which smiles and laughs are irresistibly infectious, in which touches and hugs are warm and tender almost beyond 
belief. To live in this awareness of who, what, and where I am is to live more fully than I ever dreamed possible. 
William G. Bartholome, M.D.[3] 

PROLOGUE

Bill Bartholome, M.D., a revered pediatrician and ethicist, describes his experience of living in the shadow of his impending death after being diagnosed with esophageal cancer in 1994. Dr. Bartholome decided to limit therapy and not to 
undergo some treatments that had been recommended. In doing so, he lived longer than his physicians expected and found that his life was transformed by his experiences with living and dying.

His experience was featured in the Bill Moyers PBS television series On Our Own Terms: Moyers on Dying, which was first aired in September 2000. His is a poignant example of many of the issues surrounding life-threatening disease, 
death, dying, and palliative care, as well as the challenges facing health care professionals (HCPs) of considering and balancing the benefits and burdens of proposed therapies and respecting patients' autonomy while staying involved in 
patients' care, even when they are dying.

INTRODUCTION

The practice of medicine and surgery is a healing art. Regardless of specialization, geographic location, or religious or cultural differences, it is safe to say that persons become physicians and nurses because of their strong desire to help 
patients by treating symptoms, syndromes, and disease and by alleviating pain and suffering. Compared to a century ago, our abilities to treat with medications, surgery, radiation, and endoscopic and endovascular techniques; to diagnose 
with detailed imaging techniques revealing anatomy, blood flow, metabolic markers of ischemia, tumor, etc.; and even to conduct emergent epidemiologic and bench research for new infectious diseases (i.e., SARS) are unimaginable! More 
than a century of the scientific method in basic and clinical research has brought us to cures and salvages that have changed many persons' expectations of medicine, perhaps as exemplified (rightly or wrongly) in popular entertainment (e.g., 
television shows such as ER, Rescue 911, and Chicago Hope) or in the portrayal of medical research in broadcast and printed media.[8] 

The expectations of our patients, and our expectations as HCPs, are that we will cure our patients. Similarly, our academic mission is to conduct basic, translational, and clinical research and generate novel therapies to treat persons who 
would become impaired or die under existing standards of care.

In spite of current and future advances in medicine, several fundamental truths will always remain: (1) Medicine is a human endeavor based on trust between patients and HCPs. (2) There are illnesses beyond our capacity to treat. (3) All 
persons die.

In the face of these fundamental truths, physicians have often been said to have more focus on the "curing" than on the "caring" aspects of medicine. The all too often heard rhetorical question, "Why are we doing this to this patient?" is 
emblematic of the tension between the endeavor to cure and the recognition that almost all treatments carry burdens as well as benefits, a point that Bill Bartholome knew very well, given his experience as both a physician and a patient. The 
desire to cure, even when it means "pushing the envelope" of therapy is not de facto "bad," nor is it incompatible with the desire to care and to alleviate symptoms. Similarly, the aim of alleviating symptoms
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(palliative care) is not de facto "giving up on a patient," nor is it incompatible with the desire to cure.[23] [29] 

The aim of this chapter is to outline important principles and strategies for integrating palliative and curative care in otolaryngology-head and neck surgery (OLHNS). We start from a presumption of good will—that HCPs desire both to cure 
and to alleviate symptoms. We also start with the recognition that not all HCPs have been given the opportunity to learn how to integrate these aims, nor is this an issue that has been adequately covered in many medical textbooks.[19] Because 
we are not otolaryngology specialists, this chapter will focus more on principles rather than on specific protocols or circumstances of palliative care in otolaryngology.

IMPORTANT DEFINITIONS AND CONCEPTS

Curative and Restorative Care

Curative and restorative care involves therapies and diagnostic techniques that are specifically intended to arrest or control the pathophysiologic processes that result in a patient's disease, or to restore the structure or function lost to disease. 
Examples of curative care include medications, antimicrobial agents, chemotherapy, medically provided hydration and nutrition, dialysis, blood transfusion, extirpative surgery, endoscopic surgery, endovascular surgery, radiation therapy 
(including stereotactic radiosurgery), and administration of radiopharmaceuticals; and examples of restorative care include plastic and reconstructive surgery, prosthetic surgery (e.g., cochlear implant), hormonal therapy (e.g., thyroid 
replacement), and organ transplantation.

Palliative Care

Palliative care is a comprehensive approach to treating serious illness that focuses on physical, psychological, spiritual, and social needs of patients. The goal is "to achieve the best possible quality of life through relief of suffering, control of 
symptoms and restoration of functional capacity while remaining sensitive to personal, cultural and religious values, beliefs and practices."[28] A person does not have to be dying in order to need or to receive palliative care.

End-of-Life Care

End-of-life (EOL) care is a "subset" of palliative care that encompasses advance care planning (i.e., creating advance directives and discussing goals of care with family and HCPs, a process that should begin from the time of diagnosis of a 
potentially life-threatening disease); decisions to limit or withdraw life-sustaining therapies; "do not resuscitate" orders; respect for personal, cultural, and religious dying rituals; and support of patients' and families' emotional needs, 
including grief and bereavement. While EOL care is often provided when death is imminent, it may best be initiated when death is foreseeable.

Pain Medicine



Pain medicine has a focus on the treatment of acute and chronic pain, which includes both the unpleasant sensation that constitutes pain and the associated emotional responses. Pain specialists come from the fields of anesthesiology, 
psychiatry, physical medicine and rehabilitation, neurology, neurosurgery, and others, but it is the responsibility of all HCPs to address patients' pain. The American Academy of Pain Medicine defines the practice of pain medicine as a 
multidisciplinary approach "incorporating modalities from various specialties to ensure the comprehensive evaluation and treatment of the pain patient" and includes the treatment of pain that is a symptom of disease (eudynia) as well as the 
pain that is the primary disease (maldynia).[2] Although palliative care and EOL care both have a considerable focus on the treatment of pain, it is important to understand that a "pain consult" is often not sufficient by itself to attend to all the 
needs addressed by palliative and EOL care.

Ethics Consultation

An ethics consultation is provided either by individuals or teams assigned by a hospital the responsibility to advise patients, families, physicians, nurses, and other HCPs in circumstances when there is conflict or uncertainty regarding values 
used in making health care decisions for individual patients. A similar function applies to values used in making decisions for institutions or groups of patients, known as organizational ethics. The role of an ethics consultation team is not to 
make the decision or to dictate the patient's care plan; ethics consultations are advisory. Their role is to listen to the involved persons; to help in the communication and decision-making processes; to keep focus on the patient's values and 
interests; to clarify the ethical and moral aspects and boundaries of the situation; and to assist everyone involved in coming to an ethically permissible decision—and in most circumstances, there may be more than one ethically permissible 
decision.

Goals of Care

Goals of care can include curing disease, alleviating symptoms and improving quality of life, relieving suffering and providing comfort, and acknowledging the inevitability of dying and death while retaining hope (as Bill Bartholome did). 
The goals of care should be determined prospectively by discussions with the patient, or with the family or surrogates if the patient lacks decision making capacity. These
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discussions should include an assessment of the patient's current condition and prognosis, the risks and benefits of existing or proposed interventions, and an estimation of the effectiveness and range of outcomes of the treatment options, 
including palliative care. Pursuit of curative, restorative, and palliative goals of care can occur simultaneously, and often should.

PALLIATIVE CARE IMPERATIVES AND OPPORTUNITIES

In 1997, the Institute of Medicine reported that "too many dying people suffer from pain and other distress that clinicians could prevent or relieve with existing knowledge and therapies."[16] Given the extensive literature that exists and 
documents pain and quality-of-life measures in head and neck tumors, it is surprising and regrettable that there appears to be very little OLHNS literature that specifically addresses palliative care, as opposed to palliative surgery, radiation, or 
chemotherapy.[17] It would seem that the field of OLHNS possesses a large volume of data on pain and quality of life, and it is now time to move from a more passive, observational approach to these issues in research and clinical care to a 
more active approach that not only notes the symptoms and quality-of-life measures but anticipates and responds to them through the integration of palliative care and curative care strategies. [21] The American College of Surgeons has already 
undertaken a series of efforts and publications related to palliative and EOL care, [22] [26] [27] yet a search of the American Academy of Otolaryngology-Head and Neck Surgery Web site reveals no results for the terms death, dying, palliative care, 
end-of-life care, or their variants.[1] Thus, it appears that there is both an imperative and a significant opportunity for OLHNS clinical research and clinical care, as well as educational endeavors to more formally integrate palliative care into 
the practice of OLHNS.

Trust and Betrayal

Medicine is a human endeavor based on trust between patients and HCPs. Everyone wants, needs, and deserves trust in relationships. Yet trust is a complex concept with different meanings. It is emotionally provocative, both positively and 
negatively.[20] 

However, trust can be fragile, especially under conditions of vulnerability such as illness or injury. Trust in a person (e.g., a HCP) is fostered when there is confidence that person will fulfill the expectations entrusted to them—that they will 
fulfill their obligations. However, a patient under the stress of illness may be less capable of extending trust, and thus the responsibility falls to the HCP to demonstrate trustworthiness, the capacity to be trusted by others, which is fostered by 
behaviors that are respectful and promote integrity. Especially in today's health care environment, HCPs can also be affected by stress in such a way that their capacity for trust in relationships with patients, or even other HCPs, is 
undermined. Trustworthy behaviors can be the expression of either conscious or unconscious choices we make, depending on our individual levels of awareness, readiness, and willingness to address trust in relationships.[20] 

When persons are diagnosed with life-threatening illnesses or injuries, they may experience what they perceive as a series of major and minor betrayals. They may feel that their bodies have betrayed them, that their sense of how things work 
in the world has betrayed them, or even that God has betrayed them, challenging their faith. As their experiences with their illnesses progress, these patients may even experience what they sense as betrayal by family members or friends, 
depending on their responses to the patients' illnesses.

At times, they may experience a breach of trust by HCPs. It is not rare for physicians to encounter patients who describe their previous experiences with other physicians or institutions as unfavorable. Thus, when patients first meet health 
care team members, they can arrive at the encounter with an already challenged capacity to trust.

This circumstance can be disconcerting to HCPs who are trained and work in a framework in which they "expect" to be trusted by their patients from the outset. The challenge, then, is to better understand the nature of trust, trustworthiness, 
and betrayal and to incorporate this understanding into the HCP-patient relationship in a way that supports trust and heals the patient's sense of betrayal.

Patients come to HCPs when they are in need of their specialized expertise and may assume that HCPs will use their competency to cure the patients' ailments or injuries, improve their function, or relieve their pain and suffering, an 
obligation of HCP known as fiduciary responsibility.[18] Whether explicitly stated to the patient or not, the fiduciary responsibility serves as an HCP's promise to act in the patient's interest. In the HCP-patient relationship, trust is also 
demonstrated when an HCP regularly reviews progress, goals of care, and prognosis with the patient to ensure that the plans the HCP is pursuing are still consistent with the patient's wishes.

Clearly, trust of HCPs can be built or broken based on the integrity of our behaviors, but trust is also bidirectional. That is, just as patients expect that they can trust HCPs, HCPs expect that they can trust patients. For mutual trust to be 
fostered, a shared understanding of the meaning and conditions of
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the relationship will be necessary so unintentional betrayals can be avoided. In essence, it is wise to discuss obligations and expectations early in the HCP-patient relationship so as to support the trusting relationship.[20] 

What is meant by betrayal? Betrayal is a breach of trust or the perception that a trust has been breached. Betrayals can be either intentional or unintentional. Betrayal is a natural part of both personal and professional relationships; however, it 
is worth considering that betrayals are best tolerated (or forgiven) in relationships that already have a strong foundation of trust.

When persons find themselves in the circumstance of being betrayed, they can question themselves, their worth, their principles and beliefs, their own trustworthiness, and their sense of belonging.[20] Betrayal can be experienced in a variety of 
ways, ranging from minor to major emotional responses or from mild discomfort to deep pain. A person's experiences with betrayal influences his or her future capacity for trust. In essence, persons who have experienced betrayal previously 
are less likely to enter into future relationships by extending their trust, which sometimes means that a physician-patient relationship that is new from the physician's relationship, and thus should be founded in trust, may be viewed from the 
patient's perspective with a degree of distrust.

HCPs help patients and families heal by practicing trust-promoting behaviors. These start with respectful communication, which provides the basis for shared decision making. In communication, respect is foundational. HCPs must practice 
humility and assume that patients are capable of understanding complex issues. This means working closely with them to clarify their intentions and to assess their preferences for involvement in decision making. Open communication about 
these issues decreases the likelihood of making decisions without adequate notification and involvement. It can also help prevent any breaches of confidential information to uninvolved third parties that might result in loss of resources or 
insurance coverage.

Respect for Persons and Autonomy

In the United States, there is a strong tradition and legal precedent for respecting the autonomy of persons with regard to their medical decisions. The underlying concept of autonomy is respect for persons. The Belmont Report, for example, 
describes that respect for persons incorporates (1) respect for autonomy, or self-determination, of persons with decision making capacity, and (2) protection of persons who, by virtue of impaired decision-making capacity, may not be able to 
express their autonomous wishes.[14] 

In its broadest interpretation, "respect for persons" means recognizing another human being as sharing a common human destiny.[10] Each patient, as a person, regardless of how we as HCPs may perceive the quality of their life, must be 
shown consideration and regarded with deference and respect. Respect for persons not only includes respecting their choices (autonomy), but also providing them the information to make their choices (veracity, or telling the truth), which 
includes the obligation of HCPs to help interpret complex medical information in a way the patient and family can understand and appreciate it, and also to make recommendations for treatment based on an understanding of the values and 
goals of care the patient and family are using to make their choices.

A decision is not autonomous unless it is informed, uncoerced, and authentic. We would caution, however, that it can be tempting to conclude that the reason that a patient refuses our recommendation is because of a knowledge deficit, which 
we often try to fix by providing more knowledge. In fact, the refusal is often fully informed and represents a difference in values regarding the degree of risk and the potential to improve the patient's well-being. This places on the HCP the 
obligation to assess the patient's understanding of their circumstances and the rationale for the choice, as well as to offer additional information to the patient in a manner in which it is likely to be heard. In some sense, this may mean that we 
have to let go of our own agendas and recommendations, strive to understand "where the patient is" in regard to their illness and life, and truly meet their there by accepting the decision once we are reassured that the patient has what 
information, emotional and spiritual support, time, and "space" they need to make a decision.

In the course of caring for patients, differences of opinion, if not conflict, sometimes occur. Respecting another person does not mean that we must agree with their decisions, or even that we must like the person. Rather, respect requires a 
conscious and conscientious intention to understand, appreciate, and honor the choices, preferences, perspectives, and diversity of each person. It is usually easy to respect a patient whose wishes are in agreement with our recommendations. 
On the other hand, it can be challenging to respect a patient whose decision is not to proceed with a therapy or intervention that has been recommended with the belief that it is beneficial to the patient, or a patient who wishes to continue 
curative interventions when the HCPs believe that palliative interventions should predominate. In some circumstances, such decisions may even feel to the HCPs as if the patient is not respecting their expertise or desire to promote the 
patient's health and
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well-being, but truth be told, it's rarely about us. In most circumstances, the patient's decision is appropriately centered on the self and based more on reflection of their own experience with the illness and its treatments, as well as the patient's 
judgment (with rational and emotional components) regarding the benefits and burdens of the proposed therapy in the context of their goals of care.

Balancing the Benefits and Burdens of Interventions

Few medical interventions are purely beneficial. Most offer patients both potential benefit as well as potential burdens, such as pain, invasiveness, and additional physical, psychological, or spiritual burdens. The threshold for tolerating the 
burdens of certain therapies may change as the goals of care change, depending on the patient's responses, including physiological, emotional, and spiritual responses. For example, patients, family, and HCPs may be willing to tolerate the 
adverse effects of chemotherapy when cure is possible, but in the context of recurrence or inadequate response to therapy, the same burdens may no longer be acceptable and would be considered unjustified. Therefore, benefits and burdens 
must be weighed against one another in a constant or frequently iterative process involving patient, family, and HCPs. This approach is often described as a shared decision-making model.

Decision-making is generally easier when the benefits of the intervention far outweigh the burdens, and it becomes more complicated when the chance of a favorable outcome is less certain or expected to be of marginal usefulness, or when 
the nature or degree of the burden is disproportionately high. This unfavorable benefit/burden balance usually emerges as a disease progresses toward its terminal phase.

Even under the best circumstances, decisions regarding treatment occur under conditions of uncertainty because no outcome can ever be promised—only a range of potential outcomes and their likelihood can be described. If the diagnosis, 
complicating factors, or prognosis are unclear, there is additional uncertainty and less ability to predict the disease trajectory. Sometimes this motivates HCPs, patients, and family to pursue additional diagnostic studies or innovative 

 



Figure 18-1 This approach of palliative care often results in the patient receiving palliative care too late in the illness. 

 

Figure 18-2 This approach of palliative care is more ideal than the one depicted in Figure 18-1 because it integrates palliative care and curative/restorative care at the outset of the patient's illness. 
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Chapter 19 - GRAPHICS AND DIGITAL IMAGING FOR OTOLARYNGOLOGISTS

Lawrence R. Lustig 
Nikolas Blevins 

The ability to effectively represent visual information in novel and compelling ways has had tremendous impact in human history.[7] [8] [9] The recent emergence of the use of digital images has its history in traditional-media graphic arts, 
photography, and the digital computer revolution. The origin of representational drawing is said to date back to ancient Greece, when a silhouette shadow was traced and kept as a remembrance of a departing loved one ( Figure 19-1 ). 
Traditional media art was refined over time, becoming more capable of capturing the likeness of the subject. In 1839, William Henry Fox Talbot presented to the Royal Society his invention to capture images on specially treated paper. 
Photography was born, prompting painter Paul Delaroche to proclaim, "From this day on, painting is dead."[6] 

Today, the emergence of digital imaging may well present another similar revolutionary means of displaying visual information. In 1940, the world's first electronic computer, the Electronic Numeric Integrator and Computer (ENIAC) was 
developed. Not only did this give rise to the modern data processing industry, but it also was responsible for adding the term "computer" to our everyday lexicon. [7] One of the first digital images ever created ( Figure 19-2 ) was produced in 
the mid 1950s by Russell A. Kirsch. A photograph was scanned, stored in an early computer, and the results were displayed on an oscilloscope. Much like the evolution of traditional media, digital imaging techniques have evolved, only this 
evolution has occurred at a tremendously accelerated pace.

Computers have integrated themselves into the very fabric of our existence. Medicine is, of course, not immune to this transformation. Computer information technologies and digital multimedia have become integrally involved in the 
delivery of medicine, the education of our trainees, and in the management of the business of medicine. Within our own specialty, one simply needs to browse the otolaryngology journals or attend the annual meetings to see how computers 
have fundamentally altered the way we perform science and medicine. In addition to changing the way we practice our profession, computers have fundamentally altered the way we communicate our specialty—to our peers and our patients. 
Advances in computer hardware and software are increasingly allowing the "amateur" to create professional-appearing artwork, slides, and video. Digital presentations at national meetings are becoming increasingly common, and many 
physicians and scientists now render their own artwork for manuscripts, presentations, and patient education materials rather than rely on the professional medical artist or graphic designer.

The term "media" represents the myriad ways that we as humans communicate. From radio to newspapers to television, media is simply the agent of communication. The term "multimedia" has evolved from a variety of media disciplines. 
Nicholas Negroponte, a scientist at MIT's Media Laboratory, correctly predicted as early as 1978 the fusion of various media sources, including television broadcast, print publishing, and the computer industry.[1] Although historically this 
media type has remained in the "real world" of printed matter and broadcast television, recent developments in computer digitization, compression, and processing power have enabled the storage, retrieval, and manipulation of these media, 
including video, animation, text, and music, on everyday computers. The result has been the multimedia digital information technology revolution that is exploding around all of us.

The primary aims of this chapter are to introduce otolaryngologists to some of the fundamental aspects of digital imaging as they specifically apply to medicine. Multimedia in medicine can mean anything from adding a digitized CT scan to 
a discussion of a disease, to three-dimensional interactive temporal bone
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Figure 19-1 A detail from The Invention of Drawing, by Karl Freidrich Schinkel, 1830. Von-der-Heydt Museum, Wuppertal. Here, a shadow silhouette is traced with charcoal to serve as a remembrance of a departing loved one. Such a 
practice in ancient Greece is thought to represent the birth of representational drawing. (From Mitchell WJ: The reconfigured eye: visual truth in the post-photographic era, Cambridge, MA, The MIT Press, 1992.) 

 

Figure 19-2 One of the first digital images, created in the early 1950s by Russell A. Kirsch. The original photograph was scanned into an early digital computer, stored, and could be displayed on an oscilloscope. 

 

Figure 19-3 The effect of different spatial resolution on a digital image. Digital images are made up of discreet elements, known as "pixels." A, Image is composed of a 600 × 600 grid of pixels, whereas in B, the same subject is shown in a 
grid of 50 × 50 pixels. A distinct loss of information occurs as spatial resolution drops. Self Portrait with Bandaged Ear, Vincent Van Gogh, 1889, Courtauld Institute Gallery, London. 

 

Figure 19-4 The effect of different color resolution. A, In the image, each pixel is represented by 1 bit, making it either black or white. B, In the image, each pixel is represented by 2 bits, allowing each point to be represented by one of four 
shades from black to white. The more bits per pixel, the better the possible color resolution. Self Portrait with Bandaged Ear, Vincent Van Gogh, 1889, Courtauld Institute Gallery, London. 

 

Figure 19-5 Composition of a digital image. A, The final image represents a red piston prosthesis, a green t tube, and a blue tympanostomy tube sitting on a glass disk. The image is in 32-bit color, meaning it can be broken down into four 
independent 8-bit images, containing values for B, red, C, green, D, blue, and E, transparency (or alpha). The transparency channel shows how much a background image will show through. White is fully transparent, whereas black is fully 
solid. Although the image is gray scale, one can still understand the principles of red, green, blue, and transparency (alpha) channels that make up a final image. 



 

Figure 19-6 This image demonstrates the picture quality from a 35-mm color slide depicting a traumatic auricular hematoma. The 35-mm slide was scanned on a flatbed scanner with an optional transparency adapter at a resolution of 1200 
ppi. The image was converted to gray scale for printing. The final size of the gray-scale image was 2.9 MB, uncompressed. 

 

Figure 19-7 A comparison of image resolutions. The following image of a woman with auricular chondritis comes from scanning a color 35-mm slide on a standard flatbed scanner with a transparency adapter. Five different resolutions were 
used, including A, 1200 ppi, B, 600 ppi, C, 300 ppi, D, 150 ppi, E, 75 ppi. As can be seen, even a 75 ppi scan looks acceptable in the publication at the size shown on top. However, as the magnification increases (as shown below), 
differences become pronounced. A reasonable goal is to scan an image that will yield a spatial resolution of 300 dpi for the final desired size of the printed image. 

 

Figure 19-8 When scanning printed media, such as newspapers, books, or magazines, one will often see a repeating pattern in the digital image that was not seen in the original photograph. This is a by-product of the actual printing process. 
As a result, many scanners come with software that will eliminate this printed look, which uses a computer algorithm to "blur" the repeating pattern away. This figure is scanned directly from Whiting's The Modern Mastoid Operation 



(Philadelphia, P. Blakiston's Son & Co, 1905). A, In the original scan along the mastoid cortex, the repeating pattern of the print can be seen, particularly in C, the enlarged portion below. After applying the filter, the pattern largely 
disappears B, D, without noticeable loss of image quality. 

 

Figure 19-9 Photoshop navigation window with magnification. Within the program, an image may be displayed at various levels of magnification. The ability to efficiently navigate around an image is essential to use Photoshop effectively. 

 

Figure 19-10 Image resizing. The image size window will allow the spatial resolution of an image to be modified. A, The numbers represent the total number of pixels in the image in both width and height. B, The numbers represent the size 
that the image will appear when printed on paper. These only need to be altered if the image is to be printed from Photoshop. C, By checking "Constrain Proportions" the ratio of height to width is fixed, preventing distortion of the image by 
stretching or compressing. D, By checking "Resample Image" the total number of pixels in A can be altered. If unchecked, the total number of pixels, and therefore image file size, remains fixed. 

 

Figure 19-11 Cleaning scanned images in Photoshop. Contrast and brightness can be fine tuned with Photoshop's "Adjust levels" command. The histogram shows the frequency of pixels of a given brightness from black to white. The small 
triangles below the histogram can be moved to interactively change the bright, dark, and mid-tones. This is a useful way of adjusting scans that are either too dark or light to show the necessary details. 



 

Figure 19-12 The use of Photoshop's Layers to label a CT scan. The layers used to form the composite image (right) are shown in the "Layers Palate" (left). A, Each layer contains an independent element of the final image (text, arrow, 
background) and can be moved, changed, or deleted without affecting the other layers. B, Each layer can either be hidden or viewed by clicking its associated "eye" icon. 

 

Figure 19-13 Freehand tools. A number of digital painting tools are available within Photoshop. Each tool can be modified so that a particular look can be achieved. 

 

TABLE 19-1 -- A COMPARISON OF FILE FORMATS

Desired properties TIFF PNG JPEG JPEG BMP PCX PICT GIF

 (LOW COMPRESSION) (HIGH COMPRESSION)

Master archive file ++ ++ + 0 + + + 0

Photographs ++ ++ ++ ++ ++ ++ ++ +

Line drawings ++ ++ + 0 + + ++ +



Files containing text ++ ++ + 0 + + + +

Greatest compression 0 + + ++ 0 + 0 ++

Maximum compatibility ++ ++ + + 0 0 0 +

Lossy 0 0 ++ ++ 0 0 0 ++

Lossless ++ ++ 0 0 ++ ++ ++ 0

Internet/WWW + + ++ ++ 0 0 0 ++

"++" = A highly desirable digital file format for the property listed. "+" = An acceptable choice for the listed property. "0" = This file type is the least desirable for the property listed. Lossy files lose data each time the file is saved, though 
this difference may not be noticeable. Lossless files maintain the integrity of the file during saving and archiving.
 
and that the rectangle is black, you could imagine the identical image could be recreated from only a few dozen bytes of information. This is the idea behind image compression, and it can be very helpful in managing digital media.

Image compression does not come without a price. Compression schemes may not store all of the information from the original uncompressed data, resulting in some loss of fidelity. These types of file formats are termed "lossy" compression 
formats. In contrast, "lossless" file formats compress file types without losing any fidelity. As can be expected, lossy formats generally achieve a higher degree of compression than lossless ones, at the expense of file size.

Fortunately, nearly every graphics program gives the user the option of one of a number of formats in which to save a file. The four most common graphic file formats in general use today, are TIFF, JPEG, GIF, and PNG. Each of these file 
formats has several distinct features. Which file type chosen for each image should ultimately depend on the intended use of the digitized file. The following discussion will focus on only the most commonly used formats. A direct 
comparison of these file formats is shown ( Table 19-1 and Table 19-2 ).

GIF

The GIF (graphic interchange format) format was originally developed by CompuServe in 1987 and later modified to include such features as transparency and animation. This compact file format is ideal for graphics that use only a few 
colors and remains a popular format for online photographs. GIF images are limited to 256 colors and can be reasonably compressed.[3] However, the GIF format has recently lost popularity
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TABLE 19-2 -- REPRESENTATIVE COMPRESSION SCHEMES

File type Original TIFF TIFF (+LZW) PNG PNG (75%)
JPG at 100% 
(high quality)

JPG at 75% 
(medium quality)

JPG at 25% 
(low quality) BMP PCX GIF

File size (KB) 10,900 10,800 247 64 44 252 27 16 10,800 352 5

Adapted from Fulton W: http://www.scantips.com/.

A digital image with dimensions 7 in × 6 in (2100 × 1800 pixels) with 300-dpi resolution was saved in several file formats to compare ultimate file size. All compressions were performed in Adobe Photoshop 5.5. A comparison of file sizes 
shows the large discrepancy between compression schemes.
 
to JPEG, because JPEG files can contain up to 24-bit color and, as a result, handle photographs with truer color fidelity.

JPEG

JPEG stands for the "Joint Photographic Experts Group," experts that have been nominated by national standards bodies and industry representatives to work to produce standards for continuous-tone image coding. JPEG was designed for 
maximum compression of full-color or gray-scale photographs, artwork, and similar "real-world" images. Because of the method it uses to compress images, JPEG works less well for text and lettering, simple cartoons, and line drawings. 
JPEG is "lossy," meaning that during compression, a computer algorithm may lose some of the data embedded in the picture. However, because JPEG is designed to exploit known limitations of the human eye, taking advantage of the fact 
that small color changes are perceived less accurately than small changes in brightness, this is difficult to notice in many compressed files.

A useful property of JPEG is that the user can select the amount of compression desired. In other words, the user can decide on the ratio of the file size against output image quality in the compressed image. Thus, extremely small files can be 
created if one does not mind poor quality (for example, to post on a web page). Alternately, minimal compression can be selected, maintaining maximum image quality, although ending up with a larger file size (although still compressed, 
and still lossy). Because of the increasing prevalence of more powerful computers, JPEG is increasingly being used over GIF images, despite the fact that the image sizes are slightly larger. Because JPEG uses a lossy compression, every time 
the file is saved, a little more quality is lost. Therefore, most graphics artists do not recommend JPEG as an appropriate format for archiving or storing a master copy of an important image.

When creating a JPEG file in digital image manipulation software, one must select to save the image as a JPEG (or JPG) file. During the saving process, the user will be queried on the quality of the image to be saved or the compression level 
desired, depending on the specific program being used. The higher the quality level selected, the smaller the compression that will take place and vice versa. A good balance between size and image quality can typically be achieved with 
JPEG compressions in the 75% to 80% range. The user is strongly encouraged to experiment with different compression ratios, then examine the compressed image under high magnification to determine which is best for his purposes. In 
particular, one should pay special attention to sharply contrasted edges, such as with text letters and graphic art, because this is where JPEG compression has the most difficult time.[3] 

PICT

PICT is the native graphics format used by the Macintosh Operating System (Apple Computers Inc, Cupertino, Ca). PICT is used in page layout and graphics programs and is lossless (no loss of data with compression). Because PICT is not 



readily suitable for exchange with Windows programs, one of its chief disadvantages in our Windows-dominated world, the authors use PICT files infrequently, despite the fact that both authors use Macintosh computers regularly.

TIFF

Tagged image file format (TIFF) files are one of the most popular and flexible of the current public domain file formats. It is the most universal format, and nearly every program on any computer will be able to read it. Because TIFF was 
designed by developers of printers, scanners, and monitors, it tends to integrate with these peripherals very well. Furthermore, because TIFF is lossless and loses no data with compression, it is ideal for archiving and storing master copies of 
images. However, as can be expected, file
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sizes with TIFF images are larger than comparable JPEG files, albeit with better quality images. TIFF can also incorporate additional compression (termed "LZW" compression) if desired.

PNG

Portable network graphics (PNG files, pronounced "ping"), is a newer file format that was originally intended to be the replacement for the GIF standard because of GIF's color limitations and some other patent problems. PNG supports up to 
48-bit color and has reportedly excellent lossless compression. PNG compresses files by use of methods similar to the windows compression program PKZIP and also incorporates special preprocessing filters that improve its compression 
efficiency. These features reportedly allow PNG to achieve better compression than a comparable TIFF file by approximately 30%.[3] Most graphics applications can read the PNG format, so compatibility is currently not an issue.

BMP

BMP (Windows bit map) is another lossless compression scheme like TIFF and PNG. BMP will handle 24-bit images, but these images cannot be compressed by use of a BMP format, one of its chief limitations. BMP can compress 8-bit 
images but tends to be less effective with photographic images. BMP files are generally not used outside of Windows-based systems, and thus compatibility is a potential limitation of this file type.

PCX

The PCX (Windows PaintBrush) format is mentioned, because many Windows-based systems use this format. PCX is lossless like BMP, TIFF, and PNG. Like BMP images, the PCX format is generally not used except in the Windows 
operating system, raising potential compatibility difficulties, particularly for those who also use Macintosh computers. Furthermore, the amount of compression that the PCX format generates is limited.

CONNECTIVITY: SCSI, USB, AND FIREWIRE

The recurrent theme of computer speed throughout this chapter brings up an often overlooked aspect of the way computers "talk" to their peripheral devices such as external hard drives, scanners, or digital cameras. Depending on the type of 
connection a peripheral has with the main computer, download/upload speeds may be dramatically different. Furthermore, connectivity problems are a significant source of computer malfunction. It is hoped that the following brief review 
will clarify some of the central issues in computer connectivity.

SCSI Connections

Macintosh computers have traditionally attached their peripherals to the computer using a SCSI (Small Computer System Interface, pronounced "scuzzi") port. With this system, one can connect several peripherals in a "chain." This makes 
adding devices to your computer easy; you merely add to the chain. SCSI was standard in most Macintosh computers and more recent Windows machines. In contrast, the PC world uses special connections for hard drives (IDE, EIDE, 
ESDI), but they are not typically used for connecting peripheral devices such as scanners to the computer.

Initially, there was a single type of SCSI connection; there are now several SCSI standards. The original configuration was able to manage seven peripherals, each with its own unique identification number ("ID," numbered 0 through 6, with 
7 reserved for the SCSI control board itself). The newer "wide" SCSI bus can handle 15 peripherals. Because these SCSI systems can be significantly faster than the standard connections found in many Windows-based machines, many PCs 
have been moving toward SCSI-type connectivity.

However, there are potential problems with SCSI connections. First, each SCSI device has to have its own unique SCSI identification number assigned; giving two peripherals the same SCSI identification number may crash the computer. 
Second, the last device on the SCSI chain must be "terminated." This is done by either flipping a "terminate" switch on the last device, if it has one, or by connecting a special "terminator" plug to the last device. Third, the chain cannot be 
longer than 6 m (19.69 feet), according to the SCSI specifications. Although that may seem like plenty of distance, if one has several peripheral devices, such as a scanner, removable disk drive, and external hard drive, the distance suddenly 
is not so long. Finally, one cannot add or remove SCSI devices without turning off the computer. Additional information on SCSI connectivity can be found on the official SCSI web site: http://www.paralan.com/glos.html.

Universal Serial Bus

Universal Serial Bus (USB) is the latest answer to the difficulties encountered by SCSI connections, as described previously, and is becoming standard in nearly all newer computers (Macintosh and Windows-based PCs). Foremost, USB 
connections allow the user to easily add external peripherals to the computer by simply plugging in the small, rectangular shaped connector into a USB port. USB can also support up to 127 devices by means of hubs or daisy chaining 
(plugging one device into another) at speeds of up to 12 MB per second, which is 10 times faster than
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traditional ports, although still somewhat slower than SCSI connections. One can also insert and remove USB devices while the computer is running (the so-called "plug-and-play" or "hot-swappable" feature). Virtually all peripheral 
computer devices sold today have optional USB connections, including mice, joy-sticks, keyboards, scanners, and digital video cameras.

FireWire



FireWire is a newer type of connectivity that was developed by Apple computer. It is also known as IEE1394 or i.Link on other platforms. It allows much higher speed data transfer than SCSI and USB. Like USB, it is "hot swappable," 
meaning one can simply plug in a FireWire device (such as a digital video camera, hard drive, Zip drive, scanner) while a computer is running and not have to shutdown and reboot the computer to access the device. Like USB, multiple 
FireWire devices (≤63) can be connected together in a chain, and there are no SCSI limitations or device IDs.

FireWire has become a favorite of the digital graphics and video crowd, primarily because of the very high rates of data transmission it allows, along with ability to incorporate many peripheral devices. Many new computers are able to 
accept FireWire devices. Older Macintosh computers (desktops and portable) and PC machines can easily be upgraded to accept FireWire devices with either a PCI card (Peripheral Component Interconnect, a local bus standard developed by 
Intel Corporation, standard on most desktop computers) or PCMCIA card (Personal Computer Memory Card International Association, now standard on most laptop computers). If one is considering digital video, we would strongly 
recommend looking further into FireWire technology, because most new devices will use this. For more information on FireWire technology, the reader is referred to Apple's web site: www.apple.com/firewire.

DIGITAL VIDEO—WHAT THE AMATEUR SHOULD KNOW

By now, most otolaryngologists have been to a meeting and have seen the advantages of a digitized video being seamlessly integrated into a digital slide presentation. Some may be further tempted to incorporate video into their own 
presentations. However, before considering taking this step, one should be warned: it can be time consuming, expensive, and complicated. However, there is no doubt that the ability to incorporate video into a presentation can take one's 
lectures to the next level, without worrying about switching back and forth between a videocassette player and a slide presentation. This is a wonderful example of how digital multimedia can be fully taken advantage of by the clinician.

Video and animations are a sequence of still images. When presented quickly enough, the human eye perceives these images to be in smooth motion through a phenomenon known as "persistence of vision." Therefore, the same consideration 
of spatial and color resolution apply to video as they do to still images. In addition, there is the significant consideration of "temporal resolution," or how many images are presented in a given time. In standard video format, the image size is 
best represented as a 720 × 486 grid with 24-bit color presented at 30 frames per second. Then, one also needs to consider the addition of synchronized sound to this. It is not surprising that computer resources are used quite rapidly in trying 
to capture and display this type of data. Fortunately, all these factors can be compressed, similar to methods used for still images, making the job potentially more manageable.

To begin with, one needs to understand some of the video formats that exist. The video source can be either a live video camera or video tape (analog or digital). Composite video gets its name from the fact that it delivers the luminance (Y) 
factor of a video image and the chrominance (C) factor as a "composite" of the two. Typically, the output from a standard VHS player (like the one in your home) will be a composite (or YC) signal. In contrast, S-video (S = separate) delivers 
video by separating the luminance from the chrominance, which achieves a higher resolution. RGB (Red Green Blue) delivers video in terms of a mix of the red, green, and blue portions of the visible light spectrum (see discussion earlier of 
color theory). Of the video formats, RGB video gives the best quality.[4] 

Video formats are now divided into the older analog standards, which save the information as waveforms, and the newer digital video (DV) standards (by analogy, music records are analog, whereas music CDs are digital). Several common 
analog formats of video exist. The Beta format, developed by Sony, is still the most commonly used broadcast standard because of the excellent quality it delivers. Hi-8, also developed by Sony, is a smaller format that offers improved 
quality. Several Hi-8 video cameras are on the market. However, Hi-8 has largely been eclipsed by DV formats. S-VHS, commonly used in the past for educational and industrial use, is another good-quality format. Last, the VHS format is 
perhaps most known to the amateur, because it is used by almost all home video players. VHS has intermediate quality but is not recommended as a source for compressed digital video.

Video Capture

Capturing video can be one of the most challenging aspects of working with video, primarily because of the huge amount of data that needs to be processed.

495

For example, if you want to capture uncompressed video at 640 × 480 screen size (a typical size) in true 24-bit color (see bit discussion), you will be loading approximately 23 MB per second, or 1.5 GB per minute, onto your hard drive! It 
does not take long to realize that this amount of data will quickly use up even the largest hard drives in very little time. As a result of this huge data stream, most video capture techniques compress the video as it arrives in your desktop 
computer (this is usually taken care of by the video capture board).

Therefore, to capture from an analog or DV video source, one will need a capture card and a very large (at least 40 GB) hard drive capable of a high (at least 3 MB/s) sustained data rate. If it is not obvious by now, the discussion of 
maximizing computer speed and memory storage at the beginning of this chapter takes on critical importance during these steps. In addition, one often would like to see the video as it is being downloaded onto the computer. Because most 
standard video capture cards will not enable this, one may also need an additional overlay card or an external monitor if the card does not allow viewing the source while you are capturing. As this discussion is alluding to, "getting into 
video" can be an expensive proposition.

When considering what type of video card to get, there are several features one should be examining. One key feature is compression ratios; a lower compression ratio should be sought (e.g., 3:1), because these generally provide better 
quality video. One should also check whether the card will capture at a full screen size or a reduced size. In addition, one should find out whether the video card also captures sound or whether a separate sound card will be required. Cards 
use proprietary compression algorithms so capture quality does vary between cards. Most cards will accept YC or S-video input, whereas higher end cards will accept the higher quality RGB (such as the output from a three chip camera, 
where the red, green, and blue video outputs are separate). Another unfortunate feature of most capture boards is that they use their own proprietary programming code. This means that you need to have a similar board installed in any 
computer on which you want to play back the captured, uncompressed video.[4] 

Most analog boards compress video by use of M-JPEG (also known as MPEG), which effectively produces a video stream composed of a number of still JPEG compressed images. Compression can range from 3:1 to 200:1. These 
compression ratios take a potentially huge video file and make it manageable. However, as with digital pictures, a higher compression ratio will degrade the quality of the video sequence.

As a general principle, to get the highest quality video always capture at the highest rate that your hardware will support. Of course, this means that you will need a very fast and large hard drive, together with a suitably fast SCSI, USB, or 
FireWire connection. A slow hard drive may "drop" or skip incoming video images, giving a punctuated or skipped video look.[4] 

Video Editing

Once video has been captured, video editing takes over. Like manipulation of images within computer graphics software, video-editing software can be time consuming but immensely enjoyable once the learning curve has been surmounted. 



Fortunately, there are several software packages available to allow the amateur to edit on the computer. A discussion of their attributes is beyond the scope of this chapter, of course, and the reader is encouraged to visit corporate or 
independent web sites or a local computer supplier.

Once a video is produced, importing it into one of the commercially available slide presentation software programs is as easy as importing digital images. However, in contrast to digital images that are embedded in the slide file itself (and 
hence can "travel" with the file), only the location of a video image is incorporated into a slide; the actual video must be on the same computer as the slide file, so the software can find the video. Thus, when copying or transferring a digital 
slide presentation with embedded video, one must be sure to also copy all relevant video files.

CONCLUSIONS

The new millennium has presented vast new possibilities for multimedia creation. What was unthinkable for all but the most sophisticated supercomputers 20 years ago is now readily accomplished on most household PCs. Advancements in 
both computer hardware and software design will increasingly enable clinicians, even those with only rudimentary computer skills, to create fantastic documents, videos, and multimedia presentations. All it takes is the desire to make the 
"digital leap." It is hoped that the suggestions, tips, and recommendations offered in this chapter will provide the motivation to those sitting on the bench, waiting to enter the digital multimedia world. After all, it is those of us in the 
audience, on the wards, or in the examination room that will ultimately benefit from your efforts.
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Chapter 20 - MEDICAL INFORMATICS AND TELEMEDICINE

David Goldenberg 
Marion Couch 

INTRODUCTION

"If physiology literally means 'the logic of life,' and pathology is 'the logic of disease,' then medical informatics is the logic of healthcare." [14] 

Medical informatics is a dynamic field involved with using technology and information systems to promote improved organization, management, financial analysis, security, and use of information in health care. And there are multiple levels 
of information systems in health care: 

• Individual level: patient care decisions, physician practices, etc.
• Institutional level: institutional databases, hospital services, hospital records, etc.
• Social level: organization, finance, global management, etc.[20] 



Medical informatics applies information technology to all aspects of medicine—medical research, medical education, and patient care. Broadly speaking, medical informatics has helped to develop global online communities of physicians 
and patients by encouraging the sharing and use of information to deliver health care and promote health. Physician-oriented Web portals tend to facilitate professional collaboration and enhance physician expertise, with the goal of raising 
the level of patient care. Challenging issues in medicine, such as improving patient care and safety, training physicians, and certifying physician competency, are being addressed with information technology systems. For instance, the 
development of common technology standards to allow the exchange of information among electronic health records, pharmacies, clinical laboratories, and medical devices can potentially result in reduced errors, saving patients' lives. The U.
S. Departments of Health and Human Services, Defense, and Veterans Affairs have all endorsed the use of common standards in an effort to link vital databases together. But what comprises medical data?

MEDICAL DATA

Medical datum is defined as any single observation of a patient. A single medical datum can be defined by any of the following four elements: 

• The patient (e.g., Mr. Smith).
• The parameter being observed (e.g., hemoglobin values).
• The parameter value (e.g., temperature of 100°C; profession is opera singer).
• The time of observation (e.g., 1:45 AM on 18 May 2004).

Much of health care activity actually involves the gathering, analysis, or use of this data. It has been estimated that 38% of a physician's time and 50% of a nurse's time is spent recording data in medical charts.[36] Not only the data itself, but 
also the circumstances under which it was obtained, are crucial to its interpretation. In other words, observation, even by the most skilled physician, cannot be accepted with absolute certainty. This leads to the issue of uncertainty in the 
values of medical data.

TYPES OF MEDICAL DATA

There is a broad range of medical data used in the practice of health care.[51] Narrative data, a large component of health care information, includes a patient's description of present symptoms and his or her responses to the physician's 
questions. This form of data may be handwritten by the physician in the patient's medical record, dictated, or entered directly into an electronic patient record (EPR). Often this form of data is written in cryptic shorthand and jargon known 
only to health care workers (e.g., "UPPP" in place of "uvulopharyngopalatoplasty").
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Much of the data used in medicine takes on numeric values. This includes parameters such as vital signs and laboratory test values. The interpretation of certain numeric data, however, raises the issue of precision (i.e., how accurate is the 
physician's measurement of the progress of a rash?).

Data in the form of signals or tracings are very important.[51] Some of these signals are continuous, whereas others are static. The most well-known example of a contiguous signal would be an electrocardiogram. Static signal tracings include 
an audiogram or tympanometry.

Visual images are also a crucial type of medical data. This form of data is used because it is more precise and easier to convey to others than a textual description. Important examples of machine-generated visual data are radiologic images, 
digital images, and videos. These are being used by an increasing number of surgeons either for medical education or for documentation.

COMMON SET OF HEALTH CARE TECHNOLOGY STANDARDS

Documented agreements containing technical specifications that are used consistently as rules or guidelines facilitate the sharing of data between organizations and their data banks. Why is this important in medical informatics? Using the 
example of health education, it is clear that many shareholders in health care are involved: physician educators, publishers of content, government, health care technology vendors, learning technology vendors, industry, medical associations. 
Without the ability to leverage technology and share information, the complex effort of educating health care professionals will be unduly expensive and redundant. Therefore, standards for health education may include specifications for: 

• Professional (health care worker or physician) profiles.
• Educational modules.
• Reporting educational/certification activities.
• Publishing content.
• Electronic medical curricula.
• Search mechanisms.
• Journal articles.

So, standards can be defined as a set of rules and definitions that specify how to carry out a process to make the process work more efficiently.[51] They are necessary when the potential for excess diversity impedes effectiveness. In health 
care, another reason for the need of standards is so that individuals, providers, and health plans can be recognized across systems. Advocates of clinical standards believe that a single format for building medical records and transmitting 
health care data would allow for sharing of information, especially when combating threats to public health. In informatics, standards are often developed by organizations that require a standard to carry out their principle function or by 
coalitions formed specifically to develop particular standards ( Box 20-1 ).

EXCHANGING DATA/PATIENT INFORMATION

The Patient Record

Paper medical records (patient chart or medical record) are familiar to all users, but there are limitations involved with this method. It has been estimated
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that 10% of information traditionally found in the paper record cannot be located, and 11% of laboratory tests are duplicated because the original data cannot be found. [36] Unlike loose sheets of paper, the digital information in an EPR is 
captured in a structured format that allows for greater accessibility and understanding of health conditions and medications. The EPR (also referred to as an electronic medical record [EMR]) is an electronically maintained repository of 
information regarding a person's lifetime health care, stored so that it is available to multiple legitimate users of the record. An EPR system adds information management tools to provide reminders and alerts, knowledge source linkages, 
specialized medical decision support, and analysis of aggregated data. This system provides not only safe storage for a patient's records but also computer-enhanced tools to help organize, interpret, and react to the medical data stored within; 
therefore, an EPR is not simply an electronic version of the paper medical record. It should be flexible and adaptable. Integrated access to all patients' data is one of the primary purposes of the EPR. The growing amount of data per patient 
from different sources (e.g., laboratories, imaging facilities, pharmacy outlets) make this task increasingly more complex.

 
 

Box 20-1. STANDARDS ORGANIZATIONS IN HEALTH CARE

Advanced Distributed Learning (ADL): An initiative funded by the U.S. Department of Defense to research and 
improve efficacy of online learning. Unifies best solutions by standards groups. A software model called Sharable 
Content Object Reference Model (SCORM) allows content to be shared across systems. 
 
National Council on Prescription Drug Programs Script (NCPDP): An HIPAA-approved format for sending 
prescription information between prescribers and pharmacies. 
 
International Organization for Standardization (ISO): A network of national standards institutes from 145 
countries. Its goal is to promote the international exchange of services and information. 
 
Institute of Electrical and Electronics Engineers (IEEE): Sets standards to allow medical devices (e.g., ventilators, 
monitors) to transmit data to information systems. 
 
Logical Observation Identifier Name Codes (LOINC): A standardized format for laboratory data that allows for 
the exchange of test results. 
 
Health Level 7 (HL7): The goal of HL7 is to provide a standard for the exchange of medical data among hospital 
computer applications such as scheduling, order entry, and documentation of patient care. HL7 is a protocol that 
is used to allow medical computers from different vendors to communicate with each other. 
 
Digital Imaging and Communications in Medicine (DICOM): DICOM is an application layer network protocol 
for the transmission of medical images, waveforms, and ancillary information. It is controlled by the DICOM 
Standards Committee and is a format for retrieving information from medical imaging equipment to transfer it to 
physician computers or to storage systems. 
 
Connecting for Health: Coalition of 90 or so health care organizations supporting the widespread adoption of 
clinical standards. 
 

 
 
Some fundamental EPR issues include clinical decision support, clinical order entry, and knowledge resources. Decision support systems may be an added adjunct to the EPR to indicate the best or most cost-effective options for further 
investigation and management, or to provide specific knowledge from the medical literature. These systems have a lot to offer in quality assurance and cost containment.

The online entry of orders for medications, tests, and procedures in a medical center or health care information system is known as order entry. Since one of the goals of any EPR is to assist clinicians in making decisions, the system should 
present relevant information at the time of order entry. Many queries of knowledge resources are conducted in the context of a specific patient, so the most effective time to provide access to knowledge resources is at the time a decision or 
order is being contemplated[15] ( Figure 20-1 ). The EPR linked to knowledge resources can help a clinician decide whether a referral is appropriate and which tests are necessary to expedite the consultation process.[56] It may be possible to link 
continuing medical education to EPRs in a way that offers just-in-time learning with accreditation awarded to the physician or health care professional ( Figure 20-2 ). Other fundamental issues for the EPR system are data entry and capture, 
error prevention, data display, query and surveillance systems, research, and administration.[56] 

 
Figure 20-1 The electronic medical record can be used to effectively access evidence-based information at the point of care. Adapted from MedBiquitous. 



 

Figure 20-2 The electronic medical record can link health care professionals to decision-making information tools and opportunities for continuing medical education accreditation. Adapted from MedBiquitous. 

 
 

Box 20-2. FOUR PRIMARY OBJECTIVES OF HIPAA LEGISLATION

1.  To ensure health insurance portability by eliminating job-lock due to preexisting medical conditions
2.  To reduce health care fraud and abuse
3.  To enforce standards for health information
4.  To guarantee security and privacy of health information

 
 
HEALTH INFORMATION

Until recently, the physician was the most authoritative source of medical information. Today, the layman has access to a wide variety and quality of medical information via the Internet.[33] Fifty-two million American adults, or 55% of 
Americans with Internet access, have used the Web to get health or medical information. Fifty-five percent gather information on the Internet before visiting a physician.[33] Others see the Web as a good way to get a second opinion.

A study released by the American Medical Association revealed that almost half of physicians feel that the Internet has had a major impact on the way they practice medicine.[3] In 2002, two-thirds of online physicians accessed the Internet 
daily. Although there is still a trend for younger physicians to use the Internet more than older physicians, the percentage of older physicians using the Internet increased rapidly from the previous year. In 2001, 65% of physicians 60 years of 
age or older used the Internet.[3] It is not surprising that the Internet, and the enormous amount of health information available to the patient, have had a profound effect on patient's attitudes toward health care and on the patient-physician 
relationship. The age of information has empowered not only doctors but patients as well.

Validity of Health Information on the Web

There are a rapidly expanding number of Web sites offering health-related resources. Many sites provide reliable and valuable information, whereas others may have information that is misleading or incorrect. Much of the health information 
is copied from other sites and may be invalid and "rehashed." If the information is not original to that site, the original source should be clearly labeled. Medical facts and figures should have references, and opinions should be separated from 
information that is evidence-based. Web sites should be revised and updated on a regular basis. The source of a site's financial backing should be apparent because it can affect and possibly bias the content.

Search Engines

A search engine is a server or a collection of servers dedicated to indexing Web pages, storing the results and returning lists of pages that match particular
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queries. Some of the major search engines are Altavista, Excite, Hotbot, Infoseek, Lycos, Northern Light, and Webcrawler. Crawler-based search engines, such as Google, create their listings automatically.

The term search engine is often used generically to describe both crawler-based search engines and directories, even though these two types of search engines gather their listings in very different ways. Sites such as Yahoo are directories, 
not search engines. Directories or indexes are compiled manually, by user submission, and often involve an editorial selection and a categorization process.[52] 

There are also two other categories of search engines: "meta" and "special interest." Meta search engines search other search engines and delete the duplicates. Special interest search engines, for example, the Internet Medical Database, 
search only special categories. It would be easier to find information on otitis media there than using Yahoo.[52] Each engine or directory has its strengths and weaknesses. Characteristics worth noting are search speed, how often the database 
is updated, and a site's "confidence rating" (a percentage grade given to its results).[50] 

Literature Search

A literature search is a systematic and explicit approach to the identification, retrieval, and bibliographic management of independent studies.[5] The ability to perform a literature search is a necessary skill for both the researcher and the 
practitioner.

Computer usage has revolutionized the act of searching medical literature for research questions and determining the standard of care for practitioners. A proper literature search allows one to systematically gather together, critically appraise, 
and summarize research findings relating to a particular subject of interest. Until recently, literature searches were only performed by trained medical librarians. But there is in an ever increasing number of physicians performing their own 
searches. [23] Studies have shown that with a short period of training a clinician can attain a similar quality of search as a medical librarian. [23] [25] 

The quality of a literature search is traditionally assessed via search precision and recall.[34] Precision refers to the ratio of relevant citations retrieved to the total number of citations retrieved by a search. Recall refers to the ratio of relevant 
citations retrieved by a search to the actual number of relevant citations in the literature.[55] Exploring and selecting from the vast array of published information can be a time-consuming task, so it is important to know how to plan and carry 
out this work effectively. Regardless of which database is used, the researcher should take full advantage of the provided training materials to obtain the best possible search results. Many systems provide either a user manual or an online 
help feature.[55] A thorough and time-efficient search should systematically go through the stages of defining the topic and choosing a specific aspect, especially if the topic is large. This cannot be overstated because the success of the search 
process relies on accurate formulation of the search question. It is helpful to be familiar with a special list of terms called Medical Subject Headings, or MeSH. MeSH is the National Library of Medicine's (NLM's) controlled vocabulary 
thesaurus. It consists of sets of terms naming descriptors in a hierarchic structure that permits searching at various levels of specificity. Other issues that can help improve the accuracy of one's search include limitations of publication, type, 
date, range, and language, as well as monitoring the results of the search as it progresses.

Electronic Health Information Resources

The NLM maintains many databases, including MEDLINE. MEDLINE is a well-known database of journal citations that covers general medicine, nursing, dentistry, health care systems, and the clinical sciences. As of the year 2002, 
MEDLINE contained citations to over 11 million articles from over 46,000 biomedical journals from United States and 70 other countries, dating back as far as 1966. The NLM provides free, unlimited access to MEDLINE on the Internet 
through a search interface known as PubMed. Entrez is a powerful and flexible search engine used by PubMed. PubMed is constantly being improved and changed. A feature called "Linkout" has been designed and added to point to 
additional Web-accessible resources. There are also several commercially available MEDLINE interfaces such as the one maintained by Ovid Technologies (http://www.ovid.com).

There are a vast number of other important medical databases. One of these is the Cochrane library, a collection of research reviews on the effect of health care interventions. It also includes DARE, the Database of Abstracts of Reviews of 
Effectiveness.

The National Institutes of Health (NIH) and the National Cancer Institute both maintain their own Web sites specifically for clinical trials. MDConsult from Elsevier is a useful interface for accessing full-text medical books, journals, drug 
information, and clinical practice guidelines ( Box 20-3 ).

Electronic Health Information Resources in Otolaryngology

There are many otolaryngology resources available via the Internet. These include extensive Grand Rounds archives, lectures, and specialty publications. Many otolaryngology journals now provide online full-text access for subscribers. The 
American Academy of
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Otolaryngology-Head and Neck Surgery (AAO-HNS) Web site features online discussion boards, patient education materials, primary care educational materials, online directories for both members and the public, practice management 
information, annual meeting information and registration, and a vast array of links to other otolaryngologic resources.[33] There are also a number of e-mail discussion groups (e.g., OTOHNS, PEDI-OTO) that allow otolaryngologists from 
around the globe to discuss professional issues on a daily basis ( Box 20-4 ).

 
 



Box 20-3. GENERAL PROFESSIONAL MEDICAL INFORMATION AVAILABLE ONLINE

Cochrane library - www.update-software.com/cochrane 
 
PubMed through links at the NLM Web site - www.nlm.nih.gov 
 
PubMed directly - www.ncbi.nlm.nih.gov/entrez/query.fcgi 
 
Material published before the mid-1960s through OLDMEDLINE (available through the NLM gateway) - 
gateway.nlm.nih.gov/gw/Cmd 
 
Exerpta Medica's EMBASE (bibliographic database of 3500 journals; concentrates on drug information) - www.
embase.com 
 
MDConsult (Elsevier provides full-text access to approximately 40 medical textbooks, 50 medical journals, 
comprehensive drug information, and more than 600 clinical practice guidelines) - www.mdconsult.com 
 
Clinical trials through links at the NIH - www.clinicaltrials.gov 
 
National Cancer Institute - www.cancer.gov/cancer_information OR http://www.cancer.gov.proxy.hsclib.sunysb.
edu/ 
 
Scientific Information's Science Citation Index - www.isinet.com/isi/products/citation/sci/ 
 

 
 
Informatics in Medical and Surgical Education

In a recent landmark study by the Institute of Medicine entitled "Crossing the Quality Chasm," patient safety issues were exposed.[13] The solutions for change included a project on professional education. The rationale behind the project was 
that health care professionals need to be better prepared to provide the highest quality and safest care possible and to function at optimum levels in an ever-evolving and increasingly complex 21st century health system.[20] Many forces were 
seen to be acting on medical care, including the following[20] : 

• Scientific advances and new technology.
• Growing prevalence of chronic diseases.
• More reliance on teams in clinical care.
• Persistent economic exigencies.
• Legal and regulatory pressures.
• Professional discontent and shortages.
• Rising expectations for quality.
• Patient empowerment and interest group politics.

 
 

Box 20-4. OTOLARYNGOLOGY RESOURCES AVAILABLE ONLINE

Guide to Otolaryngology on the Internet - www.bcm.tmc.edu/oto/others.html 
 
Otolaryngology Grand Rounds (New York Eye and Ear Infirmary) - www.nyee.edu/page_deliv.html?page_no=46 
 
Otolaryngology Grand Rounds Overviews (Temple University School of Medicine) - flower.aud.temple.edu/ENT/
rounds/all.htm 
 
Otolaryngology Grand Rounds Presentations (University of Miami School of Medicine) - otolaryngology.med.
miami.edu/grandrounds.asp 
 
Dr. Quinn's Otolaryngology Grand Rounds Archive (University of Texas Medical Branch) - www.utmb.edu/otoref/
Grnds/GrndsIndex.html 
 
American Academy of Otolaryngology-Head and Neck Surgery - www.entlink.net OR www.entnet.org/ 
 
OTOHNS and PEDI-OTO e-mail discussion; to subscribe, send an e-mail request to rbk@otohns.net 



 
Baylor College of Medicine Otolaryngology Grand Rounds Archive - www.bcm.tmc.edu/oto/grand/grand.html 
 

 
 
The vision of the project is that all health care professionals will be educated to deliver patient-centered care as members of an interdisciplinary team, emphasizing evidence-based practice, quality improvement approaches, and informatics. It 
is clear that information technology is a crucial part of educating health care professionals. What are some of the trends in online or computer-based learning?

Reusable Learning Modules

To facilitate just-in-time learning, content is thought of as "chunks of information" or "learning objects" that can be aggregated and reassembled to create the modules, or lessons, that the user desires. Modules (lessons) can then be 
aggregated into courses, designed to deliver just the right information that the user needs, when it is needed ( Figure 20-3 ). If a standard format is used, the object-based content can be placed in a central repository and reused in other 
courses, saving resources and money.

Blended Learning

There is a growing trend toward blended learning, in which traditional learning is combined with online learning, or "eLearning." However, online learning will
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Figure 20-3 Information technology can be used to structure content into customized "learning objects" that can be aggregated and reassembled to facilitate just-in-time learning. Adapted from MedBiquitous. 
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systems are often incorporated in a hospital EPR. The primary requirement of a PACS is that it must acquire images in digital form either by primary digital acquisition or, less commonly, by digital scanning.[30] 

Imaging in Otolaryngology

The complex nature of the upper aerodigestive system, inner ear, and head and neck region combined with the surgical nature of the profession makes otolaryngology highly dependent on useful imaging. This includes x-ray images, whether 
simple sinus films or three-dimensional (3D) reconstructed computed tomography (CT) images, nuclear thyroid scans and ultrasounds, and endoscopic images. Certain imaging methods are quite unique to otolaryngology.

The video otoscope (VO) provides an optoelectronically enhanced field of view of the ear that can be shared with others. The basic VO system consists of an otoscope with removable otic speculum, color video camera, high-intensity light 
source, and a video display monitor. Videonystagmography (VNG) is often used in the evaluation of a patient who presents with vertigo and uses the vestibular-ocular reflex to indirectly measure vestibular function. VNG tests for nystagmus 
using infrared light and video technology to monitor eye movements during testing.

TELEMEDICINE

Telemedicine is defined as "the use of medical information exchanged from one site to another via electronic communication for health and education of the patient or health care provider and for the purpose of improving health care," [4] or 
simply "the use of telecommunications for medical diagnosis and patient care." Telemedicine is not a fad or a special area of medicine limited to fringe applications; it is rapidly becoming integrated into the practice of medicine. It holds the 
promise of improved health care accessibility, increased efficiency, and a more even distribution of specialized medical knowledge, especially in some remote rural, poor urban, and underserved environments.[8] [21] [37] An example of this is the 
Alaska Federal health care access network, where a small population is spread over a great distance. A high incidence of otitis media among the Alaskans has led to a sustained telehealth system. Health care professionals working with these 
conditions have developed a store-and-forward system using video otoscopic images. They have rendered more than 5000 store-and-forward consultations to 235 remote sites.



There is concern that telemedicine videoteleconferencing (VTC) consultations can be detrimental to doctor-patient interaction. Studies have shown that this is not the case. Telemedicine in fact represents a wider interaction system with more 
channels for access, inspection, and information and is perceived positively by most patients.[29] 

The use of imaging and the need for consultation in our field make telemedicine quite applicable to otolaryngology.[40] [41] [42] The exact number of active telemedicine programs in otolaryngology is unknown, but one source of data is the 
Telemedicine Information Exchange Web site,[57] which lists 18 active programs that support otolaryngology in their telemedicine program. There are at least eight other otolaryngology programs that are not listed on the exchange. There are a 
number of benefits resulting from widespread acceptance of telemedicine in the field of otolaryngology, as well as other medical specialties: reduced morbidity and mortality and medical costs due to early detection of serious pathology (in 
this case, head and neck cancers); reduced unnecessary referrals to specialists with consequent savings to the patient and health care provider; and more efficient usage of specialist time.[25] 

To date, telemedicine in head and neck oncology has been limited to remote tumor conferences and second opinions. In one study, the accuracy of such a conference was evaluated in a more objective fashion. The people attending the 
conference were asked to determine the tumor (TNM) classification and treatment. The patient was then presented in person to give the audience the opportunity to ask questions and perform a physical examination. In 91% of cases, the 
same classification and treatment plan were determined using the telemedicine simulation as in the subsequent face-to-face consultation. The researchers went on to study patient satisfaction with remote tumor conferences. Fifty-eight 
patients were presented to the regional tumor board via real-time telemedicine. They were compared with a group presented "face-to-face." The researchers found that patients presented by means of telemedicine were as satisfied as the 
patients presented face-to-face.[54] 

Heneghan and others[24] conducted fiberoptic examinations on randomly selected patients. This was done in real time using three integrate service digital network (ISDN) lines at 384 kbps. Their studies found 31 of 37 patients to have a 
detectable pathology while only six were deemed healthy. The study clearly showed how telemedicine can be used to save lives through early detection of serious pathology.[24] 

Telemedicine in otolaryngology has been used for rehabilitation purposes in a number of settings including vestibular dysfunction,[59] speech and voice therapy,[28] [32] dysphagia,[39] and rehabilitation after cochlear implantation.[22] (Many of these 
cited works are proof-of-concept studies and projects with no clinical efficacy studies to date. [11] )

Although telemedicine is used as an integrated tool during tumor conferences, the lack of palpation is a
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Figure 20-4 Haptic palpation of head and neck cancer patients. Panel one shows an axial CT scan with a left-sided mass. Panel two, viewed from lower left, shows a semi-transparency view; the tumor can be seen protruding from the left 
cheek abutting mandible. The SCM muscle is clearly viewed behind the mass. In panel three, the tumor model is visualized from the left; the haptic interface (PHANTOM desktop) is visualized as a circle and grip. From Stalfors J, Edström 
S, Björk-Ericsson, Mercke C and others: Accuracy of tele-oncology compared with face-to-face consultation in head and neck cancer case conferences. J Telemed Telecare 7(6):338–343, 2001. 

 
 

Box 20-5. BANDWIDTH AND TELECOMMUNICATION CONNECTIONS FOR TELEMEDICINE

Data transfer: Measured in bits-per-second (bps); kilobits-per-second (Kbps) or megabits-per-second (Mbps); 
56,000 bps = 56 Kbps; 1000 is often abbreviated to "K" as in "56 K" 
 
Plain Old Telephone Service (POTS): Basic telephone service over the public telephone network; analog; most 
widely available telecommunication technology; used for phones, faxes and modems; suitable for audio 
conferencing, store-and-forward, Internet, and low-bandwidth videophone conferencing; speed = 56 Kbps; video 
3 to 8 fps (compressed) 
 
Integrated Service Digital Network (ISDN): Switchable (i.e., can be dialed like a phone) ISDN can carry 
information five times faster than modem via POTS; digital, so same wires better signal; each ISDN line has a 
capacity of 128 K (video 16 to 20 fps [compressed]); ISDN lines can be "bonded" together; 3 × 128 K = 384 K 
(video 28 fps [compressed]) 
 
T1 & fractional T1: Dedicated from point-to-point 24 hours a day (always connected, no need to dial); transmits 
data at a rate of 1.54 megabits per second (mbps) (video 30 fps [compressed]); typically available in most parts of 
the country; possible to purchase a fraction of a T1 line—½ T1 (768 K) or ¼ T1 (384 K) available 
 
Internet-Based Telemedicine Connections: 
 
Digital subscriber lines (DSL): Always on; 300 to 600 Kbps upload speeds and up to 1500 Kbps download 
speeds 
 
Cable modem: Always on; speeds are not guaranteed, determined by how many users are connected on a stretch 
of cable at one time 



 
Satellite: Always on; high-speed internet access available virtually everywhere in the world; sensitive to certain 
weather conditions 
 

 
 
The interactive (real-time) consultation aims to re-create the situation in which the patient and the treating physician are both present. These consults can be performed with the patient accompanied by a preceptor (physician, physician's 
assistant, or registered nurse) who can carry out the necessary diagnostic procedures (e.g., otoscopic evaluation) after appropriate training. Interactive or real-time VTC is usually more complex technologically because of the dependence on 
strict scheduling for both parties. It is more expensive both in bandwidth and equipment.

The choice to use the store-and-forward vs the interactive method is based on a number of factors. The 

 
Figure 20-5 A video otoscopic examination used for store-and-forward telemedicine applications. (The authors acknowledge and thank Michael R Holtel, M.D., for kindly providing this photograph.) 
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Chapter 21 - AESTHETIC FACIAL ANALYSIS

Marc S. Zimbler 
Jongwook Ham 

INTRODUCTION

Throughout history mankind has tried to define beauty. Poets, philosophers, and artists have pondered its elusive quality while attempting to quantify that which is evident to all of us. As surgeons, however, we are required to have a more 
scientific approach to beauty to formulate operative plans with successful surgical outcomes. Common reference points are essential in communicating with colleagues and medical record keeping. Furthermore, we must be able to accurately 
define specific characteristics that deviate from the norm so that we may identify congenital anomalies and facial deformities.

As early as ancient Egypt, aesthetic facial proportions have been idealized in art. However, it was not until the Greek philosophers that the study of beauty became a formal discipline. To Plato and Aristotle beauty meant symmetry, harmony, 
and geometry. In the fifth century BC, the Greek sculptor Polyclitus defined perfect beauty as the mutual harmony of all parts, such that nothing could be added or subtracted. Such harmonic proportions were held to be beautiful in 
themselves, independent of any observer.

These ideas were later revisited by the Renaissance artists, who began to define ideal proportions for the human form. This example is nowhere more evident than in the drawings of Leonardo da Vinci and his Vitruvian man ( Figure 21-1 ). 
It was da Vinci, who, through the study of anatomy, formulated ideal facial proportions and divided the profile into equal thirds ( Figure 21-2 ). Leonardo's scientific accuracy rivaled that of Vesalius, whereas his artistic beauty remains 
unchallenged. Another Renaissance artist inspired by the Vitruvian notion of perfect proportions was the German printmaker Albrecht Durer. Durer used his own finger as a unit of measurement to construct a proportional system for the 
entire body, and in 1528 he published a four-book treatise on human proportions. Durer divided the facial profile into four equal parts and recognized that the length of the nose equals that of the ear.

The artistic cannons set forth in antiquity and during the Renaissance dominated Western art for centuries. In the twentieth century, anthropometrist Leslie Farkas[3] challenged the classical cannons by measuring the facial proportions of 200 
women, including 50 models. His results concluded that some of the cannons are nothing more than artistic idealizations. Nevertheless, although social and cultural factors influence every generation's concept of beauty, the aesthetic cannons 
have withstood the test of time. Currently, the parameters established in the facial plastic surgery literature are based predominately on the works of Powell and Humphreys, who in 1984 crystallized this topic into a single text Proportions of 
the Aesthetic Face.[7] 



ANATOMIC LANDMARKS AND REFERENCE POINTS

Facial analysis is dependent on both soft-tissue and skeletal anatomic landmarks. Soft-tissue reference points are listed in Figure 21-3 and Box 21-1 . Skeletal reference points are defined by cephalometric analysis and are listed in Figure 21-
4 and Box 21-2 .

The Frankfort horizontal plane ( Figure 21-5 ) is the standard reference point for patient positioning in photographs and cephalometric radiographs. The Frankfort plane is defined as a line drawn from the superior aspect of the external 
auditory canal to the inferior border of the infraorbital rim while the patient's gaze is parallel to the floor. A soft-tissue definition for the inferior aspect of the infraorbital rim is the point of transition between lower eyelid and cheek skin.

FACIAL PROPORTIONS

The initial assessment of the face evaluates symmetry. Symmetry is rarely perfect when comparing halves through a midsagittal plane ( Figure 21-6 ); nevertheless, midline points should lie on the axis line. Facial width is evaluated by 
dividing the face into equal fifths ( Figure 21-7 ). The width of one eye should equal one
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Figure 21-1 Leonardo da Vinci. The proportions of the body according to Vitruvius, ca. 1490. Pen and ink with touches of wash, over stylus 34.4 × 24.5 cm. (Courtesy of the Galleria dell' Accademia, inv.228, Venice.) 

 

Figure 21-2 Leonardo da Vinci. The proportions of the head, ca.1490. Pen and ink over black chalk, 28.0 × 22.2 cm. (Courtesy of the Galleria dell' Academia, inv.236v, Venice.) 

 

Figure 21-3 Soft tissue reference points. 



 
 

Box 21-1. SOFT TISSUE ANATOMIC LANDMARKS

Trichion (Tr): Anterior hairline in the midline 
 
Glabella (G): Most prominent point of the forehead on profile 
 
Nasion (N): The deepest depression at the root of the nose; typically corresponds to the nasofrontal suture 
 
Radix: Root of the nose, a region and not a point; part of an unbroken curve that begins at the superior orbital 
ridge and continues along the lateral nasal wall 
 
Rhinion (R): Soft-tissue correlate of the osseocartilaginous junction on the nasal dorsum 
 
Sellion: Osseocartilaginous junction on the nasal dorsum 
 
Supratip: Point cephalic to the tip 
 
Tip (T): Ideally, the most anterior projection of the nose on profile 
 
Subnasale (Sn): Junction of columella and upper lip 
 
Labrale superius (Ls): Vermilion border of upper lip 
 
Stomion (S): Central portion of interlabial gap 



 
Stomion superius: Lowest point of upper lip vermilion 
 
Stomion inferius: Highest point of lower lip vermilion 
 
Labrale inferius (Li): Vermilion border of lower lip 
 
Mentolabial sulcus (Si): Most posterior point between lower lip and chin 
 
Pogonion (Pg): Most anterior midline soft-tissue point of chin 
 
Menton (Me): Most inferior soft-tissue point on chin 
 
Cervical point (C): The innermost point between the submental area and the neck 
 

 
 
 
Figure 21-4 Cephalometric reference points. 

 
 

Box 21-2. CEPHALOMETRIC REFERENCE POINTS

(S) Sella: The midpoint of the hypophysial fossa 
 
(Or) Orbitale: The most inferior point on the infraorbital rim 
 
(P) Porion: The most superior point on the external auditory meatus 
 
(Cd) Condylion: The most superior point on the head of the mandibular condyle 
 
(Ar) Articulate: The point of intersection of the posterior margin of the ascending mandibular ramus and the outer 
margin of the cranial base 
 
(ANS) Anterior nasal spine 
 
(PNS) Posterior nasal spine 
 
(A) Point A, subspinale: The deepest point in the concavity of the premaxilla 
 
(Pr) Prosthion: The lowest most anterior point on the alveolar portion of the premaxilla 
 
(Id) Infradentale: The highest most anterior point on the alveolar portion of the mandible 
 



(B) Point B, supramentale: The most posterior point in the outer contour of the mandibular alveolar process 
 
(Pg) Pogonion: Most anterior point on the bony chin in the midline 
 
(Gn) Gnathion: A point between the most anterior (Pg) and inferior (Me) point on the chin 
 
(Me) Menton: The lowest point on the mandible 
 
(Go) Gonion: The midpoint at the angle of the mandible 
 

 
 
 
Figure 21-5 Frankfort horizontal plane. A line is drawn from the superior aspect of the external auditory canal to the most inferior aspect of the infraorbital rim. 

 

Figure 21-6 Facial symmetry through midsagittal plane. 

 

Figure 21-7 Facial width. The facial width is divided into equal fifths. 



 

Figure 21-8 Facial height. The facial height is divided into equal thirds. From trichion to glabella, from glabella to subnasale, and from subnasale to menton. 

 

Figure 21-9 Middle and lower facial height. Division of height is unequal and measured from the nasion to subnasale and from the subnasale to the menton. 

 

Figure 21-10 Aesthetics units of the face. 



 

Figure 21-11 Relaxed skin tension lines (RSTL) of the face. 

 

Figure 21-12 Nasofrontal angle (115–135 degrees). 

 

Figure 21-13 Ideal eyebrow position. Medial brow head lies along horizontal tangent with medial canthus and nasal ala. Highest point of brow arch is located above lateral limbus. 



 

Figure 21-14 Unbroken aesthetic line form eyebrow to nasal tip. 

 

Figure 21-15 Nasal aesthetic subunits adapted from Burget. 

 

Figure 21-16 Nasolabial angle. Male, 90 to 95 degrees; female, 95 to 110 degrees. 



 

Figure 21-17 Nasofacial angle (30 to 40 degrees). 

 

Figure 21-18 Nasomental angle (120–132 degrees). The lips should fall just behind this line at a distance of 4 mm for the upper lip and 2 mm for the lower lip. 

 

Figure 21-19 Tip rotation generally occurs along an arc produced by a radius based at the external auditory canal. 



 

Figure 21-20 Simon's nasal projection is approximately equal to the length of the upper lip with a ratio of 1:1. 

 

Figure 21-21 Goode's method of tip projection. 

 

Figure 21-22 Nasal ala. Ala-to-tip lobular ratio should be 1:1. Columella shown between 3 and 5 mm. 

 

Figure 21-23 Nasal base divided into equal thirds. 

 

Figure 21-24 Lip ratio and lower facial third. 



 

Figure 21-25 Lip aesthetic subunits. 

 

Figure 21-26 Horizontal lip position. Mentolabial sulcus (Si) should lie 4 mm posterior to a vertical line dropped from the subnasale through the labrale inferius (Li) and extending to the to the pogonion (Pg). 

 

Figure 21-27 The zero meridian of Gonzalez-Ulloa. Ideal chin position is on a vertical line from the nasion (N) to the pogonion (Pg), which is perpendicular to the Frankfort horizontal. 



 

Figure 21-28 Mentocervical angle (80–95 degrees). 

 

Figure 21-29 Long axis of the ear parallels the long axis of the nasal dorsum. 

 

Figure 21-30 Hyperdynamic facial lines caused by repeated underlying muscle contraction. 



 
 

Box 21-3. FITZPATRICK CLASSIFICATION OF SUN-REACTIVE SKIN TYPE

 
Skin type Skin color Characteristics

I White Always burns, never tans

II White Usually burns, tans with difficulty

III White Sometimes burns, sometimes tans

IV White Rarely burns, tans with ease

V Brown Very rarely burns, tans very easily

VI Black Never burns, always tans
 

 
 
 
 

Box 21-4. GLOGAU PHOTOAGING CLASSIFICATION

Type I: No keratoses, few wrinkles, age 20 to 30, rarely wears makeup 
 
Type II: Early lentigenes, wrinkles on animation, age 30 to 40, sometimes wears makeup 
 
Type III: Advanced photoaging, wrinkles present at rest, age 50 to 60, always wears makeup 
 
Type IV: Severe photoaging, severe wrinkling, age 60 to 70, makeup has minimal benefit 
 

 
 
Once the photograph images are downloaded onto the computer, a variety of image or graphics software may be used to open and alter images. The Mirror Suite (Image Management plus Simulation) (Canfield Scientific, Inc., Fairfield, NJ) 
is sophisticated but user-friendly high-end software designed for medical professionals. Image files from the camera once downloaded are automatically tethered into the Mirror Software and saved into patients' charts. The ease and speed of 
image alteration lies at the heart of this sophisticated software, making patient consultations streamline and informative. Furthermore, this advanced software has the ability to measure and analyze facial angles for assistance in preoperative 
analysis and planning (see Figure 21-32 ). The cost of such commercially available systems, complete with computer, camera, and software will be several thousands of dollars. More basic systems, however, may be pieced together by a 
physician to maintain a more modest price point.

Computer imaging and its ability to generate altered images for patient education can be particularly helpful during the preoperative rhinoplasty consultation. Computer-generated changes are compared with preoperative images and 
reviewed with the patient. The surgeon must be conservative with computer-generated changes and avoid overzealous alterations. In this manner, realistic expectations are nurtured, and a common outcome concept can be reached between 
surgeon and patient. Computer imaging can be particularly helpful to demonstrate to the rhinoplasty patient with microgenia the added benefit of chin augmentation (see Figure 21-33 ). The computer-generated images assist patients in 
visualizing the overall improvement in facial harmony.
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Figure 21-31 Fuji S2 pro digital SLR camera with Canfield twin flash. 

 

Figure 21-32 Facial angle analysis, including nasofrontal angle, nasofacial angle, and mentocervical angle. (Courtesy of Canfield Clinical Systems.) 

 

Figure 21-33 Preoperative (left) and postcomputer imaging (right) of combined rhinoplasty and chin augmentation. (Courtesy of Canfield Clinical Systems.) 
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Chapter 22 - RECOGNITION AND TREATMENT OF SKIN LESIONS

Ken K. Lee 
Khosrow Mehrany 
Neil A. Swanson 

INTRODUCTION

Recognizing and treating skin lesions is an important aspect of otolaryngology-head and neck surgery. Many of the diseases that an otolaryngologist-head and neck surgeon sees can involve the skin. Whether they are a patient's chief 
complaint or are noted on a routine examination, skin lesions need be recognized so that proper diagnosis and management are instituted.

This chapter is structured to provide the otolaryngologist-head and neck surgeon with practical knowledge about the differential diagnosis of cutaneous tumors by the physician, including epidermal tumors, melanocytic tumors, cystic lesions, 
vascular tumors, and fibroadnexal tumors. Within the discussions of the various tumor categories are reviews of the preferred therapeutic options for each specific tumor. At the end of the chapter is a discussion of treatment methods and 
biopsy techniques commonly used by the dermatologist and cutaneous surgeon that can easily be applied by the otolaryngologist-head and neck surgeon. The details of various biopsy techniques used to establish a histologic diagnosis are 
stressed, because the pathologist's ability to establish a definitive diagnosis depends directly on the clinical specimen obtained for histopathologic review.

An in-depth discussion of all types of cutaneous tumors (benign and malignant) is beyond the scope of this chapter. The recognition of the three most common cutaneous malignancies will be discussed, with detailed chapters concerning 
these tumors to follow. The treatments of basal cell carcinoma and squamous cell carcinoma are discussed in Chapter 25 ; Chapter 26 details the current status of the treatment of malignant melanoma. This chapter will serve only to introduce 
these three tumors.

EPIDERMAL NEOPLASMS

Epithelial neoplasms of the skin can range from entirely benign to highly malignant tumors. Epidermal tumors are so common that few people go through life without acquiring at least one. A great assortment of epidermal tumors have been 
described, under a wide variety of names; the more common and important ones will be discussed in this chapter.[34] 

Three important factors relevant to epidermal tumors should be noted. First, the epidermis in the healthy person is a relatively thin structure and is the outermost layer of the skin. Hyperproliferation of an epidermal cell results in tumors that 
usually appear superficially and that are often associated with scale. Dermal tumors and tumors of the cutaneous appendages (adnexal tumors) are usually deeper and, therefore, more nodular in appearance. Recognizing these differences is 
one general way of differentiating between the two tumor groups. The second important factor is that there are three types of lesions that occur within epidermal tumors: benign, precancerous, and cancerous. The precise nature of 
precancerous lesions has been debated widely, but the term persists in the literature; it refers to a group of epidermal lesions of which a small percentage can become malignant. Finally, because the epidermis is limited in the number of ways 
it can respond to stimuli, the clinical presentations of many tumors will be similar. Even the most experienced dermatologist often has to resort to a biopsy for the definitive diagnosis of an epidermal tumor.[41] 

Seborrheic Keratoses

Seborrheic keratoses, which are very common lesions, usually begin around the fourth decade of life. They can be single or multiple and can occur anywhere on the body, with the exception of the palms and soles. Clinically, they are sharply 
demarcated and slightly raised, appearing as if they were stuck on the skin's surface (see Figure 22-1 ). Many have a verrucous surface with a soft, friable consistency; however, others
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Figure 22-1 Seborrheic keratoses. 

 

Figure 22-2 Filiform warts. 

 

Figure 22-3 Flat warts. 

 

Figure 22-4 Molluscum contagiosum. 

 

Figure 22-1 A, Actinic keratoses. B, Keratoacanthoma. C, Noduloulcerative basal cell carcinoma. D, Nodular basal cell carcinoma. E, Pigmented basal cell carcinoma. F, Morpheaform basal cell carcinoma. 



 

Figure 22-2 A, Recurrent basal cell carcinoma. B, Chondrodermatitis nodularis helicis. C, Squamous cell carcinoma. D, Pigmented squamous cell carcinoma. E, Superficial spreading melanoma. F, Irregular border of superficial spreading 
carcinoma. 



 

Figure 22-3 A, Lentigo maligna melanoma. B, Junctional nevus. C, Intradermal nevus. D, Blue nevus. E, Halo nevus. F, Nevus sebaceous. 

 

Figure 22-4 A, Dysplastic nevus. B, Venous lakes. C, Dermatofibroma. D, Fibrous papule. E, Cylindroma. F, Sebaceous hyperplasia. 
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Chapter 23 - THE MANAGEMENT OF HEAD AND NECK MELANOMA

Cecelia E. Schmalbach 
Timothy M. Johnson 
Carol R. Bradford 

INTRODUCTION

The worldwide incidence of melanoma is increasing faster than any other cancer[140] ; it is currently the fifth leading cause of cancer among men and the seventh leading cause among women.[79] The management of cutaneous melanoma is also 
one of fastest evolving fields in cancer, with promising research taking place at both the molecular and clinical levels. In fact, recent increased understanding of melanoma biology has prompted major changes in the staging classification 
system set forth by the American Joint Committee on Cancer (AJCC).[18] Given its association with sun exposure, melanoma is considered a preventable disease. Decreased incidence and mortality ultimately hinges upon the patient, as well as 
physician education, prevention, early diagnosis, and improved treatment for advanced disease.

EPIDEMIOLOGY

Despite a recent decline in the overall trends for cancer incidence and mortality, the incidence of cutaneous melanoma continues to rise faster than any other cancer.[107] On the basis of the National Cancer Institute's Surveillance, 
Epidemiology, and End Results Data, 54,200 new cases of invasive cutaneous melanoma were diagnosed in 2003. An additional 37,700 in situ cases were estimated that same year. For women less than 40 years old, the incidence of 
melanoma is second only to breast cancer.[79] 

Over the past 50 years, the annual percentage change in invasive melanoma incidence has steadily increased by 4.3% each year.[107] The lifetime risk for developing invasive melanoma has climbed at an epidemic rate; it increased from 1 in 
1500 individuals born in 1935 to 1 in 250 born in 1980. This trend is expected to continue at a startling rate, with 1 in 39 individuals born in 2003 projected to develop melanoma.[139] 

Melanoma is the most lethal form of skin cancer. In 2003, it was responsible for an estimated 7600 deaths within the United States[107] ; this estimate averages to approximately one American dying from melanoma every hour. Over the past 50 
years, the annual percentage change in mortality rate has increased at a steady rate of 1.8% per year. Melanoma accounts for the second highest increase in mortality rate, especially for men over the age of 65. However, it should not be 
viewed as a cancer limited to the elderly. In fact, melanoma is known to afflict young adults, with 1 in 4 patients diagnosed before the age of 40.[63] [139] Consequently, melanoma represents one of the leading cancer causes of lost potential life 
years.

Approximately 25% of all cutaneous melanomas arise in the head and neck (HN) region,[103] with more than 9000 cases diagnosed annually. A slight male predominance has been consistently reported throughout the literature.[64] [123] [132] The 
median age of diagnosis for patients with HN melanoma is 55 years.[63] However, juvenile cases account for 1.66% of HN melanoma cases, with patients as young as 4 years old being diagnosed.[60] [128] 

ETIOLOGY AND RISK FACTORS

Numerous environmental and genetic risk factors have been implicated in the development of cutaneous melanoma.[161] These risk factors are summarized in Table 23-1 .

Risk Factors

Sun exposure is considered to be the leading cause of melanoma. [26] [91] Patients with a significant history of sun exposure are at particularly high risk, especially if they experienced peeling or blistering sunburns, even during childhood.[138] 
Associated risk factors include blond or red hair, green or blue eyes, or fair skin consistent with Fitzpatrick skin types I through III.[65] Adults with more than 100 clinically normal-appearing nevi, children with more than 50 clinically normal-
appearing nevi, and any patients with atypical or dysplastic nevi are also at risk.
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TABLE 23-1 -- RISK FACTORS ASSOCIATED WITH CUTANEOUS MELANOMA

Environmental/Sun exposure

••Fair complexion/inability to tan

••Blue/green eyes

••Blonde/red hair

••Freckling

••Actinic keratoses



••Nonmelanoma skin cancer

••History of blistering/peeling sunburns

••Immunosuppression

••Teenage outdoor summer jobs

Genetic

••CDKN2A (p16) mutation

••Family history of melanoma

••History of prior melanoma

••Xeroderma pigmentosa

••Atypical (dysplastic) nevus

••Giant congenital melanocytic nevus
 
A prior history of melanoma places a patient at increased risk, with 5% to 10% of individuals developing a second primary melanoma.[82] This risk of developing a second primary is lifelong, and it can occur anywhere on the skin; therefore, 
long-term follow-up with a thorough total body examination is critical.

Genetics

A genetic component has also been implicated in the pathogenesis of melanoma[98] ; 10% to 15% of melanoma patients report a positive family history.[133] The most common chromosomal mutation associated with melanoma involves 
CDKN2A, which is also known as p16.[87] However, the mutation only accounts for a small percentage of melanoma cases observed. Aitken and colleagues [1] estimated that CDKN2A mutations were responsible for only 0.2% of melanoma 
cases diagnosed in Australia. The genetic etiology of melanoma represents an intense area of research with future discovery.

The hereditary nature of cutaneous melanoma was also noted in the 1970s. Clark and colleagues[48] defined the B–K mole syndrome and named it after the two families of study. Members afflicted with this syndrome acquired large, irregular, 
and dysplastic nevi that were often found in sun-protected regions of the body, such as the scalp and trunk. During this time period, Lynch and colleagues[104] independently reported a familial association of melanoma among individuals with 
atypical nevi, which he called familial atypical multiple mole-melanoma (FAMMM) syndrome; today, this is called atypical mole syndrome.[160] Studies have demonstrated an autosomal dominant inheritance pattern.[70] The 10-year melanoma 
risk in the setting of atypical mole syndrome is reported to be 10.7%, as compared with 0.62% in control patients.[107] [108] Greene and others[71] approximated a 56% cumulative risk from age 20 to 59 years, with 100% of atypical mole syndrome 
patients developing melanoma by age 76.

Xeroderma pigmentosa is a rare hereditary disorder that is also associated with melanoma; it is inherited in an autosomally recessive fashion.[99] The fibroblasts in xeroderma pigmentosa patients have a reduced or absent ability to repair DNA 
that has been damaged by ultraviolet light.[49] Consequently, this disorder results in the development of multiple primary cutaneous malignancies, including melanoma, basal cell carcinoma, and squamous cell carcinoma. Individuals are 
usually diagnosed with their first cancer prior to the age of 10. Unfortunately, the relentless development of skin cancers—as well as other cancers—ultimately leads to death, often at an early age.

Congenital Nevi

Congenital melanocytic nevi (CMN) are present at birth or appear within the first 6 months of infancy[136] ; an estimated 1% to 6% of children are born with CMN. The nevi are classified by size: Small CMN measure <1.5 mm in diameter and 
account for the majority of lesions; medium CMN measure between 1.5 and 19.9 mm in diameter; and large CMN, which are also called giant congenital nevi, measure 20 mm or greater. This large size can lead to significant cosmetic and 
psychosocial implications. [109] 

The risk of melanoma development in small- and medium-sized CMN is similar to any other area of the skin. Melanoma development usually occurs after childhood and arises from the dermoepidermal junction, which makes early detection 
feasible. Routine prophylactic removal of small and medium CMN is rarely indicated in the absence of signs or symptoms indicative of malignant progression.

Conversely, giant congenital nevi carry an increased risk for melanoma, with an estimated 5% to 20% of patients going on to develop cancer.[54] [28] Seventy percent of these individuals are diagnosed before the age of 10 years.[108] Melanoma can 
originate deep the epidermis. Consequently, diagnosis within the setting of giant congenital nevi is challenging; it may develop deep in the skin, with presentation as a more advanced primary lesion.

MELANOMA CLASSIFICATION

Several histologic subtypes of melanoma are recognized within the HN region. It is important to note that melanoma subtype does not generally influence
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prognosis after correcting for tumor thickness and other prognostic variables.[5] In general, superficial spreading melanoma is the most common type of cutaneous melanoma, and nodular melanoma is the second most common subtype on the 
skin.

Lentigo maligna (LM) is intraepidermal or in situ melanoma. Histologically, it is often seen in the background of chronic sun damage. LM is the precursor to invasive lentigo malignant melanoma (LMM). The exact percentage of LMs that 
progress to invasive LMM remains unknown[51] ; however, it is speculated that, if patients live long enough, LM will eventually progress to invasive melanoma. LM/LMM is most often found in the HN region. Traditionally, the subtype has 
been associated with older individuals, but the frequency in younger patients is increasing. The LM/LMM pattern warrants special comment, because this subtype is characterized by asymmetric, subclinical, and often extensive peripheral 
involvement of atypical junctional melanocytic hyperplasia (AJMH). Therefore, management with adequate wide margins can be challenging from both a functional and cosmetic standpoint. Additionally, amelanotic and invasive 



desmoplastic melanoma (see below) often arise within LM/LMM.

Desmoplastic-Neurotropic Melanoma

In 1971, Conley and others[53] described a rare subtype of melanoma comprised of spindle cells with abundant collagen. As a result of histologic features resembling fibromas, the term desmoplastic melanoma (DM) was introduced. Several 
years later, Reed and colleagues [135] noted that some DMs demonstrate a propensity for perineural and endoneural infiltration; this prompted the further subclassification of a desmoplastic neurotropic melanoma (DNM) variant.

DM/DNM subtypes are rare, accounting for approximately 1% of all cutaneous melanomas.[41] However, up to 75% of the lesions present in the HN region, often in the setting of LM/LMM. The clinical presentation and biologic behavior of 
these tumors are distinct from other cutaneous melanomas. Although amelanotic cases account for only 4% to 5% of cutaneous melanomas, up to 73% of DM/DNMs are amelanotic.[41] [134] As demonstrated in Figure 23-1 , the neoplasms often 
lack the typical ABCD criteria for melanoma (described below); they can have a difficult histologic pattern that requires interpretation by an experienced pathologist. Overall, the atypical and challenging appearance of DM/DMN is thought 
to result in a delay in diagnosis; this fact provides one explanation for the reason that patients with DM/DNM present with thicker, more aggressive tumors.

DM/DNM is known to be locally aggressive and highly infiltrative, and it can lead to cranial nerve and skull base involvement. Local recurrence has been reported in up to 49% of cases.[41] Explanations for this 

 
Figure 23-1 Desmoplastic melanoma of the nose. Note the amelanotic appearance and absence of typical ABCD findings associated with other melanoma subtypes. 

 

TABLE 23-2 -- UNIVERSITY OF MICHIGAN GUIDELINES FOR CUTANEOUS MELANOMA WORKUP[84]

Stage 0 (in situ) History; physical examination

Stage I (<1 mm thickness) History; physical examination

Stage I to II (1–4 mm thick) History; physical examination

 Chest x-ray optional

 Lactate dehydrogenase levels optional

Stage III (N0 ; >4 mm thick) History; physical examination

 Chest x-ray optional

 Lactate dehydrogenase levels optional

Stage III (N+ ; in transit) History; physical examination

 Chest x-ray

 Lactate dehydrogenase levels

 Other imaging studies, if clinically indicated

Stage IV (distant metastasis) History; physical examination

 Chest x-ray

 Lactate dehydrogenase levels

 Other imaging studies, per clinical trial
 
patients within this subpopulation that had occult pulmonary metastasis; however, the high false-positive rate of 15% necessitated additional and costly workups. Similarly, evidence supporting the use of other screening modalities such as 
computed tomography,[34] [56] liver-spleen scans, magnetic resonance imaging, and bone scans for patients with limited stage I and II disease is lacking.[10] [143] 

CXR and screening lactate dehydrogenase (LDH) levels are both deemed optional by the National Comprehensive Cancer Network for stage II and III patients in the clinical absence of nodal disease (N0). At our institution, these studies are 
ordered only if the history or physical examination raises the clinician's suspicion for metastasis.[84] 

Patients with stage III disease that includes clinically or radiographically suspicious lymph nodes, satellite lesions, or in-transit lesions, are at higher risk for distant metastasis. Fine-needle aspiration has been shown to be an accurate and cost-
effective means of confirming metastatic melanoma within lymph nodes.[22] CXR and LDH are warranted for positive regional disease. Additional imaging studies should be ordered

555

depending on the patient's history and physical examination. A list of concerning symptoms warranting a focused investigation of systemic metastasis is summarized in Table 23-3 .[83] 



Patients with known stage IV disseminated melanoma required a complete workup for systemic metastasis. In this setting, workup is often dictated by clinical trial protocols.

PROGNOSTIC FACTORS AND TUMOR STAGING

As a result of an increased understanding of cutaneous melanoma biology, the AJCC published a revised staging system in 2001.[17] [18] The goal of modifying the classification system was twofold. First, the Staging Committee wanted to 
develop categories based on the most important independent prognostic markers for melanoma. By doing so, cohorts of patients sharing similar survival rates may become easier to identify, thereby leading to increased homogeneity in future 
clinical trials. To achieve this goal, reliable prognostic markers recognized throughout the literature were studied among a cohort of 17,600 melanoma patients from 13 major cancer institutions.[17] This investigation marks the largest analysis 
of its kind to date. The second  

TABLE 23-3 -- REVIEW OF SYSTEMS FOR MELANOMA AND METASTASIS[83]

Skin/Lymphatics

••Change (i.e., size, shape, color)

••Lesion persistent pruritus

••Enlarged lymph nodes

••Mass/nodules

••Nonhealing/bleeding skin lesions

••Easy bruising

••New pigmented skin lesions

Constitutional

••Weight loss

••Malaise

••Decreased appetite

••Weakness

••Fatigue

••Fever

Respiratory

••Cough

••Hemoptysis

••Pneumonia

••Pleurisy

••Chest pain

••Dyspnea

Hepatic

••Abdominal pain

••Right upper quadrant pain

••Back (scapula) pain on inspiration

••Jaundice

Neurologic/Psychiatric

••Headache

••Memory disturbance

••Depression

••Focal central nervous system symptoms

••Visual disturbances

••Balance problems

••Blackouts

••Seizures



••Numbness

••Local weakness

••Paralysis

••Mood swings

Gastrointestinal

••Cramping

••Abdominal pain

••Bleeding

••Nausea

••Anorexia

••Vomiting

••Constipation

Musculoskeletal

••Bone pain (e.g., rib, spine, hip)

Adapted from: Johnson TM and others: Management of melanoma with a multidisciplinary melanoma clinic model, J Am Acad Dermatol 42:820, 2000.
 
goal was to provide physicians with a classification system that mirrors clinical practice. For this reason, physician input related to both clinical management and research protocols was considered during the revision process.

Summary of Revisions

The new AJCC staging system for cutaneous melanoma remains founded upon the traditional tumor, node, metastases (TNM) classification system ( Table 23-4 and Table 23-5 ). Stage I and II represent localized disease, stage III is regional 
disease, and stage IV is reserved for distant metastatic disease. The most important predictors for survival now serve as criteria for the definition of melanoma stage and are summarized in Table 23-6 . Major revisions of the staging system 
are outlined below: 

1.  Tumor thickness and ulceration are utilized in T classification, whereas level of invasion (Clark level) is only applied in the staging of thin (≤1 mm) T1 lesions.
2.  The number of metastatic lymph nodes—as opposed to the gross size of metastatic nodes—is used to define the N category.
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3.  The technique of sentinel lymph node mapping and biopsy (SLNB) is now incorporated into the staging system. Delineation of occult (microscopic) nodal metastasis vs clinically/radiographically apparent (macroscopic) nodal metastasis 
is made within the N category.

4.  The site of distant metastasis and LDH level are both used in the M classification.
5.  Patients with ulcerated primary lesions are upstaged.
6.  Primary lesions with surrounding satellite metastasis or in-transit metastasis are defined as stage III regional disease.

 
TABLE 23-4 -- MELANOMA TNM CLASSIFICATION

T Classification Thickness Ulceration Status

T1 ≤1.0 mm a: without ulceration and level II/III

  b: with ulceration or level IV/V

T2 1.01–2.0 mm a: without ulceration

  b: with ulceration

T3 2.01–4.0 mm a: without ulceration

  b: with ulceration

T4 > 4.0 mm a: without ulceration

  b: with ulceration

N Classification No. of Metastatic Nodes Nodal Metastatic Mass

N1 1 node a: micrometastasis * 

  b: macrometastasis † 



N2 2–3 nodes a: micrometastasis * 

  b: macrometastasis † 

  c: in transit met(s)/satellite(s) without metastatic nodes

N3 4 or more metastatic nodes, or matted nodes, or in transit met(s)/satellite(s) with 
metastatic node(s)

 

M Classification Site Serum Lactate Dehydrogenase

M1a Distant skin, subcutaneous, or nodal mets Normal

M1b Lung metastases Normal

M1c All other visceral metastases Normal

 Any distant metastasis Elevated
*Micrometastases are diagnosed after sentinel or elective lymphadenectomy. 
†Macrometastases are defined as clinically detectable nodal metastases confirmed by therapeutic lymphadenectomy or when nodal metastasis exhibits gross extracapsular extension. 

 
 
 
T Classification/Localized Disease

Multivariate analysis of 13,581 patients with localized disease identified tumor thickness and ulceration as the most important predictors of outcome. Overall, tumor thickness was the most powerful prognostic indicator for this subgroup. 
Although tumor thickness was incorporated in the 1997 version of the staging system, the empirically based Breslow depth of 0.75 mm was used to differentiate T1 from T2 lesions.[31] The revised staging system now uses cut-points of 1.0, 2.0, 
and 4.0 mm to delineate T stage. The new cut-points represent the best statistical fit in the correlation of tumor thickness and survival.

In the previous staging system, histologic level of invasion as represented by the Clark scale ( Figure 23-2 ) was also used in the definition of T classification. However, the recent analysis by Balch and others[17] found the histologic level of 
invasion to be prognostic only for thin T1 lesions. For tumors ≤1 mm without ulceration, invasion to Clark level II or III is considered T1a , whereas invasion into the reticular dermis (level IV or V) is considered T1b . With the exception of T1 
lesions, Clark level of invasion is no longer used in staging melanoma.
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TABLE 23-5 -- PROPOSED STAGE GROUPINGS FOR CUTANEOUS MELANOMA

 CLINICAL STAGING * PATHOLOGIC STAGING † 

 T N M T N M

0 Tis N0 M0 Tis N0 M0 

IA T1a N0 M0 T1a N0 M0 

IB T1b N0 M0 T1b N0 M0 

 T2a N0 M0 T2a N0 M0 

IIA T2b N0 M0 T2b N0 M0 

 T3a N0 M0 T3a N0 M0 

IIB T3b N0 M0 T3b N0 M0 

 T4a N0 M0 T4a N0 M0 

IIC T4b N0 M0 T4b N0 M0 

III ‡ Any T N1 M0    

  N2     

  N3     

IIIA    T1-4a N1a M0 

    T1-4a N2a M0 

IIIB    T1-4b N1a M0 

    T1-4b N2a M0 



    T1-4a N1b M0 

    T1-4a N2b M0 

    T1-4a/b N2c M0 

IIIC    T1-4b N1b M0 

    T1-4b N2b M0 

    Any T N3 M0 

IV Any T Any N Any M1 Any T Any N Any M1 
*Clinical staging includes microstaging of the primary melanoma and clinical/radiologic evaluation for metastases. By convention, it should be used after complete excision of the primary melanoma with clinical assessment for regional and distant metastases. 
†Pathologic staging includes microstaging of the primary melanoma and pathologic information about the regional lymph nodes after partial or complete lymphadenectomy. Pathologic stage 0 or stage 1A patients are the exception; they do not require pathologic evaluation of their lymph nodes. 
‡There are no stage III subgroups for clinical staging. 

 
 
 
Tumor ulceration was the second most important prognostic indicator for patients with localized disease. Ulceration is not a visible crater on gross examination, but rather a histologic diagnosis in which intact epidermis overlying the 
melanoma is absent. Survival rates were found to be significantly lower for all patients with ulcerated lesions as compared with their nonulcerated counterparts ( Table 23-7 ). In fact, the survival of patients with an ulcerated tumor mirrored 
that of nonulcerated patients in the next highest T category; for this reason, ulceration warrants upstaging of tumors. The prognostic significance of ulceration[12] and the correlation between ulceration and mitotic rate have been reported.[11] [127] 
Although mitotic rate was not evaluated during the revision of  

TABLE 23-6 -- SUMMARY OF THE MOST IMPORTANT PREDICTORS OF SURVIVAL THAT SERVE AS CRITERIA FOR THE 2001 AJCC CUTANEOUS MELANOMA STAGING SYSTEM

Stage I and II localized disease

••1)Tumor thickness

••2) Tumor ulceration

••3) Histologic level of invasion for T1 lesions only

Stage III regional disease

••1) Number of metastatic lymph nodes

••2) Tumor burden (microscopic vs macroscopic nodal disease)

••3) Primary tumor ulceration

Stage IV distant disease

••1) Anatomic site

••2) Elevated lactate dehydrogenase
 
the AJCC staging system, it may become an important prognostic marker in the future.

Nodal Classification/Regional Disease

Similar multivariate analysis was performed on more than 1000 melanoma patients diagnosed with lymph node metastasis. Three prognostic factors met significance at P < .0001: (1) number of metastatic lymph nodes; (2) tumor burden as 
represented by microscopic vs macroscopic disease; and (3) primary tumor ulceration. Previously, the gross diameter of metastatic nodes was used in N classification. Due to a lack of compelling evidence supporting predictive value, 
metastatic nodal size is no longer incorporated into melanoma staging. [35] [36] 

Overall, the most important predictive marker for patients with nodal metastasis was the number of positive lymph nodes; survival curves are depicted in Figure 23-3 . The greatest difference in five-year survival rates was used to subclassify 
the N category. Patients with one metastatic node are now categorized as N1 , patients with two or three metastatic nodes as N2 , and patients with four or more nodes as N3 .

The second most important prognostic indicator for patients with regional metastasis was tumor burden. Patients identified as having microscopic nodal disease, either through SLNB or elective lymphadenectomy, were found to have a 
significantly better survival as compared with individuals diagnosed with macroscopic disease upon clinical or radiographic examination ( Figure 23-4 ). This difference was so compelling that microscopic vs macroscopic nodal disease is 
now subclassified within the N category. In addition, the AJCC Melanoma Committee strongly recommends staging with SLNB for patients
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Figure 23-2 Schematic representation of cutaneous melanoma invasion according to Clark and Breslow microstaging. 



 

TABLE 23-7 -- SURVIVAL RATES FOR MELANOMA TNM AND STAGING CATEGORIES

        SURVIVAL ± SE

Pathologic Stage TNM Thickness (mm) Ulceration No. + Nodes Nodal Size Distant Metastasis No. of Patients 1-Year 2-Year 5-Year 10-Year

IA T1a 1 No 0 - - 4510 99.7 ± 0.1 99.0 ± 0.2 95.3 ± 0.4 87.9 ± 1.0

IB T1b 1 Yes or level IV, V 0 - - 1380 99.8 ± 0.1 98.7 ± 0.3 90.9 ± 1.0 83.1 ± 1.5

 T2a 1.01–2.0 No 0 - - 3285 99.5 ± 0.1 97.3 ± 0.3 89.0 ± 0.7 79.2 ± 1.1

IIA T2b 1.01–2.0 Yes 0 - - 958 98.2 ± 0.5 92.9 ± 0.9 77.4 ± 1.7 64.4 ± 2.2

 T3a 2.01–4.0 No 0 - - 1717 98.7 ± 0.3 94.3 ± 0.6 78.7 ± 1.2 63.8 ± 1.7

IIB T3b 2.01–4.0 Yes 0 - - 1523 95.1 ± 0.6 84.8 ± 1.0 63.0 ± 1.5 50.8 ± 1.7

 T4a >4.0 No 0 - - 563 94.8 ± 1.0 88.6 ± 1.5 67.4 ± 2.4 53.9 ± 3.3

IIC T4b >4.0 Yes 0 - - 978 89.9 ± 1.0 70.7 ± 1.6 45.1 ± 1.9 32.3 ± 2.1

IIIA N1a Any No 1 Micro - 252 95.9 ± 1.3 88.0 ± 2.3 69.5 ± 3.7 63.0 ± 4.4

 N2a Any No 2–3 Micro - 130 93.0 ± 2.4 82.7 ± 3.8 63.3 ± 5.6 56.9 ± 6.8

IIIB N1a Any Yes 1 Micro - 217 93.3 ± 1.8 75.0 ± 3.2 52.8 ± 4.1 37.8 ± 4.8

 N2a Any Yes 2–3 Micro - 111 92.0 ± 2.7 81.0 ± 4.1 49.6 ± 5.7 35.9 ± 7.2

 N1b Any No 1 Macro - 122 88.5 ± 2.9 78.5 ± 3.7 59.0 ± 4.8 47.7 ± 5.8

 N2b Any No 2–3 Macro - 93 76.8 ± 4.4 65.6 ± 5.0 46.3 ± 5.5 39.2 ± 5.8

IIIC N1b Any Yes 1 Macro - 98 77.9 ± 4.3 54.2 ± 5.2 29.0 ± 5.1 24.4 ± 5.3

 N2b Any Yes 2–3 Macro - 109 74.3 ± 4.3 44.1 ± 4.9 24.0 ± 4.4 15.0 ± 3.9

 N3 Any Any 4 Micro/macro - 396 71.0 ± 2.4 49.8 ± 2.7 26.7 ± 2.5 18.4 ± 2.5

IV M1a Any Any Any Any Skin, SQ 179 59.3 ± 3.7 36.7 ± 3.6 18.8 ± 3.0 15.7 ± 2.9

 M1b Any Any Any Any Lung 186 57.0 ± 3.7 23.1 ± 3.2 6.7 ± 2.0 2.5 ± 1.5

 M1c Any Any Any Any Other Visceral 793 40.6 ± 1.8 23.6 ± 1.5 9.5 ± 1.1 6.0 ± 0.9

Total       17,600     

From Balch CM, Buzaid AC, Soong SJ and others: Final version of the American Joint Committee on Cancer staging system for cutaneous melanoma, J Clin Oncol 19: 3637, Table 3, 2001.
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Figure 23-3 Survival curves of 1,528 melanoma patients with lymph node metastases subgrouped by actual number of metastatic lymph nodes. The correlation was significant at P < .0001. (From: Balch CM and others: Prognostic factors 



analysis of 17,600 melanoma patients: validation of the American Joint Committee on Cancer melanoma staging system, J Clin Oncol 19:3628, Figure 5, 2001.) 

 

Figure 23-4 Survival curves of 1,429 patients with lymph node metastases subgrouped by presenting clinical stage. Survival rates calculated from the time of primary melanoma diagnoses were significant between the two groups (P 
< .0001). (From: Balch CM and others: Prognostic factors analysis of 17,600 melanoma patients: validation of the American Joint Committee on Cancer melanoma staging system, J Clin Oncol 19:3629, Figure 6, 2001.) 

 

TABLE 23-8 -- FIVE-YEAR SURVIVAL RATES FOR STAGE III (NODAL METASTASES) PATIENTS STRATIFIED BY NUMBER OF METASTATIC NODES, ULCERATION, AND TUMOR BURDEN

 1 + NODE MICROSCOPIC 2–3 NODES > 3 NODES 1 + NODE MACROSCOPIC 2–3 NODES > 3 NODES

Melanoma Ulceration % ± SE No. % ± SE No. % ± SE No. % ± SE No. % ± SE No. % ± SE No.

Absent 69 ± 3.7 252 63 ± 5.6 130 27 ± 9.3 57 59 ± 4.7 122 46 ± 5.5 93 27 ± 4.6 109

Present 52 ± 4.1 217 50 ± 5.7 111 37 ± 8.8 46 29 ± 5.0 98 25 ± 4.4 109 13 ± 3.5 104

From Balch CM, Soong SJ, Gershenwald JE and others: Prognostic factors analysis of 17, 600 melanoma patients: validation of the American Joint Committee on Cancer melanoma staging system, J Clin Oncol 19: 3630, Table 9, 2001.
 
SURGICAL MANAGEMENT OF THE PRIMARY TUMOR

Wide Local Excision and Surgical Margins

Complete surgical excision is recognized as the standard of care for treating melanoma. However, the extent of surgical margins has previously been an issue of debate. Historically, WLE included an extensive 5-cm surrounding margin of 
normal tissue; this recommendation was based on an autopsy report of a patient with advanced melanoma in 1907.[73] The use of 5-cm surgical margins was routine practice until the 1970s, when Breslow and Macht challenged the concept by 
successfully treating 35 patients with thin melanomas using narrower margins.[32] 

Two prospective, randomized trials investigating surgical margins for cutaneous melanoma have since followed. The World Health Organization (WHO) conducted an international trial in which 612 patients with thin melanomas (=2 mm) 
were randomized to surgical excision with 1 cm versus >3 cm margins.[166] At a mean follow-up of eight years, disease-free survival and overall survival were reported to be equivalent between the two groups.[167] For this reason, the WHO 
concluded that wide excision did not influence survival for patients with thin melanomas. For patients with melanomas <1 mm in thickness, the authors advocated "narrow" 1-cm margins to the muscular fascia plane.

Within the WHO trial, a subset of 245 patients had tumors measuring 1.1 to 2.0 mm in thickness. Although a difference in disease-free survival and overall survival was not observed with respect to margins, a local recurrence rate of 3.3% 
was reported among patients undergoing "narrow" excision. This finding prompted the Intergroup Melanoma Surgical Trial, which prospectively randomized 740 patients with intermediate-thickness (1–4 mm) melanomas to WLE with 2-cm 
vs 4-cm margins. [19] Local recurrence rates and 10-year survival were reported to be equivalent between the two groups. This finding led to the recommendation of a 2-cm surgical margin for patients with intermediate melanomas measuring 
1.1 to 4.0 mm in thickness.

To date, there is no prospective randomized trial that has investigated the optimal surgical margin for thick melanomas. However, a retrospective study of 278 thick melanomas (>4 mm) found that surgical margins of >2 cm did not lead to a 
difference in local recurrence rate, disease-free survival, or overall survival as compared with margins of 2 cm.[76] Within this study, 16% of the tumors involved HN subsites.



Current guidelines for surgical margins are based on primary tumor thickness ( Table 23-9 ). It is important to realize that these recommendations serve only as guidelines; each melanoma case must be individualized. The
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TABLE 23-9 -- RECOMMENDED SURGICAL MARGINS FOR EXCISION OF PRIMARY CUTANEOUS MELANOMA

Tumor Thickness (mm) Surgical Margin (cm)

In situ 0.5

<1.0 1.0

1.01–2.0 1.0–2.0

>2.0 2.0
 
depth of excision includes full-thickness skin and underlying subcutaneous tissue. Resection of fascia, perichondrium, and periosteum is required only in the setting of direct tumor invasion or if the surgical plane was violated during a 
previous biopsy.[90] 

LMM warrants special comment, because it has a propensity for wide subclinical spread, which often results in positive margins.[80] Johnson and colleagues[81] and Anderson and colleagues [5] have reported on the use of the "square" procedure 
in the treatment of LM and LMM. This staged procedure entails complete excision of the peripheral margin with permanent section histologic evaluation of 100% of the peripheral margins surrounding the entire tumor.

Closure and Reconstruction

With the use of wide undermining, the majority of surgical sites can be closed primarily. Larger defects may require reconstruction with a split-thickness skin graft, a full-thickness skin graft, a local advancement flap, or a regional flap. The 
method of reconstruction will depend on the anatomic location, skin color and texture, depth of the defect, and patient and surgeon preference. The method of closure has not been shown to impact survival.[102] After clear margins have been 
confirmed, surgeons are encouraged to close surgical defects using the technique that they think will yield the best cosmetic result.

Melanoma of the Ear

Originally, melanoma involving the ear was thought to carry a worse prognosis than other HN sites.[62] [163] [169] This increased risk was attributed to rich lymphatics, complex anatomic subdivisions of the auricle, and a paucity of subcutaneous 
tissue between the thin auricular skin and underlying perichondrium.[38] Consequently, full-thickness excision or total auriculectomy was often advocated.

After accounting for tumor thickness, recent studies have demonstrated that melanoma of the ear carries the same prognosis as other sites.[52] [152] In addition, outcome differences were not observed between auricular subsites.[38] Retrospective 
reviews failed to demonstrate a difference in local recurrence based on the extent of surgical excision, even when perichondrium was preserved.[52] Today, the same prognostic indicators and surgical principles of obtaining wide, clear margins 
for treatment of cutaneous melanoma can be safely applied to the auricular region.

SURGICAL MANAGEMENT OF REGIONAL LYMPH NODES

Therapeutic Lymph Node Dissection

The most common sites for metastasis of HN cutaneous melanoma are the cervical and parotid lymph node basins.[13] [64] [119] The treatment of choice for regional disease remains a therapeutic lymph node dissection (TLND) that includes 
draining nodal basins as well as all intervening lymphatics between the primary tumor and the site of regional disease.

The location of the primary tumor dictates the type of TLND and the need for a superficial parotidectomy. Melanomas of the anterolateral scalp, temple, lateral forehead, lateral cheek, and ear, arising anterior to an imaginary coronal plane 
through the external auditory canals, drain via the parotid nodal basin to the jugular lymph node chain.[40] For this reason, a superficial parotidectomy and modified radical neck dissection are both recommended. In the absence of gross tumor 
involvement or disruption from open biopsy or previous surgical dissection, concerted efforts should be made to preserve the spinal accessory nerve, internal jugular vein, and sternocleidomastoid muscle.[40] If the melanoma arises in a more 
inferior location (e.g., the chin or neck), a superficial parotidectomy is not warranted. Melanomas located on the scalp and occiput—posterior to the imaginary coronal plane through the external auditory canals—can drain to postauricular, 
suboccipital, and posterior triangle lymph nodes. These nodal basins are not addressed during routine modified radical neck dissection. In this situation, a posterolateral neck dissection is required.[69] 

Elective Lymph Node Dissection

One of the most controversial historic debates regarding melanoma surrounded the treatment of regional nodal basins in the absence of clinical metastasis (prophylactic treatment of the N0 neck).[13] [119] Prospective, randomized trials failed to 
demonstrate an overall survival benefit for patients undergoing elective lymph node dissection (ELND). * Therefore, ELND is no longer advocated for the routine treatment of melanoma.

*References [14] [16] [42] [149] [164] [165] . 
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Sentinel Lymph Node Biopsy

SLNB is considered the method of choice for the staging of nodal basins. Appropriate patient selection is imperative. The indications for SLNB are summarized in Table 23-10 . Patients with metastatic disease or who have undergone 
previous surgical disruption of the lymphatics or resection with wide margins are not deemed candidates.



Nodal status is currently recognized as the most important prognostic factor for melanoma patients.[18] Ten to 20% of individuals harbor occult microscopic nodal disease. In an attempt to identify this small group of patients who warranted 
TLND while sparing the remaining 80% of patients without regional disease the morbidity associated with a neck dissection, Morton and colleagues[114] introduced SLNB for the evaluation of patients with trunk and extremity cutaneous 
melanoma. The authors demonstrated that the status of the SLN accurately represented the status of the entire nodal basin from which it was obtained. SLN mapping with biopsy provides a minimally invasive means of identifying patients 
with occult nodal metastasis.[116] The technique is considered the best staging modality for regional disease, with the highest sensitivity and specificity of any modality currently available.

The SLN technique introduced by Morton and others has since evolved to include preoperative lymphoscintigraphy.[162] Approximately two to four hours before surgery, patients undergo intradermal injection of a radioactive colloid into the 
four quadrants surrounding the primary melanoma tumor. Lymphoscintigraphy is then performed. This nuclear medicine scan enables the surgeon to determine the number, location, and laterality of nodal basins at risk for metastatic disease 
( Figure 23-5 ). It is particularly helpful in the setting of midline HN melanomas, which are at risk for bilateral lymphatic drainage.

 
TABLE 23-10 -- UNIVERSITY OF MICHIGAN INDICATIONS FOR CONSIDERATION OF MELANOMA SENTINEL LYMPH NODE MAPPING AND BIOPSY

Breslow depth = 1 mm

Breslow depth = 1 mm in setting of adverse prognostic variables, including the following:

••Tumor extension to deep margin

••Ulceration

••Extensive regression to 1.0 mm

••Young age

••High mitotic rate[11] 

••Clark level IV
 
 
Figure 23-5 Preoperative lymphoscintigraphy is performed approximately 3 hours prior to sentinel lymph node biopsy. Approximately 2 µCi of technetium Tc-99m sulfur colloid (CIS-US, Inc; Bedford, Ma) was injected intradermally into 
the four quadrants surrounding the primary melanoma lesion located midline on the posterior occiput. The right posterior occiput primary lesion with an overlying shield to limit "shine-through" is denoted by the small arrow. The larger 
arrow points to two draining sentinel lymph nodes observed in the right posterior triangle of the neck. 

 

Figure 23-6 After the administration of anesthesia, intraoperative lymphatic mapping is performed using approximately 1 mL of isosulfan blue dye (Lymphazurin 1%; Hirsh Industries, Inc; Richmond, Va) injected into the intradermal layer 
surrounding the primary melanoma. 

 

Figure 23-7 Wide local excision of the primary melanoma is performed prior to sentinel lymph node biopsy; otherwise, the close proximity of the primary lesion to the draining nodal basins within the head and neck region will cause 
significant radioactive "shine-through" and difficulty with the localization of the sentinel lymph node. Each sentinel lymph node is then identified using a combination of the gamma probe, which detects radioactive activity from the Tc-99m 
sulfur colloid, and visual cues from the isosulfan blue dye. 
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Chapter 24 - SCAR REVISION AND CAMOUFLAGE

J. Regan Thomas 
Steven Ross Mobley 

INTRODUCTION

The head and neck is a prominent part of the human body and can frequently be injured as a result of trauma, burns, or surgery. With superficial injuries, most facial wounds will heal with little to no scar formation. However, once the 
reticular dermis has been violated, some amount of residual scarring is destined to occur. Several factors that are beyond the surgeon's control can affect the final appearance of the scar, including the mechanism of injury, position of the 
wound, health status of the patient, the patient's skin type, and the tendency to form robust scars. Factors that are under the surgeon's control include proper realignment of wound edges, conservative debridement of injured tissues, 
meticulous handling of tissues during primary repair, and aesthetically favorable alignment of scars whenever possible.

After complete maturation and healing, an ideal scar should be flat and level with the surrounding skin, a good color match with the surrounding skin, narrow, parallel to the relaxed skin tension lines (RSTL) ( Figure 24-1 ) or on the border 
of aesthetic facial subunits, and without straight, unbroken lines that can be easily followed with the eye ( Figure 24-2 ).[11] Scars with aesthetically unfavorable characteristics include those that are wide, misaligned with relaxed skin tension 
lines or aesthetic subunits, thickened, hypertrophied or keloids ( Figure 24-3 ).[11] The facial plastic surgeon has many options to improve, but not eliminate, these aesthetically unfavorable scars. Successful application of various treatments 
requires an understanding of which techniques are best indicated when performing scar revision or treating hypertrophic and keloid scars.

Successful scar revision begins with a precise analysis of both the scar and the patient's expectations. Patients often have the false perception that plastic surgery can make an existing scar invisible. The surgeon should educate the patient on 
the true realistic goal of surgery, which is to modify the scar to a point of maximized camouflage within the natural shadows, lines, and borders that exist within the head and neck.

INDICATIONS FOR REVISION

The surgeon should first begin with a detailed analysis of the scar. Experience has shown that many scars that are narrow, well positioned along aesthetic subunit borders, or in parallel with RSTL will continue to mature, improve, and 
become less noticeable over a period of 12 to 36 months.[10] 

More commonly, patients will have scars that are amenable to improved surgical camouflage. Indications for scar revision include scars that are: (1) widened; (2) perpendicular to RSTL; (3) webbed; (4) pin-cushioned; (5) long and linear and 



misaligned with RSTL; (6) hypertrophied; (7) interrupting an aesthetic unit of the face; (8) adjacent to, but not lying within, a favorable site; or (9) causing distortion of facial features or anatomic function. Many of these scars should be 
considered for revision after the first 60 to 90 days of scar maturation has occurred. In fact, early revision with realignment of the scar may allow it to mature more rapidly.

Available Techniques

Numerous techniques are available when planning scar revision. This chapter has organized the available techniques into the following categories: 

1.  Excision
2.  Expansion with excision
3.  Irregularization
4.  Dermabrasion
5.  Steroids
6.  Silicone sheeting
7.  Adjunctive

EXCISION

A cardinal principle of surgery is that the best treatment of any complication is primary prevention. For
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Figure 24-1 Relaxed skin tension lines and creases that can aid in scar camouflage. A, Nasolabial; B, glabellar furrows; C, horizontal forehead rhytids; D, subunit junctions (ear and cheek). (Adapted from Thomas JR, Holt GR: Facial scars, 
incisions, revision & camouflage, St. Louis, 1989, Mosby.) 

 

Figure 24-2 A 4-cm-long incision placed in alignment with relaxed skin tension lines and closed with multilayered closure and vertical mattress sutures. 

 

Figure 24-3 Scar on right cheek with unfavorable characteristics: depressed and not in alignment with relaxed skin tension lines. 



 

Figure 24-4 Examples of proper placement of fusiform incisions with 30-degree angled ends aligned with relaxed skin tension lines and aesthetic unit boundaries. (Adapted from Thomas JR, Holt GR: Facial scars, incisions, revision & 
camouflage, St. Louis, 1989, Mosby.) 

 

Figure 24-5 A, Design of fusiform closure of Mohs defect. Note the design of a longer scar in parallel with relaxed skin tension lines to achieve 30-degree angles. B, Same patient 1 month postoperatively. 

 

Figure 24-6 Patient midway through process of bilateral forehead tissue expansion to close a Mohs defect in forehead. 



 

Figure 24-7 Classic equilateral triangle 60-degree -plasty. (Adapted from Thomas JR, Holt GR: Facial scars, incisions, revision & camouflage, St. Louis, 1989, Mosby.) 

 

Figure 24-8 Multiple small -plasties to improve the appearance of circumferential or pincushioned scars. (Adapted from Thomas JR, Holt GR: Facial scars, incisions, revision & camouflage, St. Louis, 1989, Mosby.) 

 

Figure 24-9 Running -plasty with one area of triangle aligned in parallel with relaxed skin tension lines (RSTL). As scar inclination decreases, the degree of the angles should be increased to keep one arm of the triangle aligned with RSTL. 
(Adapted from Thomas JR, Holt GR: Facial scars, incisions, revision & camouflage, St. Louis, 1989, Mosby.) 

 



Figure 24-10a A, Moderate-sized Mohs defect in left cheek. 

 

Figure 24-10b B, Design of geometric broken line closure that is in parallel with relaxed skin tension lines. C, One month postoperatively. 

 

Figure 24-11 Geometric broken line closure irregularizes the scar to a less predictable pattern, further increasing camouflage. Note parts of geometric shapes in parallel with relaxed skin tension lines. (Adapted from Thomas JR, Holt GR: 
Facial scars, incisions, revision & camouflage, St. Louis, 1989, Mosby.) 



 

Figure 24-12 Dermabrader moved at right angles to direction of wheel rotation. (Adapted from Thomas JR, Holt GR: Facial scars, incisions, revision & camouflage, St. Louis, 1989, Mosby.) 

 

Figure 24-13 A, Patient 6 weeks after full-thickness skin graft to nasal tip. B, Same patient 1 month after dermabrasion of entire nasal aesthetic unit. 

 

Figure 24-14a A, Patient with Mohs defect of nasal tip. B, Intraoperative photo demonstrating design of flap; note the design of the second lobe to lie within aesthetic subunits of the nose. 



 

Figure 24-14b Three weeks postoperatively with typical "pin-cushion" edema seen with bilobed flaps. D, Three months postoperatively. Patient has received three subcutaneous injections of 10 mg/mL triamcinolone delivered 2 weeks apart. 
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Chapter 25 - FACIAL TRAUMA: SOFT-TISSUE LACERATIONS AND BURNS

Kevin A. Shumrick 
Jon B. Chadwell 

INTRODUCTION

Facial soft-tissue injuries are common and have always existed. [15] Because the face is in the lead position, it is often the first recipient of any hostilities or unfortunate events. Many possible facial soft-tissue injuries exist, ranging from the 
uncomplicated pediatric laceration to massive disruptions with deforming sequelae. The physician should keep in mind that facial wounds consist of a physical injury and a strong psychological component; the psychological sequelae arise 
from the important social and self-image role physical appearance plays in our society. Additionally, the trauma of repairing a facial laceration in the emergency room may have a tremendous negative psychological effect on a pediatric 
patient, leaving life-long negative feelings regarding hospitals or physicians. Facial wounds that fail to achieve optimal results (with scarring or deformity) may cause self-image and self-confidence problems that may alter the patient's 
personality and have an impact on the course of the patient's life. This chapter provides an overview of the management of facial soft-tissue injuries and burns, and addresses effective methods for managing the physical damage and 
minimizing the psychological trauma.

CLINICAL HISTORY

An accurate clinical history regarding the cause of facial trauma is invaluable for completely and accurately assessing a wound and, most importantly, for planning appropriate treatment. Unfortunately, many facial injuries—particularly 
pediatric injuries—are not witnessed, or the patient may have an altered sensorium from the trauma or pharmacologic agents; thus, the traumatic event should be reconstructed retrospectively. Much valuable information may be lost 
regarding the wounding agent, the degree of contamination, and other associated injuries. Additionally, the clinician treating pediatric facial trauma should keep in mind the possibility that the facial injuries were not accidental but 
intentionally inflicted; it is the physician's responsibility to investigate any unusual or suspicious injuries to a child.

HISTORY OF TRAUMATIC EVENT

The history should consider the following questions: What was the mechanism of injury? Was the patient mobile, restrained, or stationary? Was the object that caused the injury mobile or stationary? Was the injury the result of blunt trauma, 
penetrating trauma, or both? Can the degree of energy transfer (high vs low) be estimated? Were there coincident fatalities? Were associated thermal or chemical injuries present?

ASSESSMENT OF SOFT-TISSUE INJURIES

Several types of soft-tissue facial injuries are possible, including contusions and avulsions, but the most common soft-tissue injuries are lacerations, particularly in children. Lacerations may range from simple superficial wounds that are 
easily repaired to injuries that involve deeper structures, including muscles, nerves, and ducts. Major lacerations that are improperly treated can leave dysfunctional and deforming sequelae. The most important factor in the treatment of any 
injury is proper initial evaluation and assessment, so that relevant concerns are identified and a comprehensive treatment plan is formulated.

Chart documentation is also an integral part of medical care for follow-up and medicolegal concerns. The following specifics of soft-tissue injury should be noted and documented.

Laceration Shape

A wound that is a straight laceration with clean margins can probably be closed primarily, with an acceptable result. In a stellate wound with multiple trifurcations, wound margins that are very irregular or that have adjacent devitalized tissue 
may have implications for management and outcome. Whereas a simple clean laceration may be repaired primarily, a complicated wound with devitalized tissue may
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require resources that are not available in the emergency room.

Surrounding Soft-Tissue Injury and Associated Contusion

Contusions often result in an irregular disruption of the skin with surrounding devitalized tissue; these wounds should be documented and treated conservatively. The patient (or parents) should be informed that these injuries often result in 



depressed scars, which may benefit from scar revision when the scar is mature.

Loss of Soft-Tissue Coverage or Lining

Although uncommon, actual loss of facial soft tissue has significant implications for wound management and eventual outcome. These injuries should be carefully documented (with photos, if possible) and the patient informed accordingly.

Injury to Structural Margins or Borders

Soft-tissue injuries involving the eyelid, nasal alar rims, auricular helical rims, and the oral stoma should be carefully examined and noted. Full-thickness injuries involving these structures have significant cosmetic and functional 
implications.

Penetrating Soft-Tissue Injuries

Penetrating wounds are dangerous because, although the exterior entrance point may seem relatively benign, the possibility of deeper structures being involved should be considered. A thorough physical examination should be performed to 
rule out the possibility of injury to a significant structure, such as a branch of the facial nerve, the parotid duct, or the lacrimal apparatus. Timely identification is important, because delay in repairing these structures can significantly decrease 
the chances of a successful outcome.

SPECIAL CONSIDERATIONS IN FACIAL SOFT-TISSUE TRAUMA

Although most facial soft-tissue trauma is superficial and involves only the skin and subcutaneous tissue, the treating physician should be aware of the potential for more significant injuries involving deeper structures. Because these injuries 
may be subtle and because younger children may be unable to voice symptoms, recognition of these injuries may be delayed and the final outcome compromised.

Facial Nerve

The status of the facial nerve should be noted and recorded on the initial evaluation of all facial trauma patients. A facial nerve deficit is commonly noted in a delayed fashion. The question then arises as to whether the deficit occurred 
immediately (implying a severance of the nerve, which will require repair or decompression) or on a delayed basis as a result of tissue edema (implying a contusion of the nerve, which will recover spontaneously). Additionally, during the 
repair of a facial laceration with local anesthesia, facial nerve deficit may be noted. If the functional status of the nerve has not been documented at the initial assessment, there will be uncertainty regarding the cause of the palsy and whether 
it is the result of the initial injury, induced by anesthesia (transient), or iatrogenic (during the repair). Transection of the nerve or one of its branches should be established as soon as possible, because early and accurate repair maximizes the 
chances of functional neural regeneration. The distal portion of a transected nerve can be stimulated for up to 72 hours after injury, which facilitates accurate the identification of the distal end of the nerve for reapproximation and repair.

Parotid Duct

Injury to the parotid (or Stensen's) duct should be considered with any deep cheek laceration or penetrating injury. Whereas an injury or transection of the duct is relatively uncommon, the morbidity of an unrecognized and unrepaired ductal 
injury is high and can be avoided with timely surgical intervention. The parotid duct exits the parotid gland at approximately the posterior border of the masseter muscle and then travels across the lateral border of the masseter. At the anterior 
border of the masseter, the duct turns medially and enters the oral cavity just lateral to the second upper molar. The facial nerve lies just lateral to the duct, and there is almost always an associated injury to a buccal branch of the facial nerve 
with any parotid duct injury ( Figure 25-1 ).

 
Figure 25-1 Deep cheek laceration with transection of the parotid duct. A Silastic tube has been passed intraorally, connecting the proximal and distal ends of the duct. Note the severed buccal branch of the facial nerve lateral to the duct. 
Both nerve and duct were repaired with 8-0 monofilament. 

 

Figure 25-2 A patient with infected sialocele from a lacerated parotid duct that was not diagnosed at the time of primary repair. Treatment consisted of anticholinergics and pressure dressings. The salivary drainage stopped after 3 to 4 weeks. 

 

Figure 25-3 A, Medial lid laceration should raise the suspicion of a possible lacrimal duct injury. B, Documentation of lacrimal duct injury with a lacrimal probe; the duct is repaired microsurgically over a Silastic stent with 8-0 
monofilament. C, Note there is no epiphora at 6 months postoperatively. 



 

Figure 25-4 A, Cheek laceration from an automobile windshield. Note the lacrimal probe being used intraorally to check the integrity of the parotid duct. B, Glass particles removed from the wound. Automobile windshield lacerations are 
notorious for leaving embedded glass fragments. C, The results after foreign body removal and meticulous reapproximation of lacerations. 



 

Figure 25-5 Right periocular debris tattooing after a blast injury. The epithelium has sealed the wound, thereby trapping the foreign material and making removal difficult. Note that dermabrasion of the thin eyelid skin is extremely 
dangerous. 

 

Figure 25-6 A basic set of plastic soft-tissue instruments for the emergency repair of facial lacerations. 

 

Figure 25-7 A packet of absorbing gut suture, which has a good needle for soft-tissue repair, handles easily, and is gone from the wound in 3 to 5 days. It is often the preferred suture for uncooperative children or noncompliant adults. 

 

Figure 25-8 Tetracaine, adrenaline, and cocaine (TAC) in a 3-mL vial. TAC is often applied with cotton-tipped applicators, but dental pledgets can also be used. 

 



Figure 25-9 A, Tetracaine, adrenaline, and cocaine-soaked applicator in wound. The patient has not been hurt and is easily distracted from the suturing. B, The final result. Note the faint blanching around the wound, which signifies that the 
solution has taken effect. 

 

Figure 25-10 Commonly available vials of 8.4% sodium bicarbonate, which may be used for buffering local anaesthetics. One mL of sodium bicarbonate is mixed with 9 mL of 1% lidocaine and 1:100,000 epinephrine to achieve a pH of 
approximately 7.0. 

 

Figure 25-11 A, Severe facial contusion resulting from a train-auto accident. Soft-tissue disruption extends beyond the borders of the laceration. This wound has a prognosis for an aesthetic outcome. B, The result at 6 months. Note the loss 
of skin centrally, the depressed scar, and the "pin cushioning" of the triangular segment of skin above the brow. 



 

Figure 25-12 A, Significant soft-tissue contusion with stellate lacerations. B, The result at one year. No tissue was debrided; instead, meticulous attention was paid to accurate soft-tissue realignment with fine suture (7-0). 

 

Figure 25-13 A, Human bite to the ear, with avulsion of the lobule. B, Recovered lobule before replantation. C, Replanted lobule. The patient was managed with antibiotics and hyperbaric oxygen, with complete survival of the lobule. 



 

Figure 25-14 A, Avulsion of a portion of the upper lip secondary to a dog bite. B, Because only a moderate portion was missing, soft-tissue undermining and closure was performed. C, The results at 1 year, showing an acceptable lip scar. 

 

Figure 25-15a A, Massive soft-tissue loss secondary to a shotgun blast. B, The wound is stable and beginning to granulate; it is now ready for wide undermining and closure. 

 

Figure 25-15b C, The wound is closed without the need for flaps or skin grafts. D, An acceptable chin scar 4 months after closure. 



 

Figure 25-16 A, Massive abrasion injury of the left side of the face, with loss of the auricle. B, Because the defect was large and relatively superficial, it was skin grafted. No attempt was made to reconstruct the auricle. 

 

Figure 25-17 A poorly aligned vermilion border distorts the lip contour. 

 

Figure 25-18 A, Upper lip laceration and avulsion. B, Closure with meticulous attention to reestablishing the continuity of the vermilion border. C, The result at 1 year postoperatively. Note that, if the vermilion border is reestablished, the 
rest of the lip will adjust to regain normal symmetry. 



 

Figure 25-19 A, Upper lip laceration from striking a steering wheel. B, The result at 6 months after repair following the principles of accurate vermilion border realignment and three-layer closure. 

 

Figure 25-20 A, Initially benign-appearing laceration of the left nostril of a two-year-old patient. B, However, further investigation shows a full-thickness injury with a laceration of the lower lateral cartilage. A three-layer closure with 
reapproximation of the cartilage was performed. 

 

Figure 25-21 A, Full-thickness nasal injury from a boat propeller. B, Because this injury is extensive, it is best repaired in the operating room under general anesthesia. Mucosal and cartilaginous lacerations were accurately realigned. C, The 
result at 1 year after repair. Note the continuity of the nostril margin and the integrity of the nasal skeleton support. 



 

Figure 25-22a A, Full-thickness knife wound of the right auricle. B, After three-layer closure, with accurate reapproximation of skin and cartilage. 

 

Figure 25-22b C, Follow-up at 6 months showing normal auricular contour. 



 

Figure 25-23 A, Full-thickness lacerations of upper right and lower lids. B, After three-layer repair of lacerations. C, The result at 6 months after repair, showing good continuity of lid margins. 

 

Figure 25-24 A patient with second-degree burns of most of the face, sparing the upper forehead. Note the redness and blistering of the skin, which indicate that it is still viable. 

 

Figure 25-25 Second-and third-degree burns juxtaposed. Note the gray, leather-like appearance of the third-degree burns of the cheek skin as compared with the second-degree injury of the postauricular skin. 

 



Figure 25-26 A patient with third-degree burns over most of the face. Note the singed nasal vibrissae and soot around the nostrils, which indicate that this patient inhaled hot gases and smoke. Patients with these findings are at high risk for 
burns of the respiratory tree. 
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Chapter 26 - MAXILLOFACIAL TRAUMA

Robert M. Kellman 

INTRODUCTION

The term maxillofacial trauma (or craniomaxillofacial trauma, as it might be better described, since the anterior wall and floor of the anterior cranial fossa are included in these injuries) is generally used to refer to the injuries of the facial 
skeleton, and the management of these injuries is sometimes thought of as facial orthopedics. As in this text, soft tissue injuries are often discussed separately. However, accurate repositioning of fractured skeletal fragments has major 
implications for facial aesthetics and soft tissue redraping as well as a significant impact on critical functions such as vision and mastication. Positioning of incisions and the extent of various surgical exposures can influence the final 
appearance of the face and the function of facial structures like the eyelids, lips, and nose. Therefore, the proper management of maxillofacial trauma requires a comprehensive approach. These injuries should be addressed by practitioners 
who are familiar with the various ramifications of skull base, orbital, facial, sinus, dentoalveolar, and airway injuries and, most importantly, by those willing to collaborate when necessary with other specialists who may have overlapping 
areas of expertise. For example, combined facial and anterior skull base injuries are frequently best approached jointly by a neurosurgeon and a craniomaxillofacial surgeon as opposed to the use of separate, independent, and even staged 
management. Although this chapter can only scratch the surface of many of the complex and controversial aspects of craniomaxillofacial trauma management, it will always assume a comprehensive approach to these often complex and 
challenging injuries.

The management of facial injuries has evolved significantly during the past two decades. The evaluation of craniomaxillofacial injuries has changed dramatically with the advent of computerized tomography (CT), which has improved 
dramatically during this interval. Modern CT scanners are exceptionally fast and offer high enough resolution to allow dependable and accurate reconstruction in multiple planes and in three-dimensional (3D) imaging. These advances have 
added greatly to the surgeon's preoperative understanding of the nature of the injuries.

Borrowing from the revolutionary techniques of congenital craniofacial surgery pioneered by Paul Tessier, wider exposures have been possible, and visible scars have been minimized. Wider access has led to a better understanding of 
common fracture patterns and their management, and, as might be expected, taking advantage of the experience gained from extended access approaches, surgeons are now trying to perform the same complex surgeries using less invasive 
techniques.[58] Most recently, these have been improved by taking advantage of the additional visualization offered by endoscopic assistance. * 

Bone repair techniques have evolved as well from the frequent use of interosseous wire repairs and Adams suspension wiring[1] to the common use of rigid fixation with plates and screws. Many early mandibular fixations used large plate with 
large diameter screws,[39] [57] [94] [95] and these repairs have progressed more recently to the frequent use of smaller ("mini-plating") techniques as advocated by Michelet[69] and Champy and colleagues[6] [7] [8] (and more recently, Ellis[18] ). Microplates 
and even absorbable plates have been advocated for the repair of mid and upper facial as well as cranial fractures and osteotomies. Progress in understanding the biomechanical principles involved in facial fracture repair has resulted in more 
dependable repairs, both from the standpoint of the technology and in its application. In addition, while not yet widely available, advanced intraoperative imaging techniques allow for more dependable and accurate restoration of the complex 
3D facial skeletal architecture.[45] [100] 

*References [9] [11] [36] [38] [49] [50] [91] [102] . 
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Advances in implant technology, particularly the wide use of titanium mesh, plates, and screws, have led to better biocompatibility.[79] Porous polyethylene implants seem to be well tolerated in the orbit (at least so far), and such implants 
along with the advent of hydroxyapatite cements have provided a wider variety of options for craniofacial reconstruction. Finally, secondary (late) repair of unsatisfactory results has progressed as well, providing more options for the 
unfortunate patient with a poor outcome due either to an untreated injury or suboptimal initial repair. This chapter will focus primarily on management, including evaluation and primary repair, with mention of complications and the 
treatment of unsatisfactory late outcomes.

ANATOMY, PHYSIOLOGY, AND PATHOPHYSIOLOGY

General

While form and function are the underpinnings of facial anatomy, and generally speaking form is important for function, the facial architecture is also critically important aesthetically. Knowledge of facial skeletal anatomy is necessary for 
understanding the mechanisms and patterns of facial injuries as well as the approaches to their repair. Anatomic depictions are available in many anatomy texts and atlases; the focus herein will be on aspects relevant to injury and repair.

The "face" can be arbitrarily divided into sections, each including bony anatomic structures and associated visceral and soft tissue entities. From superior to inferior, the frontal bones are generally considered the "upper third" of the face. The 
maxillae, zygomas, and orbits compose the "middle third" or "midface" which may include the nose; or the nose and nasoethmoid complex may be separately considered as the "central face." The mandible is generally considered the "lower 
third," although of course the vertical (posterior) portions of the mandible extend superiorly to the skull base, which is well above the lower third.



Upper Third

The frontal bone forms the contour of the forehead. Displaced fractures can create various deformities, the most common of which is a central forehead depression ( Figure 26-1 ). The frontal bone forms the junction between the cranium and 
the face, and it relates to several visceral structures, the most critical of which is the brain. The typically paired frontal sinuses, when present (approximately 85% of the time), are housed completely within the frontal bones ( Figure 26-2 ). 
Frontal bone fractures may involve only the anterior sinus walls, in which case the fractures are significant only for sinus function and cosmesis; or 

 
Figure 26-1 Lateral view of a patient with a depressed central frontal fracture. 

 

Figure 26-2 Front view of the craniofacial skeleton demonstrating the presence of the frontal sinuses within the frontal bone. (From Grant's Atlas of Anatomy with permission.) 

 

Figure 26-3 A, Frontal and B, lateral view of the craniofacial skeleton demonstrating the broad attachment of the zygomatic bone to the maxilla extending from the infraorbital rim inferolaterally. (Redrawn from Grant JCP: Grant's Atlas of 
Anatomy, Baltimore, 1972, Williams & Wilkins. Used with permission.) 



 

Figure 26-4 Schematic representation of axis of the globe extending from the lateral orbital wall to the lacrimal bone. The entire lateral wall is behind the axis of the globe, whereas only a portion of the floor is so situated. (Redrawn from 
Pearl RM: Treatment of Enophthalmos, Clin Plast Surg 19(1), 1992.) 

 

Figure 26-5 Front view of the partially dissected face. The infraorbital nerve is seen exiting the infraorbital foramen. (Reproduced with permission from Grant's Atlas of Anatomy, #470.) 



 

Figure 26-6 Bony orbital anatomy demonstrating the contributions of multiple bones. (Reproduced with permission from Zide and Jelks). 

 

Figure 26-7 A cut-away view of the medial canthal complex. In this view, a suture near the nose is around the superior component and the suture pulling laterally is around the anterior component which has been severed. The posterior 
component is running behind the anterior component and is fixing the medial structures to the posterior lacrimal crest. (Reproduced with permission from Zide, Jelks: Surgical anatomy of the orbit, p 45). 

 

TABLE 26-1 -- FACIAL ARCHITECTURE

Facial Crumple Zone Area Protected

Medial orbital wall Optic nerve, globe

Orbital floor Globe

Maxillary sinus Globe, middle cranial fossa

Ethmoid sinus Globe, optic nerve, anterior cranial fossa, middle cranial fossa

Frontal sinus Anterior cranial fossa

Sphenoid sinus Carotid arteries, cavernous sinuses

Face as a whole Cranial cavity

Condylar necks of mandible Middle cranial fossae
 
mentum will, not uncommonly, result in bilateral subcondylar fractures. The condylar neck extends inferiorly into the vertical ramus, which is also relatively thin compared with the tooth-bearing body and symphyseal regions of the bone. 
However, fractures of the vertical ramus (other than extensions of subcondylar fractures) are relatively uncommon, presumably due to the protective effects of the muscular sling provided by the muscles of mastication, all of which attach to 
aspects of the vertical rami. The powerful masseter muscle attaches broadly to the inferolateral surface of the ramus whereas the pterygoids attach to the medial
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surface. The temporalis attaches to the coronoid process, a superior extension of the anterior ramus. The angle region of the mandible occurs at the posterior extent of the tooth-bearing region and is a common area for fracture. Fractures here 
extend from the thick, tooth-bearing area in the third molar region posteroinferiorly into the much thinner bone of the ramus. The presence of the third molar tends to thin the bone superiorly, and tension of the muscle sling may also splint 
the area creating a natural break point. Fractures in this region are particularly difficult to stabilize, and repairs have traditionally resulted in the highest rates of complications (see below). As might be predicted, the mandible is thickest in the 
tooth-bearing areas. The anterior portion from canine to canine is referred to as the symphyseal region or symphysis (sometimes arbitrarily divided into symphysis in the midline and parasymphyseal regions on either side of the midline), and 



from canine to angle the body of the mandible contains the two premolar (bicuspid) and three molar teeth.

Another unique aspect of mandibular anatomy is the presence of the inferior alveolar nerve. A branch of the third division of the trigeminal nerve, it enters the mandible at the lingula and travels beneath the tooth roots that it supplies, exiting 
the mental foramen as the mental nerve generally in the region of the first bicuspid tooth. It is important to keep in mind, when repairing mandibular fractures, that the mental foramen does not generally represent the most inferior position of 
the nerve, and this must be considered when placing hardware on the mandible in the body region behind the mental foramen.

A common classification scheme for mandible fractures uses the terms favorable and unfavorable [98] ; however, since this scheme has no impact on management, it will not be addressed here. It is also important to be familiar with the 
changes that take place in the mandible with age and tooth loss. When people lose teeth, the normal stresses on the bone are significantly altered, and bone remodeling tends to result in atrophy of the alveolar portion of the bone. The tooth-
bearing portions of the mandible atrophy from the top down, bringing the inferior alveolar nerve closer and closer to the oral surface; in extreme cases, it can even rest on top of the bone. In addition, atherosclerosis of the inferior alveolar 
artery occurs, limiting the blood supply to the thin atrophic bone.[4] This has significant implications for repair of these fractures.

Fractures of alveolar segments, tooth fractures, and tooth avulsions are beyond the scope of this chapter.

Knowledge of basic dental anatomy and familiarity with normal and common abnormal occlusal relationships are important for anyone treating fractures in the tooth-bearing facial bones. Therefore, these topics will be reviewed here. The 
normal adult complement is 32 teeth, with eight in each quadrant of the maxilla and mandible. Common numbering of these in the United States is from 1 to 32, starting from the right maxillary third molar (#1) counting toward the left with 
the left maxillary third molar being #16, the left mandibular third molar #17, and ending with the right mandibular third molar as #32. (Pediatric and European systems will not be discussed here.) The dental surfaces contain cusps for 
chewing and grooves between these cusps, and in multicusp teeth these are identified by their positions: mesial (toward the incisors), distal (toward the posterior mandible or maxilla), buccal (toward the cheek), and lingual (toward the 
tongue). Occlusion is complex and has many aspects, but a normal molar relationship has been defined by Angle (as cited by Wilson and Hohmann[106] ) as the "mesio-buccal cusp of the maxillary first molar sitting within the mesio-buccal 
groove of the mandibular first molar." This is Angle's class I. When the maxillary molar is more anterior (chin generally relatively retruded) it is class II, and when the maxillary molar is more posterior (chin relatively pronathic) it is Angle's 
class III. The maxillary arch should be wider than the mandibular, and when the maxillary buccal cusps fall lingual to the mandibular buccal cusps, it is a crossbite on that side. Similarly, anteriorly, the maxillary teeth should extend anterior 
to the mandibular teeth, and this is defined as a normal overjet. The maxillary incisors should also overlap the mandibular incisors vertically, defined as a normal overbite[44] ( Figure 26-8 ).

 
Figure 26-8 Overbite is the vertical overlap of the maxillary incisors over the mandibular incisors. Overjet indicates the horizontal extension anteriorly of the maxillary incisors forward of the mandibular incisors. (Redrawn from Bailey BJ: 
Atlas of Head & Neck Surgery—Otolaryngology, ed 2, Philadelphia, 1998, Lippincott-Raven.) 

 

Figure 26-9 Metric relationship of normal and abnormal intercanthal distances to interpupillary distance in traumatic telecanthus. (Redrawn from Holt JR, Holt GR: Ocular and orbital trauma. Washington, D.C., 1983, American Academy of 
Otolaryngology-Head and Neck Surgery Foundation.) 

 

Figure 26-10 Axial CT demonstrates markedly displaced anterior and posterior walls of the frontal sinus. 



 

Figure 26-11 A, A coronal scan clearly demonstrating a complete blowout fracture of the right orbital floor. B, An axial scan demonstrating a medial orbital blowout fracture. 

 

Figure 26-12 A, The right zygomatic arch in the presence of a trimalar (tripod) fracture. While it appears grossly intact on this view, this is in fact not the normal contour of the arch. The shape here is too much of a "true arch," which is not 
the actual natural shape. B, The left zygomatic arch on the same patient has the more normal appearance with the anterior portion of the arch being relatively flat followed by the convexity of the posterior portion. C, The two arches together, 
demonstrating that the abnormal contour on the right side of the patient (left side of the figure) is the result of the zygomatic fracture. 



 

Figure 26-13 Le Fort I fracture is a horizontal fracture that separates the bone containing the maxillary dentition from the remainder of the craniofacial skeleton. The Le Fort II fracture is a "parametal" fracture that extends across the maxilla 
through the infraorbital rim and orbital floor up through the medial orbital wall and across the nasal root area, then across similarly the other side. The LeFort II fracture is the true craniofacial separation that includes fractures of the 
zygomatic arches and frontozygomatic areas, then crosses the lateral inferior and medial orbits and is completed across the nasal root. Note that all Le Fort fractures cross the nasal septum and pterygoid plates. 

 

Figure 26-14 Naso-orbital ethmoid fractures have been classified as Type I, Type II, and Type III by Markowitz and others.[66] Type I fractures include a solid central segment to which the medial canthus is attached. Type II injuries are more 
comminuted than Type I but still leave a central segment to which the medial canthus is intact. In Type III injuries, the bone is shattered and there is no solid bone to which the medial canthal tendon is attached. (Redrawn from Markowitz BL 
and others: Management of the medial canthal tendon in nasoethmoid orbital fractures: the importance of the central fragment in classification and treatment. Plast Reconstr Surg 87(5):843–853, 1991.) 



 

Figure 26-15 A, A coronal incision broken up by irregularization. B, Even when the hair is relatively short, the irregularization of the incision allows it be well hidden beneath the hair. 

 

Figure 26-16 The skin can then be elevated posteriorly over the pericranium, which is then incised more posteriorly and elevated with the anterior skin flap, thus creating a long, anteriorly based pericranial flap for later use. 

 

Figure 26-17 The upper lid blepharoplasty incision provides excellent access to the lateral orbital rim and lateral orbit. (Redrawn with permission from Bailey BJ, Calhoun KH: Atlas of Head & Neck Surgery—Otolaryngology, Philadelphia, 
2001, Lippincott William & Wilkins.) 



 

Figure 26-18 The platysma is incised two fingerbreadths below the mandible to minimize the risk to the facial nerve. 

 

Figure 26-19 The mid body is difficult to reach through an external incision. The direction of the submental incision is different than the direction of the submandibular incision. Sometimes greater length can be obtained by combining these 
two incisions in a Z-plasty fashion. 

 

Figure 26-20 Vertical incision just posterior to the mandible through skin and subcutaneous tissue to the depth of the platysma muscle. (Reprinted with permission from Ellis E III, Zide MF: Surgical Approaches to the Facial Skeleton, 
Philadelphia, 1994, Lippincott Williams & Wilkins, p 143.) 

 



Figure 26-21 The mandible provides support to the dentition during biting and chewing. Since this bone swings from the cranium, forces generated when a bolus of food is compressed between the teeth result in a fulcrum effect that 
generates tension and compression zones in various areas. 

 

Figure 26-22 A, The lateral vertical buttress of the midface extends from the frontal bone along the frontozygomatic area and down across the strong bone of the zygomaticomaxillary area. B, The medial vertical buttress extends from the 
frontal bone across the frontonasal region and down across the nasomaxillary junction, encompassing the thick bone of the pyriform aperture. 

 

Figure 26-23 When force is applied anteriorly along the dental surface, the posterior portion of the mandible was held in place by the mandibular musculature. This results in the generation of a compressive force along the inferior border 
while the superior border is distracted (an area of tension). (Redrawn from Kellman RM, Marentette LJ: Atlas of Craniomaxillofacial Fixation, New York, 1995, Raven Press.) 

 

Figure 26-24 Although screws can be placed quickly and easily, they offer several disadvantages, the most common of which is the frequent penetration of tooth roots when placing them. 

 

Figure 26-25 The anterior frontal sinus wall was unilaterally severely comminuted in this patient. The sinus was therefore obliterated using hydroxy apatite cement, which was simultaneously used to create a satisfactory contour. 

 

Figure 26-26 A, This is an example of a planned Le Fort I osteotomy repaired using "L" and "J" plates. B, An alternative repair using 1.0-mm box plates. The geometric shape of these plates adds additional strength to the repair. 



 

Figure 26-27 A, This demonstrates the repair of a split palate by the placement of a plate across the fracture in the anterior maxilla. B, This demonstrates direct placement of a plate along the palatal fracture. C, Similar to (B), this 
demonstrates the use of a "box plate" to lend greater stability to the palatal fracture repair. (Redrawn from Bailey BJ, Calhoun KH: Atlas of Head & Neck Surgery-Otolaryngology, Philadelphia, 2001, Lippincott William & Wilkins.) 

 

Figure 26-28 Diagrammatic representation of rigid fixation of LeFort I and II level fractures with miniplates. Note that the right maxillary defect is repaired with a bone graft. The bone graft is lagged to the bone on either end so that the 
bone graft itself functions as the rigid fixation device. (Redrawn from Kellman RM, Marentette LJ: Atlas of Craniomaxillofacial Fixation, New York, 1995, Raven Press.) 



 

Figure 26-29 Diagrammatic representation of repair of the nasal frontal region with small plates and screws. (Redrawn from Kellman RM, Marentette LJ: Atlas of Craniomaxillofacial Fixation, New York, 1995, Raven Press.) 

 

Figure 26-30 A diagrammatic representation of a suture passing through the left medial canthal ligament and then through the lacrimal bone behind the nasal root. It is then fixed to the contralateral frontal bone. This allows appropriate 
tension to be placed on the medial canthal ligament for proper repositioning. (Redrawn with permission from Bailey BJ, Calhoun KH: Atlas of Head & Neck Surgery—Otolaryngology, Philadelphia, 2001, Lippincott William & Wilkins.) 

 

Figure 26-31 With the ligaments exposed (generally via a coronal incision), a permanent suture or wire is passed through the ligament and the suture is passed through the area of the posterior lacrimal crest (which may or may not be 
present), behind the nasal bones, through the nasal septum, out the same area on the contralateral side (using extreme caution to avoid injury to the contralateral globe), where it may be fixed either to the contralateral frontal bone. (Redrawn 
from Bailey BJ, Calhoun KH: Atlas of Head & Neck Surgery-Otolaryngology, Philadelphia, 2001, Lippincott William & Wilkins.) 

 

Figure 26-32 An example of an anterior mandibular fracture repair using two lag screws. 
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such materials in the repair of many if not all facial fractures. Currently, one of the intrinsic problems with resorbable materials is that they break down faster when the stresses acting on them are greater. This makes them less useful for 
fractures in high stress-bearing areas. Hopefully, such problems will be overcome with new materials.

Finally, bone replacement materials and glues are currently under intense study. Combined with proteins that modulate bone healing, it may not only become possible to repair bones more effectively, but the technology of reconstruction and 
guided healing may allow for controlled repair and reshaping of the facial skeleton.
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Chapter 27 - RECONSTRUCTION OF FACIAL DEFECTS

Shan R. Baker 

INTRODUCTION

Skin cancer is the most common cancer of humans, and most skin cancers occur on the face. The incidence of squamous cell carcinoma, basal cell carcinoma, and melanoma is increasing, perhaps because of the depletion of the ozone layer 
or other environmental factors not yet determined. Most cutaneous malignancies are managed surgically, leaving skin defects that require reconstruction. Skin cancers, birth defects, and injuries as a result of trauma and burns require that 
surgeons be skilled in the repair of facial defects. This chapter addresses the management of many types of facial defects, primarily those resulting from ablation of cutaneous malignancies. However, the principles of local flap design and 
tissue movement can be readily applied to the reconstruction of all forms of facial defects.

Most facial defects result from ablation of cutaneous malignancies, and most cases can be repaired by primary wound closure or with a local cutaneous or musculocutaneous flap. Because the topic of facial reconstruction is extremely broad 
and complex, this chapter discusses only local flaps and grafts in the repair of facial cutaneous defects with the occasional appropriate reference to the repair of skeletal deficiencies. Other publications better address the use of regional flaps 
in facial reconstruction.[5] [7] [12] 

The face can be divided into aesthetic facial units, which include the forehead, cheeks, eyelids, nose, lips, auricles, and sometimes the scalp. Reconstruction of some of these areas of the face are discussed elsewhere in this textbook. A 
multitude of different flaps and grafts can be used to repair a given facial defect; thus, several techniques for repair of a given aesthetic facial unit are discussed. The algorithm in Figure 27-1 displays an approach for analyzing and developing 
a management plan for surface defects of the face and neck. The selection of a specific flap depends on the location and size of the defect and the intrinsic properties of the flap. Larger defects of the face and neck may be difficult to resurface 
with local flaps without considerable impairment in form or function. In such circumstances, the surgeon should select a regional flap or skin graft that might be aesthetically less pleasing but will provide a functional repair. These decisions 
are determined by clinical judgment. The greater the experience of the surgeon, the better will be the clinical judgment.

CLASSIFICATION OF LOCAL FLAPS

Several methods are used to classify cutaneous flaps[3] [16] : (1) by arrangement of their blood supply (e.g., random vs arterial); (2) by configuration (e.g., rhomboid, bilobe); (3) by location (e.g., local, regional, distant); and (4) by the method of 
transferring the flap. Local cutaneous flaps are designed immediately adjacent to or near the location of the defect. When classified by method of transfer ( Box 27-1 ), local flaps are divided into pivotal, advancement, and hinged categories. 
A fourth method of tissue movement is microsurgical, although this method does not apply to local flaps. Most local flaps are moved, in reality, through a combination of pivoting and advancement. For example, most pivotal flaps are aided 
in tissue movement by using the intrinsic elasticity of the flap through stretching (advancement). Thus, surgeons often speak of combined mechanisms of tissue movement, such as advancement rotation flap. For classification purposes, 



however, the major mechanism of tissue transfer should dictate the term given to describe a particular flap, unless both mechanisms are of approximately equal importance, in which case the terms describing both mechanisms should be used.

PIVOTAL FLAPS

The three types of pivotal flaps are rotation, transposition, and interpolated (see Box 27-1 ). All pivotal flaps are moved toward the defect by rotating the base of the flap around a pivotal point. Except with island axial flaps, which have been 
skeletonized to the level
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Figure 27-1 Skin defect repair. 

 
 

Box 27-1. LOCAL FLAPS CLASSIFIED BY TISSUE MOVEMENT

Pivotal flaps 
 
Rotation 
 
Transposition 
 
Interpolated 
 
Advancement flaps 
 
Pedicle 
 
Bipedicle 
 
V-Y 
 
Hinged flap 
 

 
 
Rotation Flaps

Rotation flaps are pivotal flaps that have a curvilinear configuration. They are designed immediately adjacent to the defect and are best used to close triangular defects ( Figure 27-3 ). Rotation flaps are usually random in their vascularity but, 
depending on the 

 
Figure 27-2 The effective length of a pivotal flap moving through an arch of 180 degrees is reduced 40%. (Adapted from Gorney M: Tissue dynamics and surgical geometry. In Kernakian DA, Vistnes LM, editors: Basic concepts of 
reconstructive surgery, Boston, 1977, Little, Brown.) 



 

Figure 27-3 A, Rotation flaps are pivotal flaps with curvilinear configuration. Removal of a Burow's triangle can facilitate repair of the donor site. B, Standing cutaneous deformity will form at the base of the flap. Triangle-shaped defects 
use a portion of this redundant tissue. (From Baker SR, Swanson N: Local flaps in facial reconstruction. St. Louis, Mosby, 1995.) 

 

Figure 27-4 A, Transposition flaps have a linear configuration. B, The greatest line of wound closure tension is between the pivotal point and the most peripheral point of the flap. (A, Adapted from Baker SR, Swanson N: Local flaps in facial 
reconstruction, St. Louis, Mosby, 1995.) 

 

Figure 27-5 Interpolation flaps are pivotal and have a linear configuration. The pedicle passes over intervening tissue and requires subsequent division. 



 

Figure 27-6 A and B, A pedicle advancement flap is created by parallel incisions, which allow a tissue to slide in a single vector toward the defect. Secondary movement of surrounding skin immediately adjacent to the defect occurs in a 
direction opposite the direction of the flap. (Adapted from Baker SR, Swanson N: Local flaps in facial reconstruction, St. Louis, Mosby, 1995.) 

 

Figure 27-7 A and B, Bilateral advancement flaps with excision of Burow's triangles. 



 

Figure 27-8 A and B, A V-Y advancement flap augments columellar length. 

 

Figure 27-9 A and B, A V-Y advancement flap corrects ectopian of vermilion. (Adapted from Baker SR, Swanson N: Local flaps in facial reconstruction, St. Louis, Mosby, 1995.) 

 

Figure 27-10 A through C, Nasal topographic aesthetic units. (Adapted from Baker SR, Swanson N: Local flaps in facial reconstruction, St. Louis, Mosby, 1995.) 



 

Figure 27-11 For full-thickness defects of the ala with a vertical height of 1.5 cm or less, one can use a bipedicle mucosal advancement flap for internal lining. The donor site is closed with a thin full-thickness skin graft. (Adapted from 
Baker SR, Swanson N: Local flaps in facial reconstruction, St. Louis, Mosby, 1995.) 

 

Figure 27-12a A, A skin and soft tissue defect extends from alar lobule into medial cheek. The cheek advancement flap is designed to repair cheek defect. Separate subcutaneous pedicle transposition flap is designed to resurface the alar 
lobule after placement of auricular cartilage graft (arrows) along the missing alar margin. B, Two flaps are in position. 



 

Figure 27-12b C and D, Three weeks after transfer of transposition flap, the pedicle is separated and the distal flap is sculptured to reconstitute the alar nasal crease. The standing cutaneous deformity from the cheek advancement flap is 
removed in the melolabial sulcus. E and F, Preoperative (E) and 1 year postoperative (F) view. Harvesting the transposition cheek flap from jowl area reduces asymmetric fullness of the melolabial folds. 

 

Figure 27-12c G and H, Preoperative (G) and 1-year postoperative (H) view. The reconstituted alar nasal crease simulates original crease by aggressively debulking flap at the time of inset. 



 

Figure 27-13 A and B, Ipsilateral hinged flap can be used to restore internal lining of full-thickness nasal sidewall defects with a vertical height of 2.5 cm or less. In such instances, exposed septal cartilage is removed to allow septum to heal 
by second intention. C through E, For defects greater than 2.5 cm in vertical height, a second contralateral septal mucosal hinged flap is required to supplement ipsilateral flap. 



 

Figure 27-14a A through C, A composite pivotal septal flap is used to replace structure and internal lining for central defects of the tip and dorsum. 

 

Figure 27-14b D through F, A similarly constructed composite flap can be used to reconstruct internal lining and skeletal support for the nasal dorsum. (Adapted from Baker SR, Swanson N: Local flaps in facial reconstruction, St. Louis, 
Mosby, 1995.) 



 

Figure 27-15a A and B, Full-thickness defect of the nasal tip and columella. Medial and intermediate crurae of lower lateral cartilages are absent. C, Composite pivotal septal flap turned outward to provide structure and mucosa for 
reconstruction. Bilateral hinged septal mucosal flaps have been turned downward to provide internal lining to the missing nasal tip. D, Septal cartilage from the composite flap replaces medial crura whereas auricular cartilage grafts replace 
dome cartilage bilaterally. E, The paramedian forehead flap is designed to resurface the nasal tip and columella. 

 

Figure 27-15b F and G, Preoperative (F) and 1-year postoperative (G) profiles show enhanced tip projection after reconstruction. H and I, Preoperative (H) and 1-year postoperative (I) views show restored tip definition and shape. 



 

Figure 27-16a A and B, Paramedian forehead flaps are preferred for resurfacing large skin defects of the nasal tip or dorsum. A narrow pedicle enhances effective flap length. 

 



Figure 27-16b C and D, Preoperative and 2-year postoperative view. Note symmetry of medial brows after detachment of the pedicle. E and F, Preoperative and 2-year postoperative view. 

 

Figure 27-17 Correction of upper lip defects. 

 

Figure 27-18 Correction of lower lip defects. 



 

Figure 27-19 A, A small skin defect confined to the philtral aesthetic subunit. B, A V-Y musculocutaneous island pedicle flap is designed within the subunit. C, Flap advancement. D, The 7-month postoperative view. 

 

Figure 27-20 A and B, Superiorly based Estlander flap is designed so the resulting donor site scar lies within or parallel to melolabial sulcus. Mucosal advancement assists in correcting discrepancies in vermilion vertical height of flap and 
recipient site. (Adapted from Baker SR, Swanson N: Local flaps in facial reconstruction, St. Louis, Mosby, 1995.) 



 

Figure 27-21a A and B, Extensive skin defect of upper lip and cheek. A full-thickness loss of the alar lobule is present. Repair of cheek and lip defects are planned with flaps harvested from separate aesthetic units of the face. Repair of the 
alar defect is delayed. C and D, Preoperative (C) and 1-year postoperative view (D). The alar lobule was reconstructed with a hinged septal mucosal flap, auricular cartilage graft, and paramedian forehead flap. 



 

Figure 27-21b E and F, Preoperative (E) and 1-year postoperative view (F). 

 

Figure 27-22 A and B, Bilobed flaps represent a double transposition flap with a single pivotal point. (Adapted from Baker SR, Swanson N: Local flaps in facial reconstruction, St. Louis, Mosby, 1995.) 

 

Figure 27-23 A, A rotation flap designed to repair medial cheek defect. B, The flap in position. The border of the flap extends above the level of the lateral canthus. C, The 7-year postoperative view. 



 

Figure 27-24a A, A large cheek defect in a 40-year-old female smoker. No redundant cheek skin is available because of the patient's age. B, A bilobed cheek and neck flap designed for repair. 



 

Figure 27-24b C, The flap is transferred. The flap was dissected beneath the superficial musculoaponeurotic system, which allowed great wound closure tension without compromise of skin vascularity. D, The 3-month postoperative view. 

 

Figure 27-25 A, The V-Y advancement flap designed to repair medial cheek defect. B, The flap is based on the subcutaneous pedicle. C, The flap is positioned in a recipient site. D, The 5-month postoperative view. 



 

Figure 27-26 A, A large medial cheek defect. B, A superiorly based transposition flap designed for repair. C, The 2-month postoperative view. 



 

Figure 27-27 A and B, Closure of large midline forehead defects are often facilitated by W-plasties inferior or M-plasties superior to the border of the defect. (Adapted from Baker SR, Swanson N: Local flaps in facial reconstruction, St. 
Louis, Mosby, 1995.) 

 

Figure 27-28a A, The medially based advancement and laterally based advancement rotation flap designed to repair lateral forehead defect. B, The flaps advanced. A standing cutaneous deformity of the laterally based flap is removed in 
periocular rhytid. 

 

Figure 27-28b C, The 6-month postoperative view. 



 

Figure 27-29 A and B, A T-shaped repair of a lateral forehead defect. (Adapted from Baker SR, Swanson N: Local flaps in facial reconstruction, St. Louis, Mosby, 1995.) 
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Chapter 28 - HAIR RESTORATION: MEDICAL AND SURGICAL TECHNIQUES

Benjamin M. Loos 
Sheldon S. Kabaker 

INTRODUCTION

Throughout history, powerful cultural symbolism has been associated with hair—both its length and its loss. An individual's hair plays an important role in his or her overall appearance. Framing the face, hair helps to draw the observer to the 
focus of the face: the eyes. Hair also conveys nonverbal clues about an individual's age and personality. Long, luxuriant hair is associated with youthfulness and physical attractiveness. Balding, thinning, and graying hair signifies maturity 
and advanced age.

As a result, hair restoration has long been considered an integral part of facial rejuvenation. Scalp hair loss—alopecia—can dramatically affect an individual. In fact, alopecia has been associated with significant changes in self-image, 
psychological well-being, and even success in career.[6] Hair loss draws attention to the forehead, the scalp, and the shape of the head and distracts the viewer from the central face and eyes. Hair loss can be a source of tremendous patient 
concern and anxiety. Subsequently, individuals invest considerable time and money in seeking treatment.

Unfortunately, neither gender escapes the difficulties associated with hair loss. In women, greater distress may be associated with even minimal hair loss, because alopecia in women is a less common and accepted problem.[6] Although 
alopecia is the result of several different processes, the most common cause remains androgenetic alopecia (AGA). In men, AGA is characterized by the classic hereditary male-pattern baldness. In women, it manifests as a diffuse thinning 
with an intact anterior hairline, although occasionally a male-pattern type of hair loss can occur. AGA affects more than half of the male population and up to 40% of women over the age of 70.[5] [15] 

Aging and hair loss are dynamic processes. Therefore, the goal of treatment should be to create and maintain an appearance that remains natural over time. In recent years there has been an explosive growth in techniques for the management 
of alopecia. New advances in both medical and surgical treatments have been developed and modified to achieve more natural-appearing and undetectable hair restoration. Current medical therapies provide powerful treatment options that 
arrest hair loss and, in some patients, provide hair regrowth. Advanced surgical techniques such as follicular-unit hair transplantation have replaced the traditional procedures such as plug grafts, scalp reductions, and rotational flaps to 
become the state of the art in terms of inconspicuous hair restoration. The goal of this chapter is to provide an overview of the pathophysiology, the evaluation, and the current medical and surgical management of hair loss.

PATHOPHYSIOLOGY

The average scalp has approximately 100,000 to 150,000 hairs. [1] Each hair contains both a matrix that is located below the dermis and a visible hair shaft (see Figure 28-1 ). The matrix lies beneath the dermis in the subcutaneous fat at the 
base of the hair follicle and contains rapidly dividing cells that migrate superiorly into the zone of keratinization. In this zone, cells undergo a process of dehydration and chemical change that results in the formation of the hair shaft, which is 
a dense mass of dead keratinized cells. As more cells are added to the base of the follicle, the shaft is displaced superiorly, and the hair shaft grows to become visible at the surface.



The formation of hair is a cyclical process that has periods of growth, involution, and rest. The majority of hair follicles in the scalp (approximately 90%) are in the growth, or anagen, phase. For the scalp, this growth phase lasts 
approximately 1000 days and is longer in women than in men. The next stage is the catagen or involutional phase, in which less than 1% of the hair follicles are present at a given time. This stage is quite short and lasts for less than two 
weeks for scalp hair. Entry into this stage is random in
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Figure 28-1 Anatomy of the hair follicle and the different phases of the hair cycle: A, anagen; B, catagen; and C, telogen. Structures labeled include the arrector pili muscle (APM), bulge (B), cortex (C), dermal papilla (DP), epidermis (E), 
inner root sheath (IRS), matrix (M), medulla (Md), outer root sheath (ORS), and sebaceous gland (S). Panel A adapted from Bennett RG: Anatomy and physiology of the skin. In Papel ID, editor: Facial plastic and reconstructive surgery, ed 
2. Papel, New York. 2002, Thieme, p 11. Panels B and C modified from Cotsarelis G, Sun TT, Lavker RM: Label-retaining cells reside in the bulge area of pilosebaceous unit: implications for follicular stem cells, hair cycle, and skin 
carcinogenesis, Cell 61:1329, 1990, as reprinted in Stough DB, Haber RS, editors: Hair replacement: surgical and medical. St Louis, 1996, Mosby, p 222. 

 

TABLE 28-1 -- VARIOUS ETIOLOGIES OF ALOPECIA

Diffuse hair loss Focal hair loss

••Nonscarring ••Nonscarring

••Androgenetic alopecia ••••Androgenetic alopecia

••Alopecia areata ••••Alopecia areata

••Anagen effluvium ••••Trichotillomania

••Congenital hypotrichosis or atrichia ••••Traction alopecia

••Hair shaft abnormalities ••••Hair shaft abnormalities

••Syphilis ••••Tinea capitis

••Telogen effluvium ••••Syphilis

••••Thyroid disorders  

••••Post-partum ••Scarring

••••Postmenopause ••••Lacerations

••••Drug induced ••••Postsurgical

••••Iron deficiency ••••Burns

••••Malnutrition ••••Radiation

••••Physiologic stress ••••Neoplasms

••••Psychological stress ••••Discoid lupus erythematosus

 ••••Sarcoidosis



 ••••Dermatomyositis

 ••••Lichen planopilaris

 ••••Scleroderma variant morphea

 ••••Temporal arteritis

 ••••Bacterial folliculitis

 ••••Herpetic infections
 
predisposition, and age.[15] The interaction of several genes (polygenic) and certain environmental factors influence the expression of hair loss.[2] [25] It is most important to note that androgens play a critical role in the development of hair loss. 
No expression of baldness occurs in the absence of circulating androgens.

Hair follicles on the scalp are genetically predisposed to be either sensitive or resistant to androgenic factors that inhibit hair growth. Autograft studies have demonstrated this genetic predisposition. For example, hair follicles from the 
occipital scalp that are immune to androgens were transplanted to the bald frontal scalp and continued to grow. These findings established the concept of donor dominance and the basis for successful hair-graft transplantation.[39] 

Various androgens variably affect different regions of hair growth. Testosterone influences axillary and public hair growth, whereas dihydrotestosterone (DHT) affects beard growth and scalp hair, specifically the development of AGA.[42] In 
addition, a hair's sensitivity to androgens may change over time; this accounts for the effect of age, puberty, and possibly environment.

Extensive hair loss in men is not necessarily a reflection of an overall increase in testosterone. Two enzymes play critical roles in AGA ( Figure 28-2 ). The 5-alpha reductase enzyme is responsible for the metabolism of testosterone into 
DHT, which is the androgen that is most directly associated with the inhibition of hair growth and AGA. The cytochrome P-450 aromatase enzyme also has an important role in the hormonal pathway. Aromatase metabolizes testosterone into 
estradiol and androstenedione into estrone.[45] A decrease in aromatase consequently increases the amount of testosterone that will be metabolized into DHT via the 5-alpha reductase pathway. Therefore, AGA is mediated by increased 5-alpha 
reductase activity and by the lack of aromatase enzyme in specific regions of the scalp, thereby resulting in higher levels of DHT.

The end result of this androgen-mediated process in the development of AGA is the miniaturization of susceptible hair follicles. The follicles become progressively smaller in size and have shorter periods of growth so that coarse, terminal 
hairs progress through a thinner, more lightly pigmented intermediate phase before they are replaced by fine vellus hairs (see Figure 28-3 ).[34] In women, this process may advance beyond the stage of vellus hairs to produce a bald scalp that is 
completely free of hair.

Other Etiologies

Although androgenetic alopecia is the most common cause of hair loss, a variety of other etiologies should
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Figure 28-2 The androgen metabolic pathway within the skin. Both 5-alpha reductase and aromatase have significant roles in androgenetic alopecia. From Stough DB, Haber RS, editors: Pathophysiology of androgenic alopecia, St Louis, 
1996, Mosby, p 11. 

 

Figure 28-3 Miniaturization of the hair follicle in androgenetic alopecia. Hair grows for shorter periods of time, becoming smaller, finer, and lighter as it approaches the vellus stage. From Stough DB, Haber RS, editors: Pathophysiology of 
androgenic alopecia, St Louis, 1996, Mosby, p 9. 



 

Figure 28-4 Norwood classification of the most common types of male-pattern baldness. From Norwood OT: Male pattern baldness: classification and incidence, South Med J 68:1359, 1975. Courtesy of Charles C. Thomas, Publisher, Ltd, 
Springfield, Illinois. 

 

Figure 28-5 Ludwig classification of female-pattern baldness. From Montagna W, Parakkal PF: The structure and function of the skin, ed 3. New York, Academic Press, 1974. 

 

Figure 28-6 The initial consultation must foster the open discussion of realistic and obtainable goals. From Quinlan P: The Consultation, p. 29. 



 

Figure 28-7 The classic "doll's hair" appearance results from circumferential contracture and compression of the hair follicle after placement of 4-mm punch grafts. 

 

Figure 28-8a A, Preoperative and B, postoperative photographs after three sessions of follicular-unit hair transplantation using approximately 1500 grafts per session. 

 

Figure 28-8b 



 

Figure 28-9 The anterior hairline, or trichion, should generally begin 6 to 8 cm above the glabella, in accordance with the rule of thirds of facial analysis. Its exact placement may need to be higher to create a more aesthetically acceptable 
appearance in the setting of significant hair loss and regression. From Stough DB, Haber RS, editors: Hair replacement: surgical and medical. St Louis, Mosby, 1996, p 170. 

 

Figure 28-10 The recipient sites are marked out on the scalp in a grid pattern of 1 cm2 . 

 

Figure 28-11 The donor strip is marked off within the hair fringe, where the hair follicles are relatively resistant to the effects of dihydrotestosterone. 

 

Figure 28-12 The dissection of the donor strip is carried out within the subcutaneous fat layer, below the hair follicles. 



 

Figure 28-13 A, Under 10× magnification, the donor strip is carefully cut into slivers of follicular units. B, These are dissected into individual follicular-unit grafts that contain one to three hairs. 

 

Figure 28-14 The incisions at the recipient sites are made with 1.3- or 1.5-mm Minde blades in the same direction and angulation from the scalp as the surrounding hairs. 

 

Figure 28-15 Using fine-pointed forceps, the grafts are individually placed within the recipient slits, with attention given to proper orientation and angulation. One set of forceps is used to open the slit, while a second set is used to place the 
graft into the opening. 

 

Figure 28-16 Three commonly used patterns for scalp reduction. 



 

Figure 28-17 A, Preoperative and B, postoperative photographs of a patient with a high hairline who underwent an anterior hairline advancement after scalp expansion with a tissue expander. 

 

Figure 28-18 The posterior vertical "slot" defect after serial scalp reductions. Note the misdirected hair. 



 

Figure 28-19 A, The Frechet triple flap repair for the correction of the vertical "slot" defect, and B, the postoperative result. 

 

Figure 28-20 A, Preoperative and B, postoperative photographs after a temporoparietal-occipital (or Juri) flap. 

 

Figure 28-21 The temporoparietal-occipital or Juri flap. 



 

Figure 28-22a Alopecia after rhytidectomy. A, Notice the loss of the temporal tuft of hair, the altered occipital hairline, and the visible scars. B, Patient's appearance 6 months after two sessions (520 grafts and 400 grafts, respectively) of 
follicular-unit hair transplantations. 

 

Figure 28-22b C, Close-up showing hair growth in the temporal region. 
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Chapter 29 - MANAGEMENT OF AGING SKIN

Stephen W. Perkins 
Timothy G. Gillum 

INTRODUCTION

As the general population ages, interest in maintaining a youthful appearance is at an all-time high. People are seeking more avenues for facial rejuvenation, and with the explosion of the information age, physicians are presented with a more 
educated consumer. This demand has promoted tremendous growth in the cosmetic industry, with numerous over-the-counter products available to "reverse aging changes." Similarly, there has been an increase in medical cosmeceutical 
products and technologic advances producing more resurfacing options for the consumer. As a result, a growing number of patients are visiting their cosmetic surgeons, estheticians, and dermatologists requesting the latest options to reverse 
aging skin changes. This chapter will focus primarily on chemical peels in facial resurfacing but will also discuss other rejuvenation topics in the management of aging skin, including the following: 

• Histologic changes of aging skin.
• Patient evaluation and classification.
• Chemical peels.
• Dermabrasion.
• Laser resurfacing.
• Nonablative resurfacing.
• Microdermabrasion.
• Medical/topical skin care regimens.

HISTOLOGIC CHANGES OF AGING SKIN

The first scholarly report on phenol chemical peels, including the formula and technique, was written by Brown and others.[14] Brown described the histologic changes that were induced including laminated collagen in the epidermis, with 
fibrous strands consistently paralleling the newly formed epidermis.



Later, Kligman and colleagues[31] studied the skin taken from Baker and Gordon's facelift patients who had chemical peels 1 1/2 to 20 years earlier. First, they described histologic changes of non-peeled skin. These aging skin changes were 
typical of actinic exposure with a loss of orderly differentiation in the epidermis and degeneration of the elastic network, along with some mottled pigmentation and lymphocytic infiltration. There was a decrease in collagen amounts as well 
as disordered degeneration of the dermal fibers, a flattening of the dermal-epidermal junction, and multiple actinic keratoses with atypia seen. The number of melanocytes was increased in this actinic skin, but they were unevenly distributed 
and contained variable amounts of melanin.

The skin of patients who had undergone a previous chemical peel showed a new band of dermis 2- to 3-mm-thick just beneath the epidermis and lying on top of the old elastotic dermis. The epidermis had returned to orderly cellular 
differentiation without irregularities or microscopic actinic keratoses. Although there was an abundance of melanocytes present containing some fine, evenly distributed melanin granules, there appeared to be impaired melanin synthesis with 
a generalized bleaching effect, or hypopigmentation. Lentigines were not seen. Further, the epidermal-dermal matrix was composed of thin, compact, parallel collagen bundles arranged horizontally in contrast to the usual wavy pattern. 
Elastotic fibers had actually regenerated, forming a network of fibers paralleling the new collagen. Finally, the lymphocytic infiltration was diminished compared with that of untreated skin. Kligman and colleagues[31] felt that the dermal 
reconstruction lasted about 20 years based on their study. They further concluded that chemical peel reduced the development of new neoplasms. The laying down of a band of new connective tissue can adequately account for the effacement 
of the wrinkles seen clinically. The skin is smoother, fuller, and tighter. Stegman[57] and Litton and colleagues[37] [38] showed the chemical peel solution penetrating deeper in the dermis of actinically damaged skin than nonactinically damaged 
skin. Hayes
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and Stambaugh[27] demonstrated that during the first 2 to 5 days of a chemical peel there is epidermal necrosis, edema, and homogenization with the lymphocytic infiltration all the way into the reticular dermis.[26] At 2 weeks, new collagen 
formation had begun. Stegman,[57] Alt,[1] and Brody and Alt[11] have illustrated that there is deeper penetration of phenol with occlusion than with nonocclusion. According to Beeson and McCollough,[5] this is apparently true but not necessarily 
desired.

Litton and others[38] agreed with Kligman and colleagues[31] that the rate of appearance with precancerous and early cancerous lesions of photoaged skin was decreased after a phenol chemical peel.

Brodland and Roenigk[7] showed that the trichloroacetic acid (TCA) destroys the epidermis and upper dermis and further showed that the new epidermis migrated from the cutaneous adnexa beneath the destroyed tissue. This is similar to 
phenol peel. Histologically, the atypical clones of keratinocytes are removed and replaced by normal epidermal cells.

PATIENT EVALUATION, CLASSIFICATION, AND SELECTION

The actual process or technique of chemical peels (and other resurfacing modalities) is relatively easy to learn. However, it takes a great deal of experience with many different types of patients to learn the wide variation in skin types and 
how these respond to peel solutions.[12] It also takes a great deal of experience to predict the way in which each area of the face will respond to light or deep resurfacing in an individual patient, and how one can influence the method of 
application used. Careful selection of the appropriate patients for resurfacing is the first and most important consideration. According to McCollough and Hillman,[43] "The ideal patient is a thin-skinned female with fair complexion and fine 
rhytids."

Fitzpatrick[20] described types of actinically damaged skin ranging from type I to type VI ( Table 29-1 ). Brody[9] stated that Fitzpatrick types I through III patients are suitable for a chemical peel. He describes the ideal patient as a light-
complected person of Celtic or Northern European descent with skin types I or II.[13] 

The Glogau classification system[45] was created in 1994 and provides an objective assessment of the degree of photoaging, categorizing the patient's skin damage into mild, moderate, advanced, or severe (groups I–IV) ( Table 29-2 ). Patients 
in category I are often young with minimal photoaging and are best managed with a superficial peel in conjunction with a good medical skin care program. Patients in category II or III are candidates for medium-depth peels in addition to 
long-term medical therapy as with retinoids or alpha-hydroxy acids. Category IV photoaging  

TABLE 29-1 -- FITZPATRICK SUN-REACTIVE SKIN TYPES I TO VI

Type I Fair-skinned, blue or hazel eyes, blond or red hair

 Always burns, never tans

Type II Fair-skinned; blond, red, or brown hair

 Usually burns, tans less than average

Type III Fair-skinned, largest group of U.S. citizens

 Sometimes burns mildly, tans about average

Type IV Still considered white-skinned

 Rarely burns, tans more than average and with ease

Type V Intermediate-colored skin; that is, Asian, Latin, Indian

 Brown skin

Type VI Black-skinned persons

 Never burns
 
patients are best treated with medium or deep chemical peels, ablative lasers, or dermabrasion, in conjunction with long-term medical skin care regimens.



There are several aesthetic and therapeutic indications for chemical peels and resurfacing ( Box 29-1 ).

Today's facial plastic surgeon must be aware of the aesthetic and therapeutic indications of facial resurfacing to effectively rejuvenate aging skin. Additionally, treating a patient based on his or her Fitzpatrick skin type and Glogau aging 
characteristics is essential to select the best type and depth of facial resurfacing.

CONTRAINDICATIONS

There are a few relative contraindications to chemical peels in addition to some absolute contraindications ( Table 29-3 ). In the past, a history of herpes simplex virus was a contraindication to chemical peel.[17] With the advent of antiviral 
drugs, however, acyclovir (Zovirax) or valacyclovir (Valtrex) can be effectively used as preventative or therapeutic intervention. Telangiectasias are relative contraindications in that they become more apparent after chemical peels or laser 
resurfacing. Confirmed malignant lesions should not be treated with chemical peels unless they are very superficial basal cell carcinomas. Nevoid or nevus lesions may become darker or actually stimulated to grow, and port-wine stains, 
hemangiomas, and neurofibromatoses are not effectively treated with chemical peels. Contraindications include the presence of hepatorenal disease or cardiac disease (for phenol peels), unless approved by an appropriate specialist. True 
documented allergies to an agent are obvious contraindications, and dressings should be
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TABLE 29-2 -- GLOGAU CLASSIFICATION OF PHOTOAGING GROUPS

Group I Mild Group II Moderate Group III Advanced Group IV Severe

Little wrinkling or scarring Early wrinkling; mild scarring Persistent wrinkling or moderate acne scarring Wrinkling: photoaging, gravitational, and dynamic

No keratoses Sallow color with early actinic keratoses Discoloration with telangiectasias and actinic keratoses Actinic keratoses with or without skin cancer or acne 
scars

Typical age, 28 to 35 years old Typical age, 35 to 50 years old Typical age, 50 to 65 years old Typical age, 60 to 75 years old
 
latex free in sensitive patients. Patients who are unstable psychologically should not be treated with any resurfacing modality, particularly because the postoperative care may require intense patient involvement, education, and understanding.

 
 

Box 29-1. INDICATIONS FOR FACIAL RESURFACING

 
Aesthetic Indications 

• Fine facial rhytids
• Atrophic changes in skin caused by excessive sun exposure
• Spotty or splotchy hyperpigmentation
• Chataigne skin (sailor's or farmer's skin)
• Multiple actinic and solar keratoses
• Superficial acne scarring
• Melasma
• Excessively wrinkles skin
• After blepharoplasty or face-lift

 
Therapeutic Indications 

• Multiple actinic, seborrheic, and solar pigmented keratoses
• Superficial basal cell carcinomas
• Lentigo maligna lentigines
• Melasma (discoloration of skin caused by pregnancy)

 
* Data from McCollough and Hillman,[43] Farber and colleagues,[18] and Litton and colleagues. [38] 

 
 
CHEMICAL PEELS

Patient Selection and Education



Patients requesting rejuvenation of aging skin via chemical peels must have a realistic understanding of potential outcomes, limitations, and postoperative care. The process begins with preconsultation written materials to educate the patient 
on chemical peels. Often, a patient will assume a rhytidectomy will remove wrinkles or chemical peels will replace a "mini-facelift," therefore education is key. It is imperative that the physician help the patient understand  

TABLE 29-3 -- BRODY'S RELATIVE AND ABSOLUTE CONTRAINDICATIONS TO CHEMICAL PEELS

Relative Contraindications

Darker skin type (Fitzpatrick IV, V, and VI)

Keloid formation by history

History of herpes infections

Cardiac abnormalities

History of previous facial irradiation

Marked quantity of vellus hair present

Unrealistic patient expectations

Physical inability to perform quality postoperative care

Telangiectasias

Anticipation of inadequate photo protection because of job, vocation, or recreation

Absolute Contraindications

Significant hepatorenal disease

HIV-positive patient

Significant immunosuppression (i.e., hypogammaglobulinemia)

Emotional instability or mental illness

Ehlers-Danlos syndrome

Scleroderma or collagen vascular diseases

Recent isotretinoin (Accutane) treatment (within 6–12 months before)
 
that chemical peel is a technique that rejuvenates sun-damaged skin and reduces other effects of aging, giving a more youthful appearance.

During consultation, the surgeon must determine whether the patient wears makeup routinely and whether the patient's lifestyle indicates heavy sun exposure. [44] Female patients who are unwilling to wear makeup or males who are generally 
not able to use makeup to cover postoperative hypopigmentation are not good candidates for this procedure. Those
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patients who are unwilling to decrease their sun exposure are likewise poor candidates for chemical peel because the procedure does in fact reduce their melanin protection.

Litton and colleagues[38] believe it is imperative that the patient has appropriate motivation and expectations to achieve a successful result. The patient must have a clear understanding of the postoperative discomfort, appearance, and care that 
will follow. He or she must understand that preexisting large pores will remain unchanged, and that telangiectasias may appear to be more prominent. Informed consent about the risks and benefits is essential. At the end of the consultation, 
high-quality photographic documentation is obtained and should be standardized using reproducible measures. Acne scarring will be notoriously under- or overdemonstrated, depending on the lighting or flash used, therefore the clinician 
should adjust the setup to accurately reflect the patient's true skin appearance. This is the only objective way that the surgeon can later determine whether he or she is achieving satisfactory results. Standard preoperative workup and medical 
clearance is obtained, dependent on the patient's preexisting health status. If a phenol chemical peel is to be used, special attention must be given to cardiac, liver, and kidney function in the preoperative medical workup. Any impairment of 
liver or kidney function could slow the excretion of phenol, potentially increasing the bloodstream concentration and leading to cardiac irregularities or even death.

Prepeel Preparations

Before any resurfacing procedure, considerations must be taken to optimize the patient's final aesthetic outcome. The preoperative consultation is used to assure that the patient is adequately prepared for the day of the chemical peel. 
Considerations such as a positive history of herpetic outbreaks should warrant appropriate prophylaxis. In patients with no preceding history of fever blisters who are undergoing a medium or deep peel, we have found that Valtrex is an 
appropriate prophylaxis at 500 mg PO bid starting the day before the peel and continuing through the 10th to the 14th day. For patients with a known history of herpetic outbreaks, we have found that prophylaxis with acyclovir at 800 mg PO 
bid over the same period, until reepithelialization is complete, is more effective at preventing outbreaks.

To achieve optimal results, patients must adhere to a skin care regimen in both the preoperative and postoperative periods. Patients undergoing medium or deep chemical peels are best pretreated with tretinoin (Retin A or Renova) on a 
nightly basis starting 2 to 4 weeks before the peel. The use of retinoic acid before chemical peels, dermabrasion, or laser resurfacing speeds epidermal healing and enhances the effects of the procedure. Retinoic acid also increases the depth 
of a chemical peel by decreasing the thickness of the stratum corneum. Its use is restricted during the postoperative period until reepithelialization is complete and maturization of the skin has occurred. This takes approximately 3 months.

In darker-skinned individuals, Fitzpatrick type III or greater, the use of 4% to 8% hydroquinone gel in the preoperative and postoperative periods may reduce the incidence of hyperpigmentation. It is also necessary to use hydroquinone when 
peeling for the treatment of pigmentary dyschromia (i.e., melasma) in patients of any skin type. Hydroquinone blocks the enzyme tyrosinase from developing melanin precursors for the production of new pigment in the epidermis during the 



healing phase.

All patients undergoing medium to deep facial resurfacing procedures must minimize sun exposure in the postoperative period. This is even more important in patients taking estrogens and those with preexisting pigmentary disturbances. 
Wearing sunblock with a sun protection factor (SPF) of 30 or greater is recommended during the first 9 to 12 months after a peel.

Chemical Peel Agents

Superficial Peels

Depending on the surgical goal, the appropriate agent is selected for each individual patient. Histologically, superficial peels extend down into the level of the stratum granulosum and papillary dermis. Such depth is good for treating mild 
photoaging (Glogau I and II), melasma, comedonal acne, and postinflammatory erythema. Multiple peels are usually required for a maximal result, ranging from six to eight peels on a weekly basis or every other week. A nice "refreshing of 
the skin" is achieved; however, it is important to note that multiple superficial peels do not equate to the results of a medium or deep chemical peel.

Several chemical agents fall into the superficial peel category. These agents include low concentrations of glycolic acid; 10% to 20% TCA; Jessner's solution (resorcinol, 14 g; salicylic acid, 14 g; lactic acid, 14 mL; ethanol, 100 mL); 
tretinoin; 5-fluorouracil (5-FU); and salicylic acid, a beta-hydroxy acid. The depth of the peel achieved with each of the above agents will vary depending on the concentration of agent used, the duration of the application, and the number of 
times the agent is applied. During application, there may be a mild stinging followed by a level I frosting, defined as the appearance of erythema and streaky whitening on the surface.[45] Regular washing with a mild cleanser and the use of 
routine moisturizers and sunscreens is all that is needed after the
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procedure. Superficial peels usually cause mild erythema and desquamation, with a healing time varying from 1 to 4 days, depending on the strength of the chemical agent.

Medium-Depth Chemical Peels

A medium-depth peel is one in which the injury extends through the epidermis to the papillary dermis in a single setting. In the past, 50% TCA was the standard medium-depth peeling agent, but it has been abandoned with time because of a 
high rate of complications including pigmentary changes and scarring. Currently, a combination of agents or modalities are used for medium-depth resurfacing. The most common agents include a combination of 35% TCA with Jessner's 
solution, 70% glycolic acid, or carbon dioxide (CO2 ) laser. Phenol 88% by itself will give a medium-depth peel. The senior author prefers to use phenol 88% for chemical exfoliation of the lower eyelid. It produces more consistent results 
than CO2 laser resurfacing without the temporary lower eyelid-tightening effect. Current indications for medium-depth chemical peels include moderate photoaging (Glogau II), actinic keratoses, pigmentary dyschromia, mild acne scarring, 
and blending of other resurfacing modalities (i.e., deep peels or lasers).

Monheit has demonstrated the use of Jessner's solution before the application of TCA as a synergistic combination. Jessner's solution effectively destroys the epidermal barrier by breaking up individual keratinocytes, allowing deeper and 
more even penetration of the 35% TCA. This technique is useful for the improvement of mild to moderate photoaging. There is minimal risk of pigmentary or textural complications, and this combination softens fine rhytids and freshens 
sallow, atrophic skin. Collagen remodeling and thickening occurs over a 3- to 4-month period, with continued improvement in rhytid effacement and texture quality of aging skin. Deep furrows, however, are not eliminated with this medium-
depth combination alone. The Jessner's solution +35% TCA combination has been shown as effective as topical 5-FU chemotherapy in removing grossly visible and clinically undetectable actinic keratoses, with less morbidity and the 
positive effect of antiaging. This combination of agents is also used to blend resurfacing procedures with the surrounding skin. For example, patients who have undergone dermabrasion, CO2 laser resurfacing, or deep chemical peels in an 
isolated region (e.g., perioral or periorbital) may develop a sharp line of demarcation or hypopigmentation when compared to nontreated skin. In these instances, use of Jessner's solution +35% TCA on the surrounding nontreated skin helps 
to blend the treated area into its surroundings.

Technique: Medium-Depth Peels

The medium-depth Jessner's +35% TCA peel is performed with the patient under intravenous sedation as necessary as an isolated procedure. The burning sensation is typically short-lived, therefore short-acting drugs are sufficient. Five to 15 
mg of diazepam plus 1 to 2 mg of hydromorphone hydrochloride (Dilaudid) is typically sufficient. Nonsteroidal antiinflammatory drugs or aspirin can also be given within the first 24 hours to relieve pain and inflammation. A fan to cool the 
patient is also helpful.

The skin must first be cleansed of all residual oils, debris, and excess stratum corneum before the application of any peels ( Figure 29-1 ). The patient's face is vigorously scrubbed with acetone using 2 × 2-cm gauze pads folded on a 
hemostat. Thorough degreasing is necessary for even penetration of the peeling solution. Uneven or splotchy peels are typically caused by residual oils on the stratum corneum from inadequate degreasing.

Once adequate preparation and cleansing of the skin has been completed, the Jessner's solution is evenly applied with cotton pads or gauze. On application, a faint frosting will appear within 1 minute within a background of mild erythema. 
The frosting is much less obvious than that seen when using TCA, and this portion of the peel is not uncomfortable for the patient.

After the Jessner's solution has dried, 35% TCA is evenly applied using cotton pads or swabs. It is important to note that the amount of TCA delivered to the skin surface is dependent on the number of applications, the degree of saturation 
(volume of solution), the amount of pressure applied to the skin, and contact time with the peel solution. Larger areas are treated first with cotton pad applicators including the 

 
Figure 29-1 Chemical peel equipment tray. 



 

Figure 29-2 Medium-depth 35% TCA chemical peel; treatment of perioral area. 

 

Figure 29-3 Medium-depth 35% TCA chemical peel; treatment of eyelid area. 

 

Figure 29-4 Pre-treatment medium-depth chemical peel. B, Post-treatment medium-depth chemical peel. 

 

Phenol 88% 3 mL

Septisol 8 drops

Croton oil 3 drops

Distilled water 2 mL
 
This depth can also be achieved with a 50% or greater TCA peel; however, the high risk of scarring and pigmentation problems have resulted in a trend away from these concentrations.

Phenol itself is carbolic acid (C6 H5 OH), an aromatic benzene-ring hydrocarbon formed from coal tar.[34] [38] [43] At concentrations greater than 80%, carbolic acid is a keratocoagulant precipitating the surface protein, thus preventing further 
penetration of the peel solution. Phenol produces an extremely rapid denaturization and irreversible coagulation.[37] Further penetration of the phenol is prevented when the keratin protein binds to the phenol, creating large molecules that 
cannot penetrate further. McCollough and Hillman[43] state that if the concentration of phenol is less than 50%, it becomes keratolytic, interrupting sulfur bridges in the keratin layer, and can then produce deeper penetration and more 
destruction than desired. Therefore, as one decreases the concentration of phenol, the depth and therefore wounding of tissue becomes more severe.



The croton oil included in the formula is composed of glycerides of several acids and can be very irritating to the skin. Because of its inflammatory characteristics, it induces more collagen formation.[38] [43] Recent studies have demonstrated 
that croton oil is the key ingredient, creating the significant depth of wounding.[28] Some surgeons vary the depth of Baker's solution peeling by using one, two, or three drops of croton oil. Soap in the solution acts as a surfactant, reducing 
surface tension and enhancing the penetration of the waxes and cholesterol esters of phenol. Septisol (hexachlorophene and alcohol) is a partial astringent that helps remove the stratum corneum and plays the role of a surfactant. The addition 
of distilled water produces the desired concentration of phenol between 50% and 60%. The mixture of ingredients is freshly prepared and must be stirred vigorously before application because of its poor miscibility.

The two main variations in deep chemical peeling with Baker's phenol solution included occlude vs nonoccluded. Occlusion of the peeling solution with tape increases its penetration, creating injury to the midreticular dermis. Classically, 
this technique has been used for deeply lined, "weather-beaten" faces, but it should only be used by the experienced surgeon due to the higher risk of complications such as delayed healing, prolonged erythema, and late hypopigmentation. 
The unoccluded technique as modified my McCollough and Langsdon[44] involves more cleansing of the skin and the application of more
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peel solution. This enhances the efficacy of the solution without penetrating as deeply as in the occluded peel. Both methods are reliable resurfacing tools for the rejuvenation of advanced to severe photoaged skin.

Patient selection is crucial with deep chemical peeling. These patients must be informed and willing to undergo a greater degree of morbidity and the higher potential for textural changes and pigmentary disturbances. They must accept the 
possibility that they will always need to wear makeup and use protective sunscreen.

Phenol itself is cardiotoxic and undergoes both hepatic and renal elimination. Standard preoperative workup must include a complete blood cell count; liver function tests; serum urea nitrogen, creatinine, and electrolyte determinations; and a 
baseline electrocardiogram. Any patient who has a history of cardiac arrhythmias or is taking medications that are potentially arrhythmia precipitating may not be a good candidate for Baker's phenol peeling. Additionally, patients with poor 
renal or hepatic function are poor candidates.

Technique: Deep Chemical Peels

Patient preparation and education before a deep chemical peel procedure is important. Preoperative prescriptions should be given at the time of scheduling. Preoperative antibiotics such as cephalexin (Keflex) (500 mg bid) are started 24 
hours before the procedure and continued for 1 week. Patients are offered a sedative to help them sleep the night before the procedure. Patients are given 5 mg of diazepam (Valium) PO 1 to 2 hours before the peel. All makeup, including 
mascara, eyeliner, eye shadow, and lipstick, is to be removed before arrival at the surgery facility. The face is washed twice with Septisol and rinsed thoroughly after each washing. PhisoHex or pHisoDerm should not be used because they 
leave a residue on the skin[44] that may interfere with the penetration of the phenol. Brody and Alt[11] believe in treating the skin with retinoic acids (Retin A) immediately before the peel to stimulate skin healing and to remove more of the 
stratum corneum. This, however, only pertains to a medium-depth chemical peel and should not be used before a Baker's solution chemical peel.

A deep Baker's peel is a time-consuming procedure that must be performed in a properly suited facility. The patient is given a preoperative sedative (diazepam), antinausea medication (promethazine), and a prokinetic agent (metoclopramide; 
e.g., Reglan). An intravenous line is introduced and approximately 500 to 1000 mL of Ringer's lactate solution is administered. The patient is then moved to the operative or procedure room where full cardiovascular monitoring is 
commenced, including checks of blood pressure and oxygen saturation. The patient is given a narcotic medication to offset the burning sensation, typically 1 or 2 mg of Dilaudid. Additional midazolam (Versed), usually 1 to 2 mg, is given 
for sedation and as an amnestic agent at this time. Sensory nerve blocks are then administered with injections of bupivacaine (Marcaine) 0.05% with 1:200,000 epinephrine solution. The regional blocks include the supraorbital, infraorbital, 
incisive foramen, and mental nerves, as well as infiltration of the lower eyelids and preauricular area. This spares the patient the typical 4 to 6 hours of postoperative burning discomfort. An additional liter of saline is given over the course of 
the procedure.

The face is divided into six aesthetic subunits including the forehead, perioral region, bilateral cheeks, nose, and periorbital region. First, thorough scrubbing with acetone soaked 2 × 2-inch gauze is applied to each region. Baker's solution is 
then applied with a cotton-tipped applicator to each region with feathering performed at the periphery of the peeled area, especially in the regions of the hairline, jawline, and overlap of regions by 5 mm. There is a minimum of 15 minutes 
between the treatment of each cosmetic area, totalling 60 to 90 minutes for the entire procedure. This allows for the renal clearance of phenol from the circulatory system. Death from arrhythmia has been reported when phenol is applied to 
the full face in a short period of time. Frosting occurs rapidly, therefore less solution is used compared with TCA peels. The solution should be applied in the direction of relaxed skin tension lines. A prominent white frost should be obtained 
immediately on application of the solution in each area, which rapidly changes to a zone of intense erythema extending 1 to 2 cm beyond the area treated with solution. It is therefore important to peel across this band of erythema when 
peeling the next region to avoid skipping areas.

When peeling the perioral area, one must apply the phenol solution with a slanted-cut wooden applicator so that the solution to reaches the bottom of each individual rhytid. The lip is then stretched to spread out the rhytids while the solution 
is applied with a very wet cotton-tipped applicator. One needs to obtain a white frost that is carried 2 to 3 mm across the vermilion border. When treating the lower eyelid, it is important to use a semidry applicator rolled once across the skin. 
The lower eyelids need to be treated to within 1 to 2 mm of the ciliary margin. On the upper eyelid, one must be very judicious about treating below the supratarsal fold, and most surgeons do not breach this boundary.

Application of the peeling agent creates an immediate burning sensation that lasts for 15 to 20 seconds and then resolves. After 20 minutes, the pain returns and lasts from 6 to 8 hours; then it typically resolves. The combination of Marcaine 
nerve blocks and narcotics
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usually makes the procedure very well tolerated by the patient.

Phenol Toxicity

Phenol is essentially toxic to all cells. It is absorbed through the skin into the bloodstream, and therefore must be excreted rapidly. The cardiac, hepatic, and renal systems are all affected by toxic doses of phenol (between 8 and 15 g for 
adults). Systemic toxicity is first suggested by central nervous system (CNS) stimulation, including tremors, hyperreflexia, and hypertension. After this, CNS depression occurs with respiratory failure, hypotension, and cardiac arrhythmias 
ensuing rapidly. Cardiac signs of toxicity develop in the following order: (1) tachycardia, (2) premature ventricular contractions, then (3) atrial fibrillation. [25] In Gross'[25] study, the average time from application of phenol to the onset of 
arrhythmias was 17.5 minutes, and most patients had 50% of the face covered at one time. Therefore, to prevent such toxicity, volume loading with intravenous fluids before, during, and after phenol peeling will enhance excretion in patients 



with normal liver and renal function. Many authors including Botta and colleagues[6] recommend maintaining a fluid load to force diuresis with 20 mg of furosemide given 10 minutes before the application of phenol. Controversies exist over 
the use of plasma expanders (i.e., colloids). Therefore, phenol should be avoided in patients with renal disease because they may not excrete it rapidly enough to avoid direct cardiac toxicity. Waiting as much as 20 to 30 minutes between 
treatment of each area and not peeling more than 50% of the face at one time minimizes the risk of phenol toxicity in most patients. Postoperative cardiac monitoring is necessary for a minimum of 30 minutes after the procedure, and 
personnel trained in advanced cardiac life support must be immediately available in the recovery unit.

Postoperative Care Routine

Postoperative care includes administration of an analgesic such as oxycodone (Percocet) or hydrocodone and acetaminophen (Lortab). Patients should minimize activity and rest until the next morning's office visit. Cool compresses can be 
applied in addition to their Aquaphor ointment or petroleum jelly. The patient will need assistance and is not allowed to drive or take care of himself or herself the day of the peel. A postoperative instruction booklet is given to the patient that 
discusses the expectations of marked edema, moderate temperature elevation to 99°F to 100°F, occasional nausea, and moderate discomfort. The morning after surgery, the patient is instructed to wash or rinse the face without soap using 
tepid tap water five or six times per day, followed by the application of Aquaphor in an "icing on cake" fashion. Alternately, Eucerin cream or bacitracin ointment can be applied, however antibiotic sensitivity may develop with time. The 
patient is given 10 mg of dexamethasone (Decadron) IV intraoperatively and methylprednisolone (Medrol Dose Pack) postoperatively to reduce swelling. The patient is encouraged to take 1000 to 2000 mg/day of vitamin C as well as a 
multivitamin and to continue the antibiotic prophylaxis for 4 to 5 days postoperatively.

The patient is asked to return to the office on the third postoperative day to assure the physician that the wound is being cleaned as instructed. It is this time that allows the physician to intervene early if the wound has been neglected or if 
superficial infection has become a problem, such as with Pseudomonas infection, which can create a deeper injury. The patient often requires further education regarding the importance of his or her involvement in removing the 
desquamating skin and crust. The patient is then again evaluated in 3 to 4 days to observe the amount of wound healing and residual crusting. After 7 to 10 days, the patient can begin to apply makeup if epithelialization is complete. A 
makeup artist should be available and camouflage techniques should be provided to instruct the patient how to cover the pink/red areas. Generally, a mint green base is used before the foundation is applied to neutralize the red. Additionally, 
a brand-name hypoallergenic moisturizer is recommended for use once or twice daily.

The use of sunscreens and sun avoidance is critically important. Sunscreen with an SPF of 30 or greater is advised. The patient is not allowed any direct sun exposure for 6 weeks and is told to minimize sun exposure for up to 6 months.

To reduce the possibility of hyperpigmentation, estrogens should be withheld 4 weeks before the peel and for at least 6 to 8 weeks postoperatively. As the erythema is fading, pigmentation abnormalities are possible, and estrogen may 
increase the risk of this abnormality.

At our facility, nonfluorinated hydrocortisone (Hytone cream 2.5%) is recommended for 2 or 3 weeks after reepithelialization to decrease the erythema and the hypersensitivity that is common. The patient often complains of intense pruritus 
during the early recovery period, and Pramosone 2.5% steroid cream (pramoxine hydrochloride and hydrocortisone) with an antipruritic agent can be helpful. During the day, the patient may benefit from a nonsedating antihistamine such as 
desloratadine (Clarinex) or fexofenadine (Allegra), and may require hydroxyzine (Atarax) or diphenhydramine (Benadryl) at night to decrease the sensation of itching. Hypnotics such as temazepam (Restoril) or zolpidem tartrate (Ambien) 
may be necessary for sleep.
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Although some surgeons begin the administration of retinoic acid (Retin A) as soon as epithelialization has occurred, we prefer to wait at least 3 months after the peel before giving the patient Retin A, and we then use it only if the patient 
desires it.

The patient returns for an office visit at 2 weeks and again 6 weeks later for evaluation of the early development of splotchy hyperpigmentation. Collins[15] recommends the use of hydroquinone gel almost routinely for 2 to 4 months as a 
prophylactic regimen against this condition, especially in darker-skinned persons Fitzpatrick type III or greater. If splotchy pigmentation develops, a combination of Retin A, hydroquinone (Eldoquin Forte), and triamcinolone (Aristocort) 
may provide an improvement. The patient is seen again at the 3-month, 6-month, and 1-year period postoperatively. Photographs are taken at each session ( Figure 29-5 ).

Chemical Peel Complications

It is important to recognize the expected sequelae that accompany healing with chemical peels, as opposed to true complications. The following represent sequelae of chemical face peeling: 

1.  Pigmentary changes
a.  Hyperpigmentation
b.  Hypopigmentation
c.  Depigmentation (rarely, and in isolated areas)

2.  Persistence of rhytids
3.  Prolonged erythema
4.  Persistent texture change of skin
5.  Hypertrophic subepidermal healing
6.  Milia
7.  Skin pore prominence
8.  Increased prominence of telangiectasias
9.  Darkening and growth of preexisting nevi

 
Figure 29-5 A, Pretreatment, Baker's chemical peel. B, Posttreatment, Baker's chemical peel. 



 

Figure 29-6 A, Electrical dermabrasion machine. B, Various tips for use with electrical dermabrasion machine handpiece. 

 

Figure 29-7 Proper technique for use of dermabrasion handpiece. 

 

Figure 29-8 Proper technique for performing dermabrasion in the perioral area. 

 

Figure 29-9 A, Perioral dermabrasion: preoperative view. B, Perioral dermabrasion: postoperative view. 



 

Figure 29-10 Pulsed CO2 laser. 

 

Figure 29-11 Example of blending of wound edges with that of nondamaged skin during CO2 laser treatment. 

 

Figure 29-12 A, Post-laser occlusive (Silon) dressing: frontal view. 

 



Figure 29-13 A, Example 1, CO2 laser resurfacing patient: preoperative view. B, Example 1, CO2 laser resurfacing patient: postoperative view. 

 

Figure 29-14 A, Example 2, CO2 laser resurfacing patient: preoperative view. B, Example 2, CO2 laser resurfacing patient: postoperative view. 

 
 
REFERENCES  
 
1. Alt TH: Occluded Baker-Gordon chemical peel: review and update, J Dermatol Surg Oncol 15:980, 1989.  
 
2. Baker TJ, Gordon HL: The ablation of rhytids by chemical means: a preliminary report, J Fla Med Assoc 48:451, 1961.  
 
3. Baker TJ, Gordon HL, editors: Chemical face peeling. In Surgical rejuvenation of the face. St. Louis, 1986, Mosby-Year Book.  



 
4. Baker TJ, Gordon HL, Stuzin JM: Chemical peel: a change in routine, Ann Plast Surg 23:166–169, 1989.  
 
5. Beeson WH, McCollough EG: Chemical face peeling, J Dermatol Surg Oncol 11:10, 1985.  
 
6. Botta SA, Straith RE, Goodwin HH: Cardiac arrhythmias in phenol face peeling: a suggested protocol for prevention, Aesthetic Plast Surg 12:115, 1988.  
 
7. Brodland DG, Roenigk RK: Trichloracetic acid chemexfoliation (chemical peel) for extensive premalignant actinic damage of the face and scalp, Mayo Clin Proc 63:887, 1988.  
 
8. Brody HJ: The art of chemical peeling, J Dermatol Surg Oncol 15:918, 1989a.  
 
9. Brody HJ: Complications of chemical peeling, J Dermatol Surg Oncol 15:1010, 1989b.  
 
10. Brody HJ: Variations and comparisons in medium depth chemical peeling, J Dermatol Surg Oncol 15:953, 1989c.  
 
11. Brody HJ, Alt TH: Cosmetic surgery of the skin: principles and techniques. In Coleman WP, editor: Chemical peeling, Philadelphia, 1991, BC Decker.  
 
12. Brody HJ, Hailey CW: Medium-depth chemical peeling, J Dermatol Surg Oncol 12:1268, 1989.  
 
13. Brody HJ, Hailey CW: Medium-depth chemical peeling of the skin: a variation of superficial chemosurgery, Adv Dermatol 3:205, 1986.  
 
14. Brown AM, Kaplan LM, Brown ME: Phenol-induced histological skin changes: hazards, technique, and uses, Br J Plast Surg 13:158, 1960.  
 
15. Collins PS: Trichloracetic acid peels revisited, J Dermatol Surg Oncol 15:933, 1989.  
 
16. Dmytryshyan JR: Chemical face peel complicated by toxicshock syndrome, Arch Otolaryngol 109:170, 1983.  
 
17. Farber GA: Chemical peeling. In Burks JW, editor: The treatment of certain cosmetic defects and diseases of the skin. Springfield, Ill, 1979, Charles C. Thomas.  
 
18. Farber GA, Collins PS, Scott MW: Update on chemical peel, J Dermatol Surg Oncol 10:559, 1984.  
 
19. Fisher GJ, Talwar HS, Lin J, Voorhees J: Molecular mechanisms of photoaging in human skin in vivo and their prevention by all-trans retinoic acid Photochem Photobiol 69:154–7, 1999.  
 
20. Fitzpatrick TB: The validity and practicality of sun-reactive skin types I–VI, Arch Dermatol 124: 869, 1988.  
 
21. Fulton JE Jr: The prevention and management of post-dermabrasion complications, J Dermatol Surg Oncol 17:431, 1991. 

713

 
 
22. Gin I and others: Treatment of upper lip wrinkles: a comparison of the 950 microsec dwell time carbon dioxide laser to manual tumescent dermabrasion, Dermatol Surg 25:468–73, 1999.  
 
23. Goldberg DJ: Nonablative dermal remodeling: does it really work? Arch Dermatol 138:1366–8, 2002.  
 
24. Greene D and others: In vivo model of histologic changes following treatment with the superpulsed CO2 laser, erbium:YAG laser, and blended lasers: a 4 to 6 month prospective histologic and clinical study, Lasers Surg Med 27:362–72, 2000.  
 
25. Gross BG: Cardiac arrhythmias during phenol face peeling, Plast Reconstr Surg 73:590, 1984.  
 
26. Hayes DK, Berkland ME, Stambaugh KS: Dermal healing after local skin flaps and chemical peel, Arch Otolaryngol Head and Neck Surg 116:794, 1990.  
 
27. Hayes DK, Stambaugh KS: Viability of skin flaps subjected to simultaneous chemical peel with occlusive taping, Larngoscope 99:1016, 1989.  
 
28. Hetter GP: An examination of the phenol-croton oil peel: part 1. Dissecting the formula, Plast Reconstr Surg 105:227, 2000.  
 
29. Holmkvist KA, Rogers GS: Treatment of perioral rhytids: a comparison of dermabrasion and superpulsed carbon dioxide laser. Arch of Dermatol 136:725–31, 2000.  
 
30. Katz BE, MacFarlane DF: Atypical facial scarring after isotretinoin therapy in a patient with previous dermabrasion, J Am Acad Dermatol 30:852, 1994.  
 
31. Kligman AM, Baker TJ, Gordon HL: Long-term histologic follow-up of phenol peels, Plast Reconstr Surg 75:652, 1985.  
 
32. Kline DR, Little JH: Laryngeal edema as a complication of chemical peel, Plast Reconstr Surg 71:419, 1983.  
 
33. Koch RJ, Cheng E: Quantification of skin elasticity changes associated with pulsed carbon dioxide laser skin resurfacing, Arch Facial Plast Surg 1:272–275, 1999.  



 
34. Koopman CF Jr.: Phenol toxicity during face peels, Otolaryngol Head and Neck Surg 90:383, 1982.  
 
35. Kronmayer E: Die Heilung der Akne Durch in Nevus Norbenlases Operaionsverfahren: Das Stanzen, Illustriert Monatsschrift Arzlich Polytechnisch 27:101, 1905.  
 
36. Kurtin A: Corrective surgical planning of skin, Arch Dermatol Syhilol 68:389, 1953.  
 
37. Litton C: Chemical face lifting, Plast Reconstr Surg 29:371, 1962.  
 
38. Litton C, Sachowicz EH, Trinidad GP: Present day status of the chemical face peel, Aesthetic Plast Surg 10:1, 1986.  
 
39. Litton C, Trinidad GP: Complications of chemical peeling as evaluated by questionnaire, Plast Reconstr Surg 1981:738, 1981.  
 
40. LoVerme WE and others: Toxic shock syndrome after chemical face peel, Plast Reconstr Surg 80:115–118, 1987.  
 
41. Maibach HI, Rovee DT: Epidermal wound healing, Chicago, 1972, Mosby-Year Book.  
 
42. Mandy SH: Tretinoin in the preoperative and postoperative management of dermabrasion, J Am Acad Dermatol 15:870, 1986.  
 
43. McCollough EG, Hillman RA Jr: Symposium on the aging face, Otolaryngol Clin North Am 13:353, 1980.  
 
44. McCollough EG, Langsdon PR: Dermabrasion and chemical peel: a guide for facial plastic surgeons. In McCollough EG, Langsdon PR, editors: Chemical peel. New York, 1988, Thieme Medical Publishers.  
 
45. Mendelson JE: Update on chemical peels, Otolaryngol Clin North Am 35:57, 2002.  
 
46. Niechajev I, Ljungqvist A: Perioral dermabrasion: clinical and experimental studies, Aesthetic Plast Surg 16:11, 1992.  
 
47. Phillips TJ and others: Efficacy of 0.1% tazarotene cream for the treatment of photodamage: a 12-month multicenter randomized trial, Arch Dermatol 138:1486–1493, 2002.  
 
48. Rappaport MJ, Kramer F: Exacerbation of facial herpes simplex after phenol face peels, J Dermatol Surg Oncol 10:57, 1984.  
 
49. Reiman P: Non-Rx extract adjunct slows photoaging without irritation, Dermatol Times 5:22, 1999.  
 
50. Roenigk HH Jr. and others: Acne, retinoids, and dermabrasion, J Dermatol Surg Oncol 11:396, 1985.  
 
51. Rubenstein R and others: Atypical keloids after dermabrasion of patients taking isotretinoin, J Am Acad Dermatol 15:280, 1986.  
 
52. Rubin MG, Greenbaum SS: Histologic effects of aluminum oxide microabrasion on facial skin, J Aesthet Derm Cosmet Surg 1:237–239, 2000.  
 
53. Spira M: Treatment of acne scarring by combined dermabrasion and chemical peel, Plast Reconstr Surg 60:38, 1977.  
 
54. Spira M, Gerow FJ, Hardy SB: Complications of chemical face peeling, Plast Reconstr Surg 54:397, 1974.  
 
55. Stagnone JJ: Chemical peeling and dermabrasion. In Epstein E, Epstein E Jr, editors: Skin surgery, Philadelphia, 1987, WB Saunders.  
 
56. Stagnone JJ: Superficial peeling, J Dermatol Surg Oncol 15:924, 1989.  
 
57. Stegman SJ: A comparative histologic study of the effects of three peeling agents in dermabrasion of normal and sun damaged skin, Aesthetic Plast Surg 6:123, 1982.  
 
58. Truppman ES, Ellenby JD: Major electrocardiographic changes during chemical face peeling, Plast Reconstr Surg 63:45, 1979.  
 
59. Tung RC and others: alpha-Hydroxy acid-based cosmetic procedures: guidelines for patient management, Am J Clin Dermatol 1:81–8, 2000.  
 
60. Utley DS, Koch RJ, Egbert BM: Histologic analysis of the thermal effect on epidermal and dermal structures following treatment with the superpulsed CO2 laser and the erbium: YAG laser: an in vivo model, Lasers Surg Med 24:93–102, 1999.  
 
61. Weinstein GD and others: Topical tretinoin for treatment of photodamaged skin: a multicenter study, Arch Dermatol 127:659–665, 1991.  
 
62. Weis J and others: Topical tretinoid improves photoaged skin: a double blind vehicle controlled study, JAMA 259:527, 1988.  
 

714

Chapter 30 - RHYTIDECTOMY



Shan R. Baker 

HISTORICAL PERSPECTIVE

In 1907, Miller[30] published the first medical book ever written on the subject of cosmetic surgery. Thus was born the surgical field of aesthetic surgery. Around this same time, perhaps as early as 1901, the first rhytidectomy was performed 
and took the primitive form of excising skin and repairing the wound without undermining the facial skin. Early facelift techniques were probably developed by German surgeons, but by 1906, American surgeons were beginning to adopt and 
improve the techniques of facelifting. By 1926, surgeons were using coronal incisions for forehead lifting and were developing methods of dealing with the double chin. By the 1930s, facelift surgery had attained a level of sophistication that 
inspired no major innovations until after World War II, when the development of antibiotics and improved anesthesia provided safer elective surgery. Before the World War II, aesthetic surgery was looked on by organized medicine with 
disfavor, believing that it was not warranted because of associated risks. By 1960, this attitude had changed somewhat. The greater affluence of the middle class and changing attitudes helped spawn a renewed interest in rhytidectomy. 
However, it was not until the 1970s that significant innovations in facelifting were introduced. This was initiated by the work of Skoog,[33] who reported dissecting beneath the superficial fascia of the face. Before 1974, rhytidectomy had 
consisted of a simple subcutaneous dissection of facial and cervical skin with or without suture suspension of the underlying superficial fascia. Skoog demonstrated that an advancement flap dissected beneath the superficial fascia, later to be 
named the superficial musculoaponeurotic system (SMAS), while leaving the overlying skin attached, could improve the jaw line better than a subcutaneous dissection of the skin. Skoog's discovery that enhanced results were possible from 
dissecting deeper than the conventional subcutaneous plane ushered in a renaissance for rhytidectomy, and today surgeons are in the midst of this renaissance. Skoog's report created considerable interest in the superficial facial fascia and led 
to the 1976 report by Mitz and Pyronie.[24] This and subsequent studies showed that the SMAS is a fibromuscular fascial extension of the platysmal muscle that arises superiorly from the fascia over the zygomatic arch and is continuous in the 
inferior cheek with the platysma. Throughout this chapter when the term SMAS is referred to, the reader should understand that this structure consists of a fibrous layer of connective tissue in the mid-face but has more consistency in the 
inferior cheek, where it consists of the platysmal muscle. This is particularly true over the tail of the parotid gland and anterior to the gland. The distribution of the facial nerve is deep to the SMAS[24] ( Figure 30-1 ). Presumably, the function 
of the SMAS is to transmit to the facial skin the activity of the facial mimetic musculature.

Surgeons familiar with the subcutaneous facelift began incising the SMAS superficial to the parotid gland and creating a rotation advancement SMAS flap. Other surgeons made incisions through the SMAS anterior to the parotid gland and 
dissected beneath the platysma, creating a musculocutaneous advancement flap, which was suspended posterosuperiorly to the fascia of the parotid gland. Some excised a strip of SMAS and reapproximated it rather than dissecting beneath it. 
Although the SMAS flap dramatically improved the jowl, it did not improve the melolabial fold of the mid-face. The mid-face can be defined as that portion of the cheek that encompasses the area between the lower eyelid and the level of 
the oral commissure.

Yousif and others investigated the anatomy of the melolabial fold and found that the fold resulted from descent of the anterior cheek fat and overlying attached skin.[36] With aging, the cheek fat of the mid-face descends inferomedially 
( Figure 30-2 ). This

715

 
Figure 30-1 The superficial musculoaponeurotic system (SMAS) is a fibromuscular fascial extension of the platysmal muscle that arises superiorly from the fascia over the zygomatic arch and is continuous in the inferior cheek with the 
platysmal muscle. The facial nerve lies deep to the SMAS and innervates the mimetic muscles of the forehead and midface from the ventral aspect of the muscles. 

 

Figure 30-2 A, Aging causes inferomedial descent of the cheek fat, which increases the melolabial fold and deepens the melolabial crease. B, The orbicularis muscle of the lower eyelid stretches and descends inferolaterally, causing lower 
lid retraction and scleral show. 



 

Figure 30-3 The deep-plane rhytidectomy described by Hamra[20] extended a sub-superficial musculoaponeurotic system (sub-SMAS) dissection of the inferior cheek superiorly, cutting through the SMAS peripherally, thus releasing the 
SMAS from investments to the zygomatic muscles, so that the SMAS and overlying skin and cheek fat could be mobilized upward. This release was accompanied by transitioning from a deep (sub-SMAS) plane in the inferior cheek to a 
superficial (supra-SMAS) plane in the superior medial cheek. 

 

Figure 30-4 A, Subperiosteal mid-facelift accomplished through transtemporal approach. Periosteum is released from the maxilla and zygoma and all or portions of the zygomatic arch. B, Periosteum of zygoma suspended to temporalis 
fascia to lift soft tissues of mid-face. 



 

TABLE 30-1 -- DISSECTION PLANES OF MID-FACELIFTING

 Advantages Disadvantages

Subperiosteal 1. Does not require preauricular incision/skin flap 1. Increases horizontal width of face

 2. Does not impair vascular supply of facial skin 2. Risk to temporal and buccal branches of VII nerve and infraorbital nerve

 3. Avoids risk to zygomatic branch of VII nerve 3. Greater postoperative edema

 4. Lifts orbicularis oculi of lower eyelid  

 5. Some lifting of oral commissure  

Supra-SMAS 1. Does not reposition zygomatic musculature 1. Long preauricular cutaneous flap

 2. Avoids risk to temporal and buccal branches of VII nerve 2. Reduces skin vascularity of face

 3. Less postoperative edema 3. Risk to zygomatic branch of VII nerve

  4. Does not lift orbicularis oculi
 
1 cm below the first ( Figure 30-5 ). This second suture has a trajectory parallel and below the first to broaden the repositioning vectors on the cheek fat. The sutures are positioned to loop around the fat of the melolabial fold. One arm of the 
loop passes through the deep aspect of the fat and the other arm in a more superficial subcutaneous plane. Both arms attached to Keith needles extend to the subcutaneous fat 1 cm lateral to 

 
Figure 30-5 Suture suspension of cheek fat. Two sutures spaced 1 cm apart are looped around the cheek fat of the mid-face and secured to the temporalis fascia behind the temporal hairline. Sutures are placed through puncture sites within 
the melolabial crease at points A and B. 

 

Figure 30-6 Anatomic relationship of greater auricular nerve to sternocleidomastoid muscle, external jugular vein, and lesser occipital nerve. 



 

TABLE 30-2 -- SURGICAL APPROACHES TO MID-FACELIFTING

Surgical Approach Plane of Dissection Advantages Disadvantages

Transfacial Supra-SMAS 1. Avoids risk to temporal and buccal branches of VII nerve 1. Preauricular incision and long skin flap

2. Less postoperative edema 2. Requires some blind dissection

 3. Does not lift orbicularis oculi

Transtemporal Subperiosteal 1. No preauricular incision 1. Risk to temporal and buccal branches of VII nerve

2. Concomitant lateral brow lift 2. Requires endoscope

 3. Poor access to periosteal dissection of maxilla

Transorbital Subperiosteal or supraperiosteal 1. Direct access for dissection and suspension of mid-face 1. Risk to buccal branch of VII nerve

2. More vertical vector for suspension of mid-face soft tissues 2. Risk to infraorbital nerve

3. Risk of lower lid retraction/ectropion

Transoral Subperiosteal 1. Direct access for dissection of mid-face 1. Risk to buccal branch of VII nerve

2. Ease in elevating periosteum of maxilla 2. Does not provide access for suspension of mid-face tissues

 3. Greater risk of infection

 4. Risk to infraorbital nerve

Combined Subperiosteal; usually transoral combined 
with transtemporal or transorbital

1. Direct visualization of entire dissection 1. More postoperative edema

2. Ease of suspension of mid-face tissues 2. Greater risk of infection if transoral route used
 
Hamra added to this dissection a supraperiosteal dissection of the superior aspect of the mid-face through a lower eyelid incision. This biplane dissection was termed a composite rhytidectomy by Hamra.[15] Nine percent of facelift surgeons 
perform a deep plane or composite rhytidectomy.[21] 

A variation of the sub-SMAS dissection is a strip SMASectomy described by Baker.[1] This technique consists of excising a strip of SMAS along a line that extends from the angle of the mandible to the lateral malar eminence. Usually, a 2- to 
4-cm wide strip of SMAS is excised, depending on laxity. Much of this excision is anterior to the parotid gland. No anterior dissection beneath the SMAS is performed. The SMAS is reapproximated, advancing the mobile SMAS and 
platysma posterosuperiorly to the junction of the SMAS fixed to the periparotid fascia. Approximately 20% of facelift surgeons use the technique of SMASectomy. [21] It has the advantage of simplicity but does not address the mid-face.

Supra-SMAS Rhytidectomy

The term supra-SMAS usually refers to dissection just superficial to the SMAS in the mid-face. All subcutaneous dissections in the preauricular area are also supra-SMAS. However, remaining just superficial to the SMAS as the limits of the 
dissection are extended anteriorly beyond the parotid gland toward the mid-face requires a deeper dissection than is required for a standard subcutaneous facelift. Because the SMAS invests the mimetic muscles of the mid-face, a supra-
SMAS dissection requires a forward dissection immediately superficial to these muscles. This results in a thick cutaneous flap consisting of the cheek fat and the overlying attached facial skin. The dissection is usually carried to the upper lip 
to release all of the dermal attachments of the SMAS to the melolabial crease. This extreme anterior dissection is commonly referred to as an extended SMAS rhytidectomy or an extended supra-SMAS rhytidectomy. The cutaneous flap is 
then suspended under considerable tension posterosuperiorly to the fascia overlying the zygoma and parotid gland. The primary purpose of the extended supra-SMAS rhytidectomy is to displace superiorly the cheek fat of the mid-face. This 
corrects the ptotic cheek fat that occurs in the mid-face with aging and softens the melolabial fold.



The main disadvantage of the extended supra-SMAS rhytidectomy is the long preauricular skin flap resulting from a lengthy anterior dissection. This
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creates a potentially large dead space where hematomas can collect. A dissection beyond the convexity of the zygoma may require some blind dissection or at least impair the exposure available to the surgeon. In addition, remaining above 
the SMAS throughout the dissection does not provide as much improvement of the jowl compared with developing a SMAS flap of the inferior cheek. Approximately 20% of facelift surgeons perform the extended supra-SMAS rhytidectomy.
[21] The advantage of the deep-plane facelift compared with the supra-SMAS lift is that the inferior cheek is dissected in a sub-SMAS plane, creating an advancement flap, whereas the mid-face is dissected in a supra-SMAS plane. The sub-
SMAS dissection in the lower face provides long-term correction of the jowl.[16] 

Subperiosteal Rhytidectomy

Subperiosteal rhytidectomy refers to the lifting of the cheek tissues by dissecting in the subperiosteal plane over the maxilla and zygoma. The procedure usually includes an endoscopic subperiosteal forehead lift as well. All of the soft tissues 
of the mid-face are lifted, including the elevators of the lip, the zygomatic major and minor, and often the orbicularis oculi. The fundamental difference between the subperiosteal mid-facelift and the transfacial supra-SMAS facelift is the 
superior displacement of these muscles (see Figure 30-4 ). The extended supra-SMAS and deep-plane rhytidectomy only elevate the cheek fat and skin and not the muscles of the mid-face. Subperiosteal mid-facelifts do not significantly 
correct the jowl and have no influence on the upper neck. Another disadvantage of a subperiosteal mid-facelift is the tendency to increase the horizontal width of the face by displacing the origin of the zygomatic major muscle to a more 
superior and lateral position. However, in most patients this has the pleasing effect of enhancing the malar eminence.

There are four surgical approaches used to perform subperiosteal mid-facelifting: transtemporal usually using an endoscope, transorbital through a lower eyelid or transconjunctival incision, transoral through an upper gingival buccal 
incision, and combined using two or more of the previously listed approaches. Regardless of the approach, it is necessary to release the periosteum from the lateral and inferior bony orbital rim and from the entire zygoma and maxilla.

The temporal approach is accomplished through an incision behind the hairline in the temple. An endoscope is frequently used to perform a dissection beneath the temporoparietal fascia of the anterior lateral scalp. Transition is then made to 
a subperiosteal plane as dissection continues inferiorly over the zygoma and zygomatic arch. Subperiosteal dissection also proceeds medially in the mid-face, releasing the soft tissues from their attachment to the maxilla. This necessitates 
limited dissection onto the upper portion of the masseter muscle. A disadvantage of the transtemporal approach is the difficulty releasing the periosteum from the medial maxilla because of insufficient exposure even when an endoscope is 
used.

The transorbital route has the advantage of direct access to the mid-face with less need for the use of an endoscope. Through this approach, the subperiosteal dissection is accomplished under direct vision, and the mid-face soft tissues are 
suspended either to the superior orbital rim or to the anteroinferior temporalis fascia ( Figure 30-7 ). Some surgeons perform a supraperiosteal dissection of the mid-face through a lower eyelid incision. A disadvantage of the transorbital 
approach is temporary distortion of the lateral canthal area from bunching of redundant soft tissue. Another disadvantage is the risk of lower eyelid retraction or ectropion.

The transoral approach is not often used by itself but is combined with transorbital or transtemporal incisions to create a combined surgical approach. [3] [4] This enables the periosteum to be easily stripped from the inferior aspects of the 
maxilla and zygoma from the oral access. The remaining periosteum is then elevated from the superior aspect of the zygoma and 

 
Figure 30-7 Transorbital approach to subperiosteal mid-facelift. The subperiosteal dissection is accomplished under direct vision, and the mid-face soft tissues are suspended to the superior orbital rim or the anteroinferior temporalis fascia. 

 

Figure 30-8 Female facelift incision. A, The incision begins in the hair above the auricle. A horizontal incision beneath the temporal tuft of hair is usually performed. The preauricular incision follows the curve of the root of the helical crus 
and then continues posterior to the tragus. B, The retroauricular incision is 2 mm anterior to the postauricular sulcus. At the level where the helix meets the hairline (dotted line) the incision crosses the postauricular skin to the scalp. The 
scalp incision curves slightly inferiorly. 



 

Figure 30-9 A, The male facelift incision begins in the hair-bearing scalp above the ear and follows the curve of the root of the helical crus. It then transitions into a pretragal crease. B, The retroauricular incision is positioned in the depths of 
the postauricular sulcus. 

 

Figure 30-10 The youthful neckline has a cervicomental angle of 105 to 120 degrees. This translates into a 90-degree angle between the axis of the sternocleidomastoid muscle and the submental line. 



 

Figure 30-11a A, The skin and fat of the submental area are widely undermined in the preplatysmal plane. Redundant platysmal muscle is resected in a vertical orientation. B, The skin flap is thinned of excessive fat, and the borders of the 
platysmal muscles are approximated. 

 

Figure 30-11b C, Depending on cervical skin laxity, it may be necessary to connect the submental dissection with a posterior dissection, so that the entire upper cervical skin is freed from the platysma. 

 



Figure 30-12a Preoperative and 18 months postoperative views after rhytidectomy with submentoplasty as described in text. 

 

Figure 30-12b 



 

Figure 30-13 Through an upper gingival buccal incision, the periosteum is elevated from the face of the maxilla and lower portion of the zygoma. From the zygoma, the dissection is carried inferiorly over the anterior masseter tendon. 
(Courtesy of Archives of Otolaryngology.[14] ) 

 

Figure 30-14 Subperiosteal dissection of the superior aspect of the zygoma is accomplished from above through a temporal incision. 

 

Figure 30-15 The mid-face soft tissues are suspended with sutures placed between the periosteum of the zygoma and the temporalis fascia. 



 

Figure 30-16 A, Before suspension of the mid-face. B, After subperiosteal dissection of the mid-face and suspension to the temporalis fascia. Note: Marked upward movement of the mid-facial soft tissues with exposure of upper incisors. 

 

Figure 30-17a Preoperative and 1 year postoperative views after blepharoplasty and rhytidectomy with subperiosteal mid-facelift. The patient had a left direct brow lift and dermabrasion of the perioral area. Preoperative views show ptosis of 
the mid-face with skeletonization of the inferior bony orbital rim. The junction between the cheek and lower eyelid is displaced inferiorly. Postoperative views show elevation of the cheek fat of the mid-face and a youthful repositioning of 
eyelid and cheek tissues. The vertical height of the lower eyelid (i.e., from lid margin to lid-cheek junction) has been shortened as a result of mid-facelifting. 



 

Figure 30-17b 



 

Figure 30-18a Typical extent of skin undermining in subcutaneous plane. 

 

Figure 30-18b 

 



Figure 30-19 A, Topographic display of the limits of dissection planes used by author. Stippled area represents subcutaneous or preplatysmal dissection. Vertical lines represent subperiosteal dissection. Horizontal lines represent sub-
superficial musculoaponeurotic system (sub-SMAS) dissection. B, Diagram showing limits of subperiosteal and sub-SMAS dissection. 

 

Figure 30-20 A and B, Dotted line indicates incision line through superficial musculoaponeurotic system (SMAS). C, Intraoperative view of SMAS incision. (Courtesy Archives of Otolaryngology.[14] ) 

 



Figure 30-21 A, Subplatysmal dissection is carried forward beneath the jowl, remaining above the inferior border of the mandible. B, The dissection plane is in the avascular loose areolar tissue plane between the platysma and the mesenteric 
fascia. 

 

Figure 30-22a A and B, After dissection and before suspension of the superficial musculoaponeurotic system flap. The cervical skin flap is trimmed of any excessive subcutaneous fat. This may be accomplished with scissors or with a 
liposculpture cannula. 

 

Figure 30-22b B, Intraoperative view showing separate dissection planes for the cervical skin flap and the platysma. 



 

Figure 30-23a A and B, Sutures are placed through the ventral aspect of the elevated platysma of the inferior cheek and secured to the posterior incised border of the superficial musculoaponeurotic system (SMAS). 

 

Figure 30-23b C and D, The advanced border of the SMAS flap overlaps the parotid and is secured to the fascia with a second series of suspension sutures. (Courtesy of Archives of Otolaryngology. [14] ) 

 

Figure 30-24 Dart incision is made through posterior skin flap to place key scalp suspension suture. 



 

Figure 30-25a A, Key suspension sutures have been placed superior and posterior to the auricle. Dart incisions are made through the preauricular flap immediately above and below the level of the tragus, and sutures are placed. B and C, 
Dart incision is made to liberate earlobe. D, Skin flap is trimmed so that there is minimal wound closure tension. Sideburn incision has been made to spare excision of temporal hair tuft. 

 

Figure 30-25b 



 

Figure 30-26a Preoperative and 6 months postoperative views of patient undergoing endoscopic forehead lift, lower lid blepharoplasty, and rhytidectomy with subperiosteal mid-facelift. 

 

Figure 30-26b 



 

Figure 30-27 Periauricular scarring subsequent to skin necrosis resulting from hematoma that was not detected until 2 days after surgery. 

 

Figure 30-28 A, Postauricular skin slough after rhytidectomy. B, Conservative treatment led to healing with modest scar formation. 

 

Figure 30-29 Partial-thickness necrosis of skin after rhytidectomy. Conservative treatment led to complete healing without hypertrophic scars or hypopigmentation. A, Two days postoperative. B, Three weeks postoperative. C, Six weeks 
postoperative. 



 

Figure 30-30 Paralysis of left temporal branch of facial nerve after endoscopic forehead lift and mid-facelifting. 

 

Figure 30-31 Paralysis of right mandibular branch of facial nerve. 



 

Figure 30-32 Paralysis of buccal branch of facial nerve after rhytidectomy. 

 

Figure 30-33 Unnatural appearance of temporal hair tuft from excessive elevation after rhytidectomy. 
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Chapter 31 - MANAGEMENT OF THE AGING BROW AND FOREHEAD

Paul S. Nassif 
J. Regan Thomas 

PROPORTIONS OF THE AESTHETIC BROW AND FOREHEAD

The forehead, from the eyebrows to the hairline, makes up the upper third of the face. The aesthetically favored forehead produces a gentle convexity on profile; other forehead shapes include sloping, flat, and protruding. The eyebrows 
generally follow a smooth, gently curving arc that extends from the lateral eyebrow around the nasion and down the lateral nasal sidewall (see Figure 31-1, A ). In women, the eyebrow should lie slightly above the supraorbital rim and follow 



a gently curving arc (see Figure 31-2 ). The eyebrow begins at a line drawn from the alar-facial groove through the medial canthus and ends at a line drawn from the alar-facial groove through the lateral canthus.[14] In females, the highest 
point of the eyebrow arc is at a line drawn tangential to the lateral limbus. The medial and lateral ends of the eyebrow should lie in a horizontal line. The medial end should have a club-like configuration that gradually tapers laterally. In men, 
the brow usually lies at the level of the supraorbital rim (see Figure 31-1, B ).

THE AGING BROW AND FOREHEAD

Although different regions of the face age at variable rates and are influenced primarily by genetic factors, the upper third of the face ages in its own unique fashion ( Figure 31-3 ). [12] As skin elasticity declines, the forehead, temple, and 
glabellar skin descend. The brow, especially in its temporal aspect, descends to or below the supraorbital rim, with the effects of gravity causing temporal hooding. If brow ptosis is severe, a visual deficit may develop in the superior and 
temporal quadrant. The supratarsal crease disappears under overhanging ptotic upper eyelid skin. Crow's feet (rhytids at the lateral canthus) appear secondary to gravity and repeated contraction of the orbicularis oculi muscle. Deep forehead 
creases appear as a result of the repetitive actions of the primary brow elevator, the frontalis muscle, in its efforts to elevate the heavy, ptotic brow. Vertical, oblique, and horizontal rhytids appear in the glabella and nasion from contractions 
of the brow depressors: the corrugator, procerus, and depressor supercilii muscles.

PATIENT SELECTION

Psychological Considerations

As is true for any facial plastic surgery procedure, careful patient selection is paramount. Realistic expectations and proper motivations of the patient are extremely important for the achievement of a successful outcome, a satisfied patient, 
and a pleased facial plastic surgeon. If the surgeon, despite a visually pleasing surgical result, does not perform proper patient screening, patient dissatisfaction may be encountered. Educating patients about the different surgical procedures 
and goals requires excellent physician-patient communication and guidance. Computer imaging of the proposed brow elevation may enhance the communication of your surgical goals, because few patients are aware that brow ptosis is 
responsible for their orbital changes; often patients think and are told that droopy eyelid skin in the presence of a ptotic brow is the etiology of their "saddened" look. If upper blepharoplasty is performed in this situation, the eyebrow-lid 
margin is potentially narrowed, thereby obliterating adequate delineation of the supratarsal anatomy by sacrificing excessive upper eyelid skin.[2] After the education process, candidates for aging brow surgery must give informed consent 
following a discussion of possible adverse outcomes, complications, and risks of the selected surgical procedure.

Anatomic Considerations

Analysis of the upper third of the face, from the eyebrows to the hairline, should begin with the assessment of interpersonal factors that may significantly affect the patient's interpretation of successful surgical
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Figure 31-1 A, Smooth, gently curving line extending from eyebrow to nose. B, Sharp angle between eyebrow and nose. (Adapted from: Nassif PS, Kokoska MS: Aesthetic facial analysis, Facial Plast Surg Clin North Am 7:1, 1999, p 7. 
Used with permission from W.B. Saunders.) 

 

Figure 31-2 The ideal eyebrow. (Adapted from: Becker FF, Johnson CM Jr.: Surgical treatment of the upper third of the aging face. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, 
Mosby, p 661. Used with permission from Mosby.) 



 

Figure 31-3 Characteristics of the aging brow, temple, eyelids, and face. Although environmental influences may worsen or hasten aging changes, each person's genetic disposition plays the predominant role in the aging process. (Adapted 
from: Tardy ME, Alex J, Hendrick D: Rejuvenation of the aging brow and forehead. In Putterman AM, Warren LA, editors: Cosmetic oculoplastic surgery: eyelid, forehead, and facial techniques, ed 3, Philadelphia, 1999, W.B. Saunders, p 
269. Used with permission.) 

 

TABLE 31-1 -- INDICATIONS AND CONTRAINDICATIONS FOR INDIVIDUAL FOREHEAD AND BROW-LIFTING PROCEDURES

Procedure Indications and Advantages Contraindications and Disadvantages

Coronal forehead lift • Treats all aspects of the aging forehead and brow • Limited use in males

  • Elevates the hairline

  • Vertically lengthens the upper third of the face

  • Elongated scar

  • Possible prolonged hypesthesia of the scalp

  • Less fine-tuning of the brow position

Pretrichal forehead lift • High hairline • Possible visible (exposed) scar

 • No vertical forehead lengthening • Possible prolonged hypesthesia of the scalp

 • Preserves the hairline  

 • Treats all aspects of the aging forehead and brow  

Midforehead lift • Prominent horizontal forehead creases • Possible visible (exposed) scar

 • Preserves the hairline • Avoid in areas of oily, thick skin

 • Improved fine-tuning of the brow position  

 • Corrects brow asymmetry  

Midforehead brow lift • Prominent horizontal forehead creases • Possible visible (exposed) scar

 • Improved fine-tuning of the brow position • Treats brow only

 • Corrects brow asymmetry • Avoid in areas of oily, thick skin

Direct brow lift • Accurate brow elevation • Possible visible (exposed) scar

 • Preserves forehead and scalp sensation • Treats brow only

 • Patients with abundant or thick brow hair preferred  

 • Immediate scar camouflage (with hair)  

 • Corrects brow asymmetry  

Temporal lift • Ideal and immediate scar camouflage (with hair) • Not useful for midforehead glabellar creases



 • Improves lateral hooding • No effect on medial aspect of the brow

Browpexy • Performed through the upper blepharoplasty incision • Possible prolonged eyelid edema

  • Possible brow asymmetry

 • Indicated for mild brow ptosis • Possible unsatisfactory results

Endoscopic brow lift • Less invasive with small incisions • Less fine-tuning of the brow position

 • Excellent scar camouflage • Possible depressions in the soft tissue of the scalp as a result of screw fixation

 • High hairline  

 • No vertical forehead lengthening  

 • Preserves the hairline  

 • Treats most aspects of the aging forehead and brow  

Adapted from: Forehead-lift. In Tardy ME, Thomas JR, Brown R, editors: Facial aesthetic surgery, ed 1, St Louis, 1995, Mosby, p 163.
 
connected to the pretrichal incision and is posterior to the temporal hairline, similar to a coronal lift. Excess skin and galea are resected from the anterior flap. Closure is beveled to accommodate the hair-follicle growth through the scar. The 
galeal and dermal layers are closed with 4-0 absorbable suture, and the skin is closed with 6-0 minimally reactive suture, which is removed in one week.

The advantage of the pretrichal incision is that the forehead is not elevated and the frontal hairline is preserved. The pretrichal forehead lift treats all aspects of the aging forehead and brow.

Midforehead Lift

The midforehead lift is rarely performed. The typical patient must have prominent forehead creases, because the incision and ultimate scar are placed in an elongated, central transverse rhytid that crosses the midline. The subcutaneous plane 
is used for the dissection.
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Midforehead Brow Lift

The midforehead brow lift is similar to the midforehead lift except that the forehead incisions are bilateral and do not cross the midline or interconnect. Forehead and glabellar rhytids are not treated with this brow-lifting procedure. The 
procedure may be unilateral, as in cases of hemifacial paralysis with brow ptosis on one side.

Direct Brow Lift

In certain situations, the direct brow lift may be used. The incision follows the eyebrow and is placed within and parallel to the uppermost hair follicles of the brow. Even in the best of meticulous closures, the fine scar may be visible. This 
procedure may also be useful for the facial paralysis patient.

Browpexy

Following the standard blepharoplasty excision of the skin and orbicularis muscle, the dissection is extended superiorly toward the brow in the submuscular postorbicularis plane.[1] Dissection should extend approximately 1 to 1.5 cm above 
the superior orbital rim ( Figure 31-4, A ). One to three 4-0 permanent sutures are passed transcutaneously from the lower edge of the brow hairs into the previously dissected subbrow space approximately 1 cm apart ( Figure 31-4, B ). This 
transcutaneous introduction of the sutures allows the surgeon to mark the position of the brow hairs while working underneath the dissected flap.

Each suture is then passed through periosteum approximately 1 to 1.5 cm above the supraorbital rim ( Figure 31-4, C ). At this stage of the procedure, the height and curvature of the brow can be adjusted according to the patient's gender. 
Placing the more central suture slightly higher allows the characteristic arch of the female brow to be restored or preserved.

The sutures are then passed again into the subbrow muscular tissue at the level of the original transcutaneously passed marking suture ( Figure 31-4, D ). It is important to engage into firm muscular-subcutaneous tissue with each suture and 
avoid suturing into superficial subbrow tissue to avoid dimpling of the skin.

The original transcutaneous suture ends are then pulled through the skin under the flap. The surgeon ties the suture in a loop over a 4-0 silk knot, releasing the suture if adjustment is necessary ( Figure 31-4, E ). Care is taken to avoid 
overtightening the suture once adequate placement is achieved, which may immobilize the brow. The upper lid blepharoplasty incision may then be closed.

Endoscopic Brow Lift

Endoscopic brow-lifting techniques have been progressively refined through experience and improvements in equipment.[5] [15] [18] In general, the temporal dissection and temporal fixation have been standardized; however, different options for 
forehead dissection are available. Subperiosteal dissection with release (elevation, incision, and spread) of periosteum or subgaleal dissection and release of brow depressor musculature to the supraorbital rim are both effective techniques 
used in endoscopic brow lifts.[9] Methods of bony fixation remain a controversial topic, because there are numerous methods. Some of these methods include absorbable and nonabsorbable screws,[5] bone tunnels with sutures, fixation to soft 
tissue using absorbable attachment devices such as Endotine (Coapt Systems, Inc; Palo Alto, Ca), and fibrin glue.[3] [7] The primary author of this chapter advocates deep temporal fixation only without any bone fixation.[10] 

The technique that achieves excellent brow elevation is the release of the periosteum from one inferolateral orbit to the other and the release of the brow depressor musculature (corrugator, procerus, depressor supercilii, and supraorbital 



orbicularis oculi) ( Figure 31-5 ). [4] [9] [11] After the brow lift, all depressor vector forces should be eliminated to promote the maintenance of the newly elevated brow position, because periosteal reattachment to bone takes approximately 6 to 12 
weeks.[16] 

Temporal Lift

For patients with adequate medial brow position and ptotic lateral brow and lateral canthal hooding, an endoscopic temporal (temple) lift may be performed. A temporal lift is performed with the same principles and technique as the 
endoscopic brow lift (surgical technique described below) except that the medial border of the periosteal and brow depressor musculature release is the supraorbital neurovascular complex. The supraorbital orbicularis oculi muscle is the only 
brow depressor treated. The medial brow and glabellar region is not dissected, thereby resulting in elevation of the lateral two thirds of the brow-lateral canthal complex.

Treatment of the Depressor Muscles with Botulinum Toxin

Botulinum toxin may be used synergistically with the surgical brow depressor musculature release in an effort to weaken the inferior vector forces and promote the maintenance of the newly elevated brow. Botulinum toxin is used to block 
the depressor function of the corrugator, procerus, depressor supercilii, and lateral supraorbital orbicularis oculi muscles.[19] Two weeks before surgery, patients are injected with botulinum toxin. The corrugator, procerus, and depressor 
supercilii muscles (medial brow depressors) are typically injected with a total of 18 units of botulinum toxin,

755

and the lateral supraorbital orbicularis oculi muscles (lateral brow depressor) are injected with about 4 units of botulinum toxin on each side ( Figure 31-6 ). No botulinum toxin is injected into the frontalis muscle, because it acts as the only 
brow elevator. If an upper blepharoplasty is to be performed with the brow lift, botulinum toxin should be injected approximately 1 week following the procedure because upper eyelid levator ptosis may occur and subsequently quently 
interfere with the amount of upper eyelid skin to be removed.

ENDOSCOPIC BROW LIFT SURGICAL TECHNIQUE

Following photographic documentation of the patient's forehead and brows, the patient is brought into the operating suite. In most situations, an anesthesiologist administers general anesthesia with a laryngeal mask

 
Figure 31-4a A, Frontal illustration of browpexy. A skin-muscle eyelid crease approach is used to expose the subbrow fat pad. The plane of dissection is in the submuscular postorbicularis fascia. B, A 4-0 polypropylene suture is passed 
transcutaneously from the lower edge of the brow hairs into the previously dissected subbrow space. C, The suture is sewn through the subbrow tissue and the periosteum above the orbital rim. 

 



Figure 31-4b D, The suture is then passed again into the subbrow muscular tissue at the level of the original transcutaneously passed marking suture; the transcutaneous suture is removed. E, The suture is tied in a loop over a 4-0 silk knot, 
allowing for release of the suture if adjustment is necessary. Care is taken to avoid overtightening the suture after adequate placement is achieved, which may immobilize the brow. (Adapted from: Bowman CB, Tanenbaum M, McCord CD: 
Internal brow lift: browplasty and browpexy. In Putterman AM, Warren LA, editors: Cosmetic oculoplastic surgery: eyelid, forehead, and facial techniques, ed 3, Philadelphia, 1999, W.B. Saunders, p 117, 119–120. Used with permission.) 

 

Figure 31-5 Frontal illustration of brow muscles. (Adapted from: Keller GS, Hutcherson R: Endoscopy-assisted small-incision forehead and brow lift. In Putterman AM, Warren LA, editors: Cosmetic oculoplastic surgery: eyelid, forehead, 
and facial techniques, ed 3, Philadelphia, 1999, W.B. Saunders, p 315. Used with permission.) 

 

Figure 31-6 Supraorbital orbicularis oculi Botox injection sites (X). Two injections for a total of 4 units. (Adapted from: Zimbler MS, Nassif PS: Adjunctive applications for botulinum toxin in facial aesthetic surgery, Facial Plast Surg Clin 
North Am, in press. Used with permission.) 



 

Figure 31-7 Marking of the temporal incision (large arrow) parallel to the tail of the brow with its medial extent at the temporal conjoint fascia (small arrows). 

 

Figure 31-8 The temporal incision has been made and taken down to the deep temporal fascia (arrow). 

 

Figure 31-9 Endoscopic photograph of dissection over the deep temporalis fascia (large arrow), exposing the sentinel vein (small arrow). 

 

Figure 31-10 To prevent elevation of the lateral canthus, the surgeon or the assistant places a finger in the interior aspect of the lateral rim at the lateral canthus. 

 

Figure 31-11 Following periosteal and brow depressor muscle release, the supraorbital neurovascular complex (arrow) is visualized without obstruction from overlying muscle fibers. 

 

Figure 31-12 A, Patient before and B, 1 week after endoscopic brow lift with deep temporal fixation only. C, Intraoperative photograph of the patient's elevated brow complex to an unnaturally high position after a complete release of all 
periosteum and brow depressor musculature before fixation. 



 

Figure 31-13 Intraoperative photograph of a patient's elevated left brow complex after a unilateral complete release of all periosteum and brow depressor musculature before fixation. Q-tips are positioned at the inferior border of the 
supraorbital rim. 

 

Figure 31-14 A, Frontal of before (1) and after (2). B, Right oblique, before and after. A 32-year-old-woman with severe brow ptosis and blepharochalasis. Before (left) and 1 year post-operatively (right) following deep temporal fixation 
only endoscopic brow lift and bilateral upper blepharoplasty. The oblique view documents significant improvement in the temporal hooding, lateral canthal, and eyelid regions. 



 

Figure 31-15 A, Frontal of before (1) and after (2). B, Left oblique, before and after. A middle-aged patient with brow ptosis and fat herniation of the lower eyelids. Before (left) and 20 months postoperatively (right) following deep temporal 
fixation only endoscopic brow lift and bilateral lower fat repositioning blepharoplasty. Notice that the orbital region is rejuvenated, with the natural shape of the eyebrow kept intact. 

 

Figure 31-16 A, Right oblique before and B, after. A 43-year-old male who had an upper blepharoplasty 4 years previously was complaining of a "tired look." The brow, especially in the temporal region, descends below the supraorbital rim, 
causing temporal hooding, and the supratarsal crease is covered by overhanging ptotic upper eyelid skin. After a deep temporal fixation only endoscopic brow lift, the patient's brow ptosis is moderately improved. 

 

Figure 31-17 A, Frontal of before (1) and after (2). B, Left oblique, before and after. A 41-year-old patient with brow ptosis and fat herniation of the lower eyelids. After deep temporal fixation only endoscopic brow lift and bilateral lower 
transconjunctival blepharoplasty, notice the significant medial brow elevation. 



 
 
REFERENCES  
 
1. Bowman CB, Tanenbaum M, McCord CD: Internal brow lift: browplasty and browpexy. In Putterman AM, Warren LA, editors: Cosmetic oculoplastic surgery: eyelid, forehead, and facial techniques, ed 3, Philadelphia, 1999, W.B. Saunders, p 113–120.  
 
2. Castanares S: Forehead wrinkles, glabellar frown and ptosis of the eyebrows, Plast Reconstr Surg 34:406, 1964.  
 
3. Cousin JN, Ellis DA: Fibrin glue as the sole fixator in endoscopic forehead lift. Presented at the Canadian Society of Otolaryngology—Head & Neck Surgery annual meeting, Toronto, Ontario, May 30, 2000.  
 
4. De La Fuente A, Santamaria AB: Facial rejuvenation: a combined conventional and endoscopic assisted lift, Aesthetic Plast Surg 20:471, 1996.  
 
5. Isse NG: Endoscopic facial rejuvenation: endoforehead, the functional lift: case reports, Aesthetic Plast Surg 18:21, 1994.  
 
6. Larrabee WF, Makielski KH, Cupp C: Facelift anatomy, Facial Plast Surg Clin North Am 1:135, 1993.  
 
7. Marchac D, Ascherman J, Arnaud E: Fibrin glue fixation in forehead endoscopy: evaluation of our experience with 206 cases, Plast Reconstr Surg 100:704, 1997.  
 
8. Nassif PS, Kokoska MS: Aesthetic facial analysis, Facial Plast Surg Clin North Am 7:1, 1999.  
 
9. Nassif PS and others: Comparison of subperiosteal vs subgaleal elevation techniques used in forehead lifts, Arch Otolaryngol Head Neck Surg 124:1209, 1998.  
 
10. Nassif PS, Massry GG: Endoscopic brow lift: is bone fixation necessary? Presented at the Seventeenth Annual Symposium on the Latest Advances in Cosmetic Surgery of the Face, Newport Beach, California, August 8, 2003.  
 
11. Oslin B, Core GB, Vasconez LO: The biplanar endoscopically assisted forehead lift, Clin Plast Surg 22:633, 1995.  
 
12. Pitanguy I: Indications and treatment of frontal and glabellar wrinkles in an analysis of 3,404 consecutive cases of rhytidectomy, Plast Reconstr Surg 67:157, 1981.  
 
13. Pitanguy I, Ramos AS: The frontal branch of the facial nerve: the importance of its variations in face lifting, Plast Reconstr Surg 38:352, 1966.  
 
14. Rafaty FM, Brennan HG: Current concepts of browpexy, Arch Otolaryngol 109:152, 1983.  
 
15. Ramirez OM: Endoscopic subperiosteal browlift and facelift, Clin Plast Surg 22:639, 1995.  
 
16. Sclafani AP and others: Strength and histological characteristics of periosteal fixation to bone after elevation, Arch Facial Plast Surg 5:63, 2003.  
 
17. Tardy ME, Thomas JR, Brown R, editors: Facial aesthetic surgery, ed 1, St. Louis, Mosby, 1995.  



 
18. Vasconez LO and others: Endoscopic techniques in coronal brow lifting, Plast Reconstr Surg 94:788, 1994.  
 
19. Zimbler MS, Nassif PS: Adjunctive applications for botulinum toxin in facial aesthetic surgery, Facial Plast Surg Clin North Am, 11(4):477–482, 2003.  
 

764

Chapter 32 - MANAGEMENT OF THE AGING PERIORBITAL AREA

Oren Friedman 
Tom D. Wang 
Ted A. Cook 

INTRODUCTION

The eyes are often said to be the doorway to a person's soul. When considering facial plastic surgery, this statement holds true. The eyes play a central role in human communication. They are capable of expressing emotions such as anger, 
sadness, happiness, surprise, disappointment, hatred, and love. However, it is not the globe of the eye itself or the color of the pupil that is responsible for expressing these emotions; rather, it is the dynamics of the periorbital region that 
allow us to convey our feelings through our eyes—alterations in the shape of the palpebral fissure, the positioning of the brows, the furrowing in the glabella, and the redundancy and fullness in the lids.

The aging process affects the skin and underlying tissues by both intrinsic and extrinsic factors. Intrinsic aging refers to the effects of time on the skin. Over the course of one's lifetime, the epidermis and subcutaneous fat layers become 
thinner, and there is effacement of the dermal-epidermal junction. There are fewer Langerhans' cells and melanocytes, and the morphology of the keratinocytes changes. There is a progressive loss of organization of the elastic fibers and 
collagen (elastosis) and a weakening of underlying muscles. Extrinsic factors such as gravity, smoking, and sun exposure may result in keratinocytic dysplasia and accumulation of solar elastosis. Taken together, the intrinsic and extrinsic 
aging processes create pigmentary changes, rhytids, and texture irregularities of the skin ( Figure 32-1 ).[12] [13] 

On a macroscopic level, aging results in brow ptosis, lateral brow hooding, crow's feet, fine and deep rhytids, and loss of elasticity. Although the effects of aging are normal, ubiquitous, and acceptable to many individuals, others find such 
changes to be an area of concern. In the periorbital region, the effects of aging may cause an individual to unintentionally convey external expressions of boredom, fatigue, and sadness, despite the fact that these are not the emotions that he or 
she feels internally ( Figure 32-2 ). Due to the importance of the eyes in the conveyance of emotions, aging of the upper third of the face is almost always more visible and of greater impact than is aging in the lower face and neck. To fully 
address the periorbital region surgically, it is essential to first understand its anatomy and aesthetic ideals.[27] 

ANATOMY

Orbital Anatomy

The orbits are pyramidal bony structures composed of seven different bones: the frontal, maxillary, sphenoid, zygomatic, ethmoid, palatine, and lacrimal. Each orbit is 30 cm2 in volume and lies 25 mm from the other. The entrance of the 
orbit is 40 mm in height and 35 mm in width, and the widest part of the orbit lies 1 cm posterior to the anterior orbital margin. The orbital periosteum, called the periorbita, is firmly adherent to the bone, especially at the suture lines between 
the seven constituent bones of the orbit. The lacrimal gland fossa, which is located in the anterior-superior-lateral aspect of the orbit, houses the lacrimal gland. The supraorbital nerve and artery are transmitted through a true foramen in 25% 
of cases and through a notch in most cases. The frontal sinus lies superior to the orbits, and the ethmoid sinuses lie medial to the orbits.

The lateral orbital wall is formed by the greater wing of the sphenoid and zygoma, and it is 47 mm long. The lateral orbital tubercle (Whitnall's tubercle) is 10 mm below the zygomaticofrontal suture and 4 mm behind the anterior lateral 
orbital rim. The lateral canthal tendon (Whitnall's ligament) and Lockwood's ligament attach here. The medial orbital walls are 45 mm long. The medial wall is composed of the frontal process of the maxilla, the lacrimal bone, the lamina 
papyracea (ethmoid bone), and the lesser wing of the sphenoid bone. The anterior lacrimal crest forms the attachment for the medial canthal tendon. The lacrimal fossa and sac lie between the anterior and posterior lacrimal crests. The 
anterior and posterior
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Figure 32-1 The aging face. 



 

Figure 32-2 Changes in the upper third of the face and the effects of aging on facial expression. 

 

Figure 32-3 Sensory nerves of the forehead. 

 

Figure 32-4 Temporal branch of the facial nerve deep (arrow) to the SMAS and TP fascia. (From Weinberger MS, Becker DG, Toriumi DM: Rhytidectomy. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 
3, St Louis, 1998, Mosby, p 650, Figure 33-3.) 



 

Figure 32-5 The danger zone for the temporal branch of the facial nerve, defined as the region overlying the zygomatic arch between 1.8-cm anterior to the helical root and 2-cm posterior to the anterior end of the arch. (From Weinberger 
MS, Becker DG, Toriumi DM: Rhytidectomy. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, Mosby, p 650, Figure 33-2.) 

 

Figure 32-6 The superficial musculoaponeurotic system and the temporoparietal fascia is one continuous layer. (From Weinberger MS, Becker DG, Toriumi DM: Rhytidectomy. In Cummings CW and others, editors: Otolaryngology—head 
and neck surgery, ed 3, St Louis, 1998, Mosby, p 649, Figure 33-1.) 

 

Figure 32-7 Eyebrow muscles include the frontalis procerus, corrugator supercilii, and orbicularis oculi. (From Graney DO, Baker SR: Anatomy. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 
1998, Mosby, p 404, Figure 21-1.) 



 

Figure 32-8 Corrugator supercilii contraction causes vertical glabellar rhytids, and procerus contraction causes horizontal glabellar rhytids. (From Graney DO, Baker SR: Anatomy. In Cummings CW and others, editors: Otolaryngology—
head and neck surgery, ed 3, St Louis, 1998, Mosby, p 404, Figure 21-2.) 

 

Figure 32-9 The cross section of the orbit and eyelid. (From: Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, Mosby, p 680, Figure 35-6.) 



 

Figure 32-10 The lid crease is 10 to 12 mm above the lid margin in females and 7 to 8 mm above the lid margin in males. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and 
neck surgery, ed 3, St Louis, 1998, Mosby, p 678, Figure 35-3.) 

 

Figure 32-11 The sphincter mechanism of the eyelids depends on the three divisions of the orbicularis oculi muscle. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and neck 
surgery, ed 3, St Louis, 1998, Mosby, p 679, Figure 35-5.) 

 

Figure 32-12 Fat pads of the upper and lower eyelids. 

 

Figure 32-13 Descent of the midface with aging. 

 



Figure 32-14 Ideal brow position. The classic description places the peak of the brow at the lateral limbus, whereas more recent ideals of beauty place the peak at the lateral canthus. 

 

Figure 32-15 Elongation of the upper third of the face, with associated wrinkles at rest and ptotic brows. 

 

Figure 32-16 Prolapsing tissue over the upper eyelid crease resulting in a tired and aged look may be the result of skin, soft tissue, hypertrophied orbicularis muscle, and fat herniation. (From: Colton JJ, Beekhuis GJ: Blepharoplasty. In 
Cummings CW and others, editors: Otolaryngology head and neck surgery, ed 3, St Louis, 1998, Mosby, p 678, Figure 35-4.) 

 

Figure 32-17 The snap test and the pinch test are useful for the determination of the degree of lid laxity and excess skin. 



 

Figure 32-18 Illustration of the different surgical incisions used for brow elevation. 

 

Figure 32-19 Skin markings for a direct browlift. Note that the planned peak of the new brow position will be at a point that corresponds with the lateral canthus. 

 

Figure 32-20 Ellipse of the skin and subcutaneous tissue has been excised, leaving the orbicularis oculi muscle intact. 

 

Figure 32-21 Skin markings for a midforehead browlift. Note the differences in the vertical position of the ellipse on either side of the forehead; this optimizes scar camouflage. 

 

Figure 32-22 Sharp dissection of the skin and subcutaneous tissue off of the frontalis muscle down to the orbicularis fibers at the level of the eyebrow. 

 

Figure 32-23 A, Fixation of the new brow position is achieved with three simple interrupted sutures securing the orbicularis oculi muscle at the level of the brow, with the periosteum at the region of the excised ellipse. B, Skin closure is then 



achieved in two layers to reduce the tension on the wound and promote scar-free wound healing. (From Becker FF, Johnson CM, Mandel LM: Surgical management of the upper third of the face. In Cummings CW and others, editors: 
Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, Mosby, p 663, Figure 34-4.) 

 

Figure 32-24 The coronal incision is made 5-cm posterior to the anterior hairline. The trichophytic incision is made to follow the natural contour of the anterior hairline. (From Becker FF, Johnson CM, Mandel LM: Surgical management of 
the upper third of the face. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, Mosby, p 668, Figure 34-12.) 

 

Figure 32-25 High forehead browlift. (From Becker FF, Johnson CM, Mandel LM: Surgical management of the upper third of the face. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, 
Mosby, p 669, Figure 34-13.) 

 

Figure 32-26 Visible pretrichial incision scar for which the patient was referred to our care. 



 

Figure 32-27 Paramedian access incisions for the endoscopic browlift technique. 

 

Figure 32-28 Temporal access incisions for the endoscopic browlift technique. 

 

Figure 32-29 The sentinel vein is identified and cauterized to prevent bleeding that will obscure the operating field. 

 



Figure 32-30 The supraorbital nerve is identified, and the periosteum along the inferior brow line is sectioned. 

 

Figure 32-31 Bone bridge and suture are used to secure the brows and forehead in their elevated positions. 

 

Figure 32-32 Dissection through the conjoint tendon allows access to the orbital rim and midface in the endoscopic approach. 

 

Figure 32-33 Upper eyelid skin is marked. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, Mosby, p 686, Figure 35-19.) 

 

Figure 32-34 The pinch test helps in the determination of the amount of lid skin to be excised. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 
1998, Mosby, p 687, Figure 35-20.) 



 

Figure 32-35 A, The skin incision is made. B, The skin is excised. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, Mosby, p 687, Figure 
35-21, A and B.) 

 

Figure 32-36 After the orbital septum is opened, orbital fat may be excised with the cautery and gentle digital pressure on the globe. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—
head and neck surgery, ed 3, St Louis, 1998, Mosby, p 687, Figure 35-22.) 

 

Figure 32-37 Preseptal (1) and postseptal (2) transconjunctival approaches to blepharoplasty. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 
1998, Mosby, p 693, Figure 35-39.) 



 

Figure 32-38 Resection of skin is achieved as needed after the completion of fat removal. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, 
Mosby, p 694, Figure 35-43.) 

 

Figure 32-39 The lower eyelid incision may be made with scissors or a knife. Care is taken to avoid cutting the eyelashes. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and 
neck surgery, ed 3, St Louis, 1998, Mosby, p 688, Figure 35-25.) 

 

Figure 32-40 The skin and muscle flap are dissected bluntly and sharply. B, Access is gained to the septum and fat compartments for subsequent fat removal or cauterization of the septum. (From Colton JJ, Beekhuis GJ: Blepharoplasty. In 
Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, Mosby, p 689, Figure 35-26.) 

 

Figure 32-41 A, The flap is repositioned. B, Excess skin and muscle are excised. Care is taken to excise slightly more muscle than skin to ensure that there is no bunching of tissue at the incision line. (From Colton JJ, Beekhuis GJ: 
Blepharoplasty. In Cummings CW and others, editors: Otolaryngology—head and neck surgery, ed 3, St Louis, 1998, Mosby, p 689, Figure 35-28, A and B.) 
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Chapter 33 - SUCTION-ASSISTED LIPOCONTOURING

Edward H. Farrior 
Stephen S. Park 

INTRODUCTION

Having long been a part of cosmetic surgery, lipocontouring has continued to progress with the ever-changing technology of cosmetic surgery. Initially, lipocontouring was accomplished with the direct excision of fat through an open 
surgical approach; it now includes suction lipectomy, small cannula lipectomy, and, most recently, liposhaving and ultrasonic assisted liposuction. The goal of these procedures is to change the contour of the face or neck through the removal 
of localized fat deposits.

Suction lipectomy is an effective means of recon-touring the face that has been popularized and refined over the past 30 years.[3] [4] [6] [7] [11] As with all cosmetic surgery, understanding the anatomy, physiology, and changes that result from the 
aging process is imperative. On the basis of these changes, a logical approach to the integration of suction-assisted lipocontouring into the practice of facial plastic and reconstructive surgery is possible ( Figure 33-1 ).

The distribution of body fat is a consequence of genetics and is influenced by hormones, diet, exercise, medications, and patient age. It has become apparent through tissue culture studies that, after a critical mass within an adipocyte has been 
reached, hyperplasia can occur.[14] Although the mechanism of adipocyte hyperplasia has not yet been determined, the consensus remains that any significant change in fat deposition occurs through the enlargement rather than the addition of 
cells.[9] Diet-resistant localized fat deposits, which are ideal for lipocontouring, may represent localized adipocyte hyperplasia. Liposuction reduces the number of adipocytes regardless of their size and therefore should yield a lasting result, 
unless excessive weight gain occurs. The liposuctioned regions of hypertrophy should respond to weight gain in a fashion that is similar to adipocytes in other regions of the body and, therefore, should be resistant to significant contour 
changes that are out of proportion with overall weight fluctuation.

Liposuction involves the application of negative pressure through a hollow cannula with a 3- to 6-mm lumen in the subcutaneous plane. Fat is then avulsed as atraumatically as possible. Because of the loose intercellular connections, fat cells 
are more easily aspirated than tissues with greater structural integrity (e.g., muscle, vessels, nerves). Because the standard suction cannula has no cutting surface, structures with more integrity are protected. Liposhaving has recently been 
advocated as an alternative to liposuction. In this technique, a soft-tissue shaver is used with minimal suction to gently shave adipocytes.[4] The safety of this technique is of concern, and further investigation is under way. With liposuction and 
liposhaving, preserving important structures and maintaining bridges of uninterrupted tissue between the deep and superficial layers in an effort to maintain a healthier skin flap are the principles to be followed. Ultrasonic liposuction adds 
the mechanical agitation of the canula to assist in the dissection and release of adiposits and is usually done in conjunction with tumescent infiltration. [5] Recently the use of ultrasonography has been used both internally and externally to 
assist with liposuction. The ultrasonic energy is transferred into mechanical vibrations that cause the microcavities in the adipocytes to implode, thereby resulting in the liquefaction of the fat.[8] Multiple studies have shown potential 
complications with the use of subcutaneous ultrasonic energy resulting from heat generated at the cutaneous incision site and the more distal subdermal sites.[5] [8] [13] To date there are no controlled studies that demonstrate any added benefit 
from ultrasonic-assisted liposuction in the face and neck as compared with the standard technique.

PATIENT SELECTION

One of the greatest challenges with facial plastic surgery is the art of proper patient selection, and lipocontouring is no exception. Patient selection begins with an informal interview to get a sense of the patient's
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Figure 33-1 The integration of liposuctioning into facial plastic and reconstructive surgery. 



 

Figure 33-2 A, Preoperative and B, postoperative photographs show the illusion of enhanced chin projection after submental and submandibular liposuction, as well as the enhancement of the mandibular margin with improvement of the 
cervicomental angle. 

 

Figure 33-3 A, Preoperative and B, postoperative photographs show elimination of the double chin and augmentation of the facial skeleton status after jowl, submental, and submandibular liposuction. 



 

Figure 33-4 A, Preoperative and B, postoperative photographs show chin augmentation in conjunction with cervical liposuction. 

 

Figure 33-5 Soft-tissue shavers and cannulas of various sizes. 



 

Figure 33-6 Preoperative marking of anatomic structures, including the margin of the mandible, the sternocleidomastoid muscle, and the hyoid bone, with stippling of lateral feathered regions and a vertical line through prominent submental 
fat pad. 

 

Figure 33-7 Identification of the plane of dissection using Metzenbaum scissors. 

 

Figure 33-8 Use of the suction cannula to develop subcutaneous tunnels while stabilizing the skin with a skin hook. 

 

Figure 33-9 A and B, Palpation of the distal cannula to ensure the depth of dissection and the location of the distal cannula lumen. 



 

Figure 33-10 Distal feathering to ensure smooth transition to nonaspirated sites. 

 

Figure 33-11 Multiple distal tunneling to ensure smooth transition in all regions and to avoid overreduction of the immediate submental adiposity. 

 

Figure 33-12 Suction lipectomy of the jowl, posterior cervical, and submandibular regions, which can be approached through the postauricular incision. 



 

Figure 33-13 Sites that can be approached through the submental, postauricular, and vestibular incisions. 

 

Figure 33-14 A, Preoperative and B, postoperative photographs show a patient who has undergone submental liposhaving with the illusion of enhanced chin projection caused by augmentation of the cervicomental angle. 

 

Figure 33-15 Immediate postsurgical dressing. 



 

Figure 33-16 A light dressing can be applied by the patient after the immediate postsurgical dressing is removed. 
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Chapter 34 - MENTOPLASTY AND FACIAL IMPLANTS

Jonathan M. Sykes 
Travis T. Tollefson 
John L. Frodel Jr. 

MENTOPLASTY

The chin prominence is not present in any four-legged mammal. [12] During evolution, with the adoption of an upright posture and with verticalization of the face; the chin became an important facial feature. The events contributing to the 
evolutionary development of the chin in humans are open to speculation; however, the importance of the chin in the overall appearance of the face cannot be overstated.

In general, when patients inquire about improving their facial appearance, they rarely ask about surgical correction of the chin. More commonly, requests focus on seemingly more obvious problems, such as reduction of a large nose or 
correction of sagging skin of the neck and jowls. However, recognition, evaluation, and treatment of chin abnormalities often has a great impact on facial appearance. It is clear that all attractive faces have an underlying balance and 
structural symmetry to their facial skeletons.[19] Proper balance of the facial skeleton requires harmony and proportion of all bones of the face in all three planes of space. The chin should therefore be evaluated as it relates to important 
adjacent structures, such as the lips, teeth, and nose.[35] Appropriate treatment of aesthetic deformities of the chin will contribute to facial harmony and will often improve the appearance of the mouth, the lips, and the nose. It is for these 
reasons that every face should be carefully studied to determine why the chin appears unattractive. This will enable the surgeon to correct the deformity and improve facial proportion.

Surgical correction of aesthetic deformities of the chin can be performed by either chin augmentation with an implant or by osteotomy and advancement (or reduction) of the bony mentum. Augmentation using alloplastic implants can 
camouflage a horizontal (anterior-posterior [AP]) bony deficiency.[38] However, this technique is not effective in correcting vertical (superior-inferior) or transverse deformities of the lower face and chin. Horizontal bony osteotomy of the chin 
(osseous genioplasty) is a simple and versatile procedure. This technique allows horizontal advancement or reduction of the chin, vertical lengthening or shortening of the chin, and correction of transverse deformities of the chin. The 
procedure chosen to correct the specific aesthetic problem is based on the type and extent of the deformity[35] ( Table 34-1 ). If carefully evaluated and planned, aesthetic correction of chin deformities can provide significant improvement in 
the overall balance and proportion of the face.

Patient Evaluation

To precisely correct any chin deformity, careful preoperative analysis of the deformity is essential.[34] [35] Specifically, the chin should be evaluated as it relates to other skeletal and soft tissue structures, including the lips, teeth, nose, and soft 
tissues of the neck. A detailed history of past trauma, orthodontic treatment, or prior oral surgery is essential. This is important because many patients with dental malocclusion and underlying facial skeletal abnormalities are treated with 
orthodontics. This method of dental compensation may correct the malocclusion, but it fails to improve the underlying skeletal deformity. It is therefore important to discuss prior therapy, including orthodontics, with the patient.

Physical examination should include inspection and palpation of the chin, lips, nose, and teeth. The entire face should be observed at rest and during animation to evaluate the mentalis soft tissue mound and its support. With aging, patients 
may develop ptosis of the soft tissue pad of the chin. In patients with open bite deformities and lip incompetence, hyperactivity of the mentalis muscles ("mentalis strain") can occur ( Figure 34-1 ). For this reason, the dental occlusion
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TABLE 34-1 -- MENTOPLASTY PROCEDURES

DEFORMITY  

Horizontal (Anterior-posterior) Vertical Transverse Procedure

D N or sl D N Chin implant or genioplasty

D E N Genioplasty (advancement with possible ostectomy if significant vertical excess)

D D N Bony advancement (with downgrafting for chin lengthening)

N N Asymmetric Bony osteotomy (with resection of downgrafting)

E N N Bony osteotomy (with setback)

E E N Bony osteotomy (with ostectomy)

D, Deficient; E, excessive; N, normal; sl, slight.

Modified from Sykes J, Frodel J: Op Tech Otolaryngol 6:319, 1995.
 
 
Figure 34-1 Anterior-posterior (A) and lateral (B) photograph of a patient with posterior vertical maxillary access and an open bite deformity. Note the mentalis strain caused by the patient trying to close her lips at rest. 



 

Figure 34-2 Panoramic radiograph. 

 

Figure 34-3 Lateral cephalometric radiograph showing the bony and soft tissue outline of a patient with a class II malocclusion and mild open bite deformity. 

 

Figure 34-4 Steiner, Ricketts, and Burstone analysis of the ideal relationship of the chin as it relates to the lips and other lower facial structures. 

 
 
 

 
 



 
 
Figure 34-5 The Gonzalez-Ulloa and Stevens and the Holdaway analyses of the chin and lower third of the face. 

 

Figure 34-6 Horizontal relationships of the chin and upper and lower lips as they relate to the nasal perpendicular line. 

 

Figure 34-7 The relationship of the chin position to a perpendicular passing through the vermillion border of the lower lip. 

 

Figure 34-8 Vertical heights (thirds) of the face. 



 

Figure 34-9 Vertical relationship of the face without accounting for the upper facial third. 

 

Figure 34-10 Schematic diagram of incisor show of the maxillary teeth. A normal relationship would be 0 to 3 mm of central incisor visible. 

 

Figure 34-11 Vertical relationships of the lower third of the face. 



 

Figure 34-12 A, B, and C, Anterior-posterior lateral and smiling lateral preoperative views of a patient with senile ptosis of the chin. Note the deepened submental crease when smiling. D, Postoperative lateral view after deep plane facelift 
and soft tissue correction of the ptotic mentalis pad. 

 

Figure 34-13 A, Horizontal submental incision in the crease for placement of a chin implant. B, Schematic diagram indicating the extent of dissection (stippled area) for placement of a chin implant. 



 

Figure 34-14 Dissection planes for placement of a chin implant with the central dissection being supraperiosteal and the lateral pockets in the subperiosteal plane. 

 

Figure 34-15 Lateral subperiosteal placement of an extended alloplastic chin implant. 

 

Figure 34-16 Schematic diagram of a horizontal gingivolabial incision for bony genioplasty. 

 

Figure 34-17 Marking on cadaver illustrating the gingivolabial incision not in the crease to facilitate later closure. 

 

Figure 34-18 Schematic illustration of the subperiosteal plane of dissection for genioplasty. Note the mental nerves are isolated, identified, and preserved and an inferior cuff of central soft tissue is maintained on the distal segment of the 
chin to increase vascularity. 



 

Figure 34-19 The cadaver dissection of the subperiosteal plane of dissection for genioplasty. 

 

Figure 34-20 Schematic illustration indicating measurement of the osteotomy site from the middle line to ensure symmetry. 

 

Figure 34-21 The cadaver dissection indicating measurement of the osteotomy site from the middle line to ensure symmetry. 

 

Figure 34-22 Inscription of the bony midline with a sidecutting burr to facilitate later accurate approximation after osteotomy. 

 

Figure 34-23 Anterior-posterior (A) and lateral (B) schematic illustrations showing the horizontal mandibular osteotomy of the mentum well below the mental foramena. 



 

Figure 34-24 Vertical lengthening of the chin by inserting bone grafts into the down grafted osteotomy site. 

 

Figure 34-25 Bony ostectomy for shortening of the chin with removal of a segment of bone from the ostectomy site. 

 

Figure 34-26 Horizontal bony advancement of the chin with fixation with a prebent genioplasty plate. If bony contact is good, a single plate can be used. 

 

Figure 34-27 Intraoperative photograph of the preformed rigid genioplasty plate. Note that two small wires are used in this patient to insure stability of the bony movement. 

 

Figure 34-28 A and B, Preoperative anterior-posterior and lateral views of a patient for rhinoplasty and chin augmentation. C and D, Six-month postoperative photograph of a patient after open rhinoplasty and chin augmentation with 
alloplastic implant. 



 

Figure 34-29 A, B, and C, Preoperative anterior-posterior, lateral, and oblique views of a patient for rhinoplasty and sliding advancement genioplasty. D, E, and F, Six-month postoperative views of the patient after open rhinoplasty and 
advancement genioplasty. 



 

Figure 34-30a A through D, Preoperative anterior-posterior (AP), oblique, lateral, and occlusal views of a patient with significant congenital asymmetry, class III malocclusion, bilateral cross-bite, and microgenia. 

 

Figure 34-30b E through H, One-year postoperative AP, oblique, lateral, and occlusal views of the patient after Le Fort I maxillary osteotomy with advancement bilateral sagittal split, ramus osteotomy of the mandible with setback and 
rotation, and advancement genioplasty with rotation of the chin point. 



 

TABLE 34-2 -- FACIAL IMPLANT CHARACTERISTICS

Material Polydimethylsiloxane Fibrillated ePTFE High-density Polyethylene Hydroxyapatite/Carbonated Apatite

Trade name Silastic (silicone rubber) Gore-Tex MEDPOR Bone Source/Norion CRS

Tissue interface Fibrous capsule Limited tissue ingrowth Fibrovascular ingrowth Osseointegration

Advantages Can be carved and removed Sheets or tubular (lips) Versatile, resistant to infection Paste consistency can be molded

Disadvantages Bone resorption, exposure Palpable Difficult to remove Exposure or infection

Complications Malposition, extrusion, infection Malposition, extrusion, infection Malposition, extrusion Exposure, infection (i.e., frontal sinus)

Common sites for use Chin, malar, nasal Lips, nose Malar, orbit, chin, nasal Craniofacial, forehead

Trade names include Silastic (Dow Corning, Midland, Mi), Gore-Tex (ePTFE, Gore Tex, WL Gore, Flagstaff, Az), MEDPOR (Porex Surgical, Newnan, Ga), Norian CRS (Synthes-Stratec, Paoli, Pa), and BoneSource (Stryker Leibinger, 
Flint, Mi).
 
limited. Nasal dorsal augmentation can be performed using 1- to 2-mm ePTFE sheets. [8] A hollow, tubular ePTFE allows tissue ingrowth for soft tissue augmentation (SoftForm, Tissue Technologies, San Francisco, Ca). The author's 
preference for a softer, less palpable implant is a dual porosity lip implant (Advanta, Atrium Medical, Hudson, NH) with a highly porous core and medium porosity outer surface. The advantages of ePTFE as a facial implant include its 
preformed contour, stability, and relative ease of removal. However, extrusion and infection are seen.[29] 

Porous Polyethylene

Porous polyethylene, a carbon-based polymer, was introduced in an ultra high-density form for weight-bearing joint reconstruction. The high-density form has pores of >100 microns that permit direct fibrovascular ingrowth and stabilization. 
MEDPOR (Porex Surgical, Newnan, Ga) is available in a variety of preformed sizes and shapes and can be customized for malar, submalar, orbital floor, ocular, auricular, mandibular,[41] or even large zygomaticomaxillary defects ( Figure 34-
31 ). In comparison to encapsulated silastic implants, polyethylene implants can be more difficult to remove due to tissue ingrowth.

Calcium Hydroxyapatite

Calcium hydroxyapatite bone cement is available for craniofacial augmentation and can become incorporated into bone.[7] Original ceramic varieties of hydroxyapatite were brittle and difficult to contour. Newer nonceramic bone cements can 
be mixed at the time of surgery into a paste-like consistency that can be molded and contoured into the craniofacial defect. Two 

 
Figure 34-31 Porous polyethylene implants are shown. From left to right, a two-piece anatomic chin implant enhances chin projection while contouring onto mandibular body to prevent a chin "button" appearance as was seen with older 



implants. Mandibular angle implants help create an angulated jawline. A custom malar implant is also shown. (Medpor, Porex Surgical, Newnan, Ga. Used with permission.) 

 

Figure 34-32 Hinderer recommended the ideal malar eminence on a frontal view should rest posterior and superior to the intersection of a line drawn from the lateral canthus to the lateral commissure and a line extending from the tragus to 
the inferior alar-facial groove. 

 

Figure 34-33 Powell and colleagues analysis technique. On frontal view, a curved line (A) is created from tragus to tragus at a vertical position located at the midpoint of the nasion and nasal tip. A second line (B) is drafted from the lateral 
canthus to inferior nasal ala. The final line (C) is creating starting at the lateral oral commissure extending parallel to line B until it reaches the curved line A. The malar eminence would ideally be located at this intersection. 

 

Figure 34-34 A, A variety of porous polyethylene malar implant sizes and shapes are available. A malar implant extending onto the lateral and inferior orbital rim is shown (zone one). B, A malar implant can be carved to custom fit the 
zones of augmentation needed. (Medpor, Porex Surgical, Newnan, Ga. Used with permission.) 
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Chapter 35 - REHABILITATION OF FACIAL PARALYSIS

Roger L. Crumley 
William B. Armstrong 
Patrick J. Byrne 

INTRODUCTION

Unilateral facial paralysis is usually a devastating emotional ordeal. The ability to restore symmetry and motion to patients afflicted with facial paralysis is one of the most rewarding skills of the well-trained reconstructive surgeon. This 
chapter discusses rehabilitation of facial nerve injuries. Many of the diagnostic considerations and surgical techniques described are applicable to otogenic paralyses (intratemporal), as well as injuries and diseases that affect the parotid and 
facial portions of the facial nerve.



The facial nerve, once damaged, rarely attains full recovery of function. The slightest injury to one branch, even if the nerve is not divided, may produce permanent weakness or another dysfunction, such as spasm or synkinesis. Any patient 
sustaining facial nerve injury or contemplating parotidectomy, as well as any preoperative patient with the slightest chance of sustaining surgical facial nerve injury, should be told that his or her face might never regain normal movements. It 
is worthwhile for the surgeon to take an extra moment to confirm that the patient understands this concept. It sometimes necessary to show patients videotapes, photographs, or movies of other patients before the true meaning of facial 
paralysis is conveyed to the patient.

Many patients listen to the physician's words yet are unable to fully understand the visual impact of facial paralysis or synkinesis. Therefore, it is unwise and unfair to describe hypoglossal-facial anastomosis or muscle transposition in such a 
way that the patient may believe that the facial nerve and movements will be restored. A realistic approach yields the rewards of patient compliance, understanding, satisfaction, and acceptance of reality. A recent review of all state and 
federal civil trials alleging malpractice and facial nerve paralysis demonstrates the importance of careful explanation and documentation, as well as the importance of good patient rapport and bedside manner in preventing lawsuits.[60] 

CAUSES OF FACIAL PARALYSIS

The pathogenesis and eventual course of facial paralysis vary depending on the causative injury or disease. This chapter focuses on clinical situations requiring surgical reanimation.

PATIENT ASSESSMENT

Complete patient assessment is critical to attain optimal rehabilitation of facial paralysis. It is critical to properly understand the nature of the injury and the resulting defect, to know the viability of the proximal and distal facial nerve 
segments, to properly assess the viability of potential donor nerves and facial musculature, and to thoroughly assess both the patient's health status and personal desires for rehabilitation.

An outline of assessment of facial nerve paralysis follows: 

I.  History
A.  Type of injury
B.  Time since injury
C.  Age, overall health, and life expectancy
D.  Radiation therapy (past or planned)
E.  Nutritional factors
F.  Prior operative report

II.  Physical examination
A.  Prior incisions and scars
B.  Integrity of trigeminal, vagal, and hypoglossal nerves
C.  Facial motion (is entire face paralyzed?)
D.  Status of eye (lagophthalmos, ectropion?)
E.  Facial tone, structure (habitus, etc.)

III.  Electromyography (perform on all patients who have had paralysis for more than 1 year), computed tomography (CT) scan, temporal bone
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(if there is any question about the cause of paralysis)
IV.  CT scan of temporal bone and magnetic resonance scan of parotid gland (if there is any question about the cause of paralysis)

Assessment of the Deformity

Thorough history and physical examination are imperative to properly select appropriate rehabilitation options for facial paralysis. The type of injury, time since injury, age and health of the patient, coexisting medical problems, and life 
expectancy are key facts to ascertain. In addition, prior surgical therapy, rehabilitative procedures, and radiation therapy are ascertained. Swallowing and speech function are assessed in anticipation of possible use of the hypoglossal nerve. 
Whenever possible, the operative report(s) is(are) reviewed.

Physical examination includes complete head and neck examination with attention to cranial nerve function and the presence of functional masseter and temporalis muscles. The degree of facial nerve function is globally recorded using the 
House-Brackmann Facial Grading System ( Table 35-1 ).[48] A number of facial nerve grading scales have been developed, but  

TABLE 35-1 -- THE HOUSE-BRACKMANN GRADING SYSTEM[48]

Grade Description Characteristics

I. Normal Normal facial function in all areas

II. Slight Appearance: slight weakness noticeable on close inspection; may have very slight synkinesis

  At rest: normal symmetry and tone

  Forehead motion: moderate to good function

  Eyelid closure: complete with minimal effort

  Mouth motion: slight asymmetry



III. Moderate Appearance: obvious but not disfiguring weakness between the two sides; noticeable but not severe synkinesis, contracture, and/or hemifacial spasm

  At rest: normal symmetry and tone

  Forehead motion: slight to moderate movement

  Eyelid closure: complete with effort

  Mouth motion: slightly weak with maximal effort

IV. Moderately severe Appearance: obvious weakness and/or disfiguring asymmetry

 Dysfunction At rest: normal symmetry and tone

  Forehead motion: none

  Eyelid closure: incomplete

  Mouth motion: asymmetric with maximal effort

V. Severe Appearance: only barely perceptible motion

  At rest: asymmetric

  Forehead motion: none

  Eyelid closure: incomplete

  Mouth motion: slight movement

VI. Total No facial function
 
the House-Brackmann scale was adopted by the Facial Nerve Disorders Committee of The American Academy of Otolaryngology—Head and Neck Surgery in 1985 because of its reproducibility and ease of use.[48] This global scale is useful 
for evaluation of overall function, but it is insufficient for precise assessment of defects affecting one or more branches of the facial nerve, and it does not allow precise measurement of effectiveness of treatments isolated to one region of the 
face. Therefore, it is important to also assess deformity of the upper, middle, and lower thirds of the face independently. This allows more precise characterization of defects, aids the decision-making process for rehabilitation, and allows 
more precise assessment of treatment results. Facial tone is also noted, as is the presence of any reinnervation. Thorough assessment of the eye is also performed. Visual acuity, corneal integrity, eyelid closure, tearing, Bell's phenomenon, 
lagophthalmos, lower lid laxity, position of the lacrimal puncta, and eye-brow position are noted. Nasal examination focuses on the position of the ala and nasal septum and the presence or absence of nasal obstruction. Oral competence, 
height, and position of the lower lip are carefully noted. In long-term (>1 year) paralysis, electromyography
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(EMG) of the facial muscles is performed before performing reinnervation procedures. Occasionally, muscle biopsy provides additional information about the presence of viable muscle for innervation. If nerve fibrosis is suspected, nerve 
biopsy is occasionally indicated.

The patient's smile pattern is assessed. The smile is created by the muscles of the lips, and smile patterns can be classified into one of three types.[82] The "Mona Lisa" smile is the most common smile pattern (67%). It is dominated by action of 
the zygomaticus major muscle. The corners of the mouth move laterally and superiorly, with subtle elevation of the upper lip. The canine smile (31%) is dominated by levator labii superiorus action, appearing as vertical elevation of the 
upper lip, followed by lateral elevation of the corner of the mouth. The least common smile is the full denture smile (2%) or "toothy smile," produced by simultaneous contraction of the elevators and depressors of the lips and angles of the 
mouth. Knowledge of facial muscle anatomy and the smile pattern exhibited by the patient are important when considering rehabilitation techniques other than nerve grafting to recreate a balanced facial appearance at rest and the simulation 
of a symmetric smile.

Considerations in Facial Nerve Rehabilitation

A number of factors come into play in designing a management plan for a patient with facial paralysis. In clinical situations requiring facial reanimation, the technique used often depends on the availability of a viable proximal facial nerve.

Tumor ablation with facial nerve sacrifice (as in radical parotidectomy for parotid malignancy) dictates immediate facial nerve restitution, usually by cable grafting. When the nerve's continuity and viability are in question, however, as may 
be seen during and following cerebellopontine angle surgery, it is wise to wait 9 to 12 months before an extratemporal facial nerve operative procedure is undertaken. Hence, no modality is universally appropriate for all afflictions of facial 
nerve function. Static procedures are generally used when no viable reinnervation options exist, but can also be integrated with dynamic procedures to provide immediate restoration of facial symmetry.

Generally, however, the order of preference is as follows: 

1.  Spontaneous facial nerve regeneration (observation)
2.  Facial nerve neurorrhaphy
3.  Facial nerve cable graft
4.  Nerve transposition
5.  Muscle transposition
6.  Microneurovascular transfer
7.  Static procedures

A wide array of facial reanimation operations are available to the surgeon. Many of these procedures provide dramatic corrective results when appropriately applied, but their use may be injudicious in other patients. Factors influencing the 
timing and performance of facial reanimation procedures follow: 



• Etiology, location, and severity of injury
• Time elapsed since injury
• Presence of partial regeneration
• Proximal and distal nerve integrity
• Viability of facial muscles (no denervation atrophy)
• Donor site morbidity
• Status of donor nerves
• Age of patient
• Health status of patient
• Radiation injury
• Patient desires and goals

Etiology of Paralysis and Location of Injury

Management of facial paralysis is highly dependent on the etiology of the paralysis. Bell's palsy is generally observed because partial or complete return of function occurs. Acute penetrating traumatic lesions are explored and repaired 
acutely, ideally before loss of electrical stimulability of the distal nerve fibers. The management of blunt temporal bone trauma is dependent on the presence or absence of complete facial paralysis immediately after injury. Surgical trauma 
from tumor resection in the parotid and mastoid segments of the nerve is treated by immediate nerve grafting. To the contrary, facial nerve paralysis from neurotologic procedures is observed if nerve integrity remains, but may often require 
nerve transposition procedures due to lack of availability of intact proximal facial nerve.

Time Since Transection

A chronic, longstanding paralysis with complete muscle degeneration creates several problems with regard to eventual reinnervation surgery. The facial muscles may undergo denervation atrophy. Severe atrophy renders the muscles 
incapable of reinnervation and contraction. Such severe atrophy may occur after 18 months of complete denervation, although in some clinical situations muscles have been known to persist inexplicably for many years without incurring such 
atrophy.[43] EMG is the most helpful method for assessing facial muscle atrophy and is therefore a preoperative prerequisite for all reanimation candidates if the paralysis is of more than 12 months' duration. The presence of nascent, 
polyphasic, or normal voluntary action potentials seen in a patient with facial paralysis
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indicates reinnervation. If more than 12 months have passed since the facial nerve injury, the situation can be assumed stable and an operative procedure may be warranted. However, in the first 12 months, these potentials may mean that 
reinnervation is occurring and that facial movements may return in the next few months. Reanimation surgery should therefore be postponed. Fibrillation or denervation potentials mean that the EMG electrode is positioned in denervated 
muscle. This is an optimal situation for cable nerve grafting, or, when no viable proximal facial nerve is available, for hypoglossal-facial anastomosis.

One of the most significant EMG findings is electrical silence. The absence of all electrical EMG potentials usually means that the muscles of facial expression have undergone denervation atrophy. The surgical implication is that nerve 
grafting or transfer is futile and thus contraindicated. If the facial muscles are absent or atrophied, muscle transfers are indicated.

Another effect of time includes endoneural scarring in the distal nerve segment. It is not known whether endoneural scarring acts as an impediment to nerve regeneration, but when associated with muscular atrophy, it probably further 
precludes nerve grafting or transfer.

Presence of Partial Regeneration

Partial regeneration is often overlooked, but it is extremely important in understanding which operation to perform. If the facial nerve has undergone enough regeneration to permit a few axons to reach the facial muscles, this partial 
innervation may be sufficient to preserve the muscles for many years, even though they may be totally paralyzed. This situation will optimize results from hypoglossal-facial anastomosis, which is generally preferable to muscle transfer.

Status of the Proximal and Distal Facial Nerve

As a rule, the most desired neural source for rejuvenation of the paralyzed face is the ipsilateral facial nerve. Anastomosis or grafting to the ipsilateral nerve has no donor consequence (other than the minor hypesthesia or anesthesia from the 
harvesting of a nerve graft) and allows at least some degree of voluntary and involuntary control of facial movement. Exceptions to this general rule are those situations in which the patient needs prompt relief from corneal exposure or 
drooling, and a tissue transfer/sling technique may be preferred because its effects are immediate.

For these reasons, the integrity of the proximal facial nerve is most important. As with other motor nerves, no reliable electrical tests exist to confirm the viability of the proximal nerve when it is discontinuous with its distal portion. Factors 
that affect proximal nerve viability, thereby enabling the clinician to make a qualified assessment,[31] include (1) nature of nerve injury, clean transection, crush, and so forth; (2) location of injury (proximal vs distal); (3) age (younger nerves 
tend to regenerate more quickly and fully); (4) nutritional status (directly affects nerve regeneration); and (5) history of radiation (may impede neural regeneration).

The facial nerve distal to the injury site serves as a conduit for neural regeneration to the facial muscles following neurorrhaphy, grafting, or hypoglossal-facial anastomosis. Consequently, the anatomic integrity and continuity of the distal 
nerve to the facial muscles is critical. When the surgeon is dealing with acute injuries (<72 hours old), the electrical stimulator may be used to identify the distal nerve and the muscular innervation of distal branches. After this "golden 
period," however, the surgeon must rely on visual identification of the divisions and branches of the distal nerve because the ability to be stimulated electrically is generally lost after approximately 72 hours. For this reason, transected nerve 
branches in trauma or tumor cases should be tagged for identification by placing a small colored suture around or adjacent to each nerve branch. Any anatomic or surgical landmarks should be precisely dictated in the operative note. If no 
suture markers are available, and the golden period has elapsed, careful surgical searching (preferably with loupes or an operating microscope) may reveal each of the divisions or branches of the facial nerve. A topographic map is essential 
in guiding the dissection. A review by Bernstein and Nelson[10] describes the variability with which these branches are placed. The following landmarks are helpful ( Figure 35-1 ). 



1.  The pes anserinus can be found 1.5 cm deep to a point 1 cm anterior and 2 cm inferior to the tragal cartilage.
2.  The superior division courses from the pes anserinus to the lateral corner of the eyebrow, convex posterosuperiorly (see Figure 35-1 ). Bernstein and Nelson[10] stressed that these temporal branches may be multiple and as far posterior as 

the superficial temporal vessels.
3.  The buccal branch courses superiorly then anteromedially, passing 1 cm inferior to the inferior border of the zygomatic arch (see Figure 35-1 ).
4.  The marginal mandibular branch passes from the pes anserinus directly over the angle of the mandible and then under the inferior border of the mandible for approximately 3 cm. It then crosses above the mandible at the level of the 

facial vessels. Several anatomic variations may exist, requiring ingenuity in nerve grafting. When
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the facial nerve trunk and pes anserinus are intact, a cable graft (or hypoglossal nerve) should be sutured to that portion of the main nerve trunk. However, certain injuries and surgical procedures may sacrifice important individual 
portions of the nerve, requiring selective routing of reinnervation to specific divisions. The order of priority for reinnervation of facial nerve branches is as follows: (1) buccal and zygomatic branches (equal), (2) marginal mandibular, (3) 
frontal, and (4) cervical (the latter may be disregarded or excluded).

As an example of selective routing, when a parotid tumor operation results in excision of the pes anserinus and the proximal facial branches, a branched nerve graft may be placed to reinnervate the zygomatic and the buccal branches, 
excluding the less important branches.

When nerve grafts are sutured to the entire facial nerve trunk, the relatively unimportant cervical 

 
Figure 35-1 Topographic map of distal facial nerve anatomy, useful as a guide in finding nonstimulatable nerve branches for grafting. Pes anserinus is 2 cm inferior to a point 1 cm anterior to tragus. Marginal mandibular branch courses from 
the pes anserinus to the angle of the mandible: buccal branch parallels the zygomatic arch 1 cm below its inferior border. Superior division arcs from pes anserinus toward lateral end of the eye-brow, under line that is convex superiorly. 
(From House JW, Brackmann DE: Otolaryngol Head Neck Surg 93:146, 1985.) 

 

Figure 35-2 Occlusive bubble worn by a patient following acoustic neuroma surgery. The appliance has a foam rubber skin contact surface that is firmly attached to a thin Plexiglas lens. The authors have found that patient compliance is 
relatively high with this type of device. (Courtesy of Moisture Chamber, Pro-optics, Palatine, IL.) 

 



Figure 35-3 A, Tiny single skin hook being used to evert the lower lid for denuding of "gray line" (mucocutaneous junction). Note that a gray line of upper lid has been denuded. B, Healed tarsorrhaphy at 4 months. Increased eye closure 
may be achieved by extending the denudation and sutures medially. 

 

Figure 35-4a Facial muscles. A, The most important muscles for reanimation. Levator labii superioris, along with lesser zygomatic muscle, is probably the most significant muscle for elevation of upper lip. Greater zygomatic muscle is also 
critical as the strongest elevator of oral commissura. B, Example of a delayed nerve graft. A patient with parotid malignancy removed without immediate reconstruction (because of intraoperative anesthesia considerations). Patient was 
referred for nerve grafting after 9 months elapsed. Note elongation of buccal-smile complex of muscles (greater and lesser zygomatic, levator labii superioris) and paralysis of orbicular eye muscle. C, Preoperative surface markings for nerve 
branches. Nerve stimulator cannot be used to locate distal branches after 9-month time lapse. Markings are for superior division and buccal branch, based on landmarks described in Figure 35-1 and prior operative report. 



 

Figure 35-4b D, Superior division is found; it is ready for transection and anastomosis to sural graft (from midmastoid nerve segment). E, One year after operation. This is the typical result of a nerve graft when delayed. Orbicular eye and 
buccal branch muscles are improved but not normally or completely reinnervated. F, Voluntary motion in both zygomatic and buccal branches, with synkinesia. This result is also typical of most nerve grafts in that the temporal branch (to 
occipitofrontal muscle) shows no reinnervation. Note hairstyle designed to camouflage occipitofrontal muscle paralysis. 

 

Figure 35-5a A, Hypoglossal-facial anastomosis showing selective reinnervation of inferior division, leaving superior division innervation intact. Inset shows fascicular dissection before anastomosis (see D and E). B and C, Preoperative 
view of patient with long-standing segmental paralysis of inferior division of facial nerve. Zygomatic branch to orbicular eye muscle shows preservation of innervation. 



 

Figure 35-5b D, Perineural dissection of pes anserinus reveals fascicles destined for zygomatic and buccal branches (see A). E, Buccal branch and inferior division transected. Neurosurgical loop protects intact superior division under 
background piece of polymeric silicone (Silastic). Hypoglossal nerve (lower right) is ready for anastomosis. F, Completed anastomosis of hypoglossal nerve to buccal branch and inferior division of facial nerve. Superior division intact in 
continuity with proximal facial nerve. G, Strong reinnervation to entire face, 1 year after operation. Patient uses hypoglossal innervation to buccal branch muscles to enhance eye closure. H, Upward movement of oral commissura mediated 
by hypoglossal nerve, without associated or synkinetic eye closure. 

 

Figure 35-6 A, Patient with facial paralysis after acoustic neuroma excision. Lateral tarsorrhaphy in place. B, Exposure of hypoglossal nerve. Note exit of ansa cervicalis branch to lower right of photograph. This may be transected and 
sutured to the distal hypoglossal, although preservation of tongue innervation is usually weak when this is performed. C, Repose. Note elevated commissura and reconstitution of nasolabial fold. D, Movement, instigated by pushing tongue 
tip against lingual aspect of mandible in canine region. This maneuver usually results in strongest facial movement following 12th nerve-7th nerve anastomosis. E, Typical lingual deviation following procedure. 



 

Figure 35-7a Masseter transfer procedure. A, Intraoral approach to masseter. Procedure is more difficult when performed in this manner; external approach is preferred. B, Correct incisions in muscle and periosteum. Periosteum must be 
incorporated in the lower portion of the muscle flap to leave the tissue secure for suturing to the lip region. C and D, Entire muscle, rather than only anterior elements, is transposed, so that the masseteric nerve supply is transferred intact with 
muscle belly. 



 

Figure 35-7b E, Elderly woman with complete peripheral facial paralysis. Note severe brow ptosis, medial tarsorrhaphy, and severe redundancy of cheek, paranasal, and lateral lip tissues on the left. F, Intraoperative photograph showing 
intraoral masseter transfer. Large Kelly clamp is used to grasp the inferior portion of the masseter, which will be passed through the cheek tissues to a nasolabial fold incision (see A through D). G, Photograph taken after brow-lifting 
procedure (tarsorrhaphy has been left for eye safety). Masseter transfer has successfully raised the corner of the mouth and the nasolabial fold. The patient declined further excision of the nasolabial fold for improved cosmesis. 

 

Figure 35-8 Temporalis muscle transposition. A, Dotted line illustrates incision in pericranium peripheral to edge of muscle. This results in strong periosteum to hold sutures in transposed position. Nerve supply on deep side of muscle is not 
shown. B, Temporalis muscle divided into four slips. Note pericranium at the end of the slips sutured to the muscle to reinforce the suture site. Temporal fascia superficial to the muscle can be used in the same way. C, Transposed slips 
sutured to perioral muscles. Creativity and compulsivity must be used during this portion of procedure. Overcorrection is mandatory. Sutures (A) must be placed in subdermis inferior to incision or in submucosal portion of wound deep to 
orbicularis oris muscle.[36] D, Completed procedure. Wide tunnel over the zygomatic arch precludes an unsightly bulge of muscle, which would otherwise be produced. Superior pull of temporalis muscle is somewhat preferred to the 
posterolateral pull of masseter muscle (see Figure 35-7a and Figure 35-7b ). 



 

Figure 35-9 Static rehabilitation techniques in a patient with right facial paralysis. Preoperative (A) and postoperative (B) views. Patient underwent direct browlift, lateral transorbital canthopexy, alloderm facial sling, and gold weight 
placement. 

 

Figure 35-10 Lip wedge excision and cheiloplasty. A, Outline of incisions for lip wedge excision. Excision tightens the lower lip, and removes part of the denervated muscle. B, Appearance after lip resection. Note the intentional asymmetry 
of vermilion border during closure to evert the lower lip. C, Outline of incisions for cheiloplasty. D, Appearance of cheiloplasty after resection. Note lowering and outward rotation of the lower lip. (Adapted from Glenn MG and Goode RL. 
Otolaryngol Head Neck Surg 97:464–465, 1987.) 
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Chapter 36 - OTOPLASTY

Peter A. Adamson 
Suzanne K. Doud Galli 

INTRODUCTION

Although protruding ears are considered a sign of good fortune by some Asians, in most other cultures, they are associated with feelings of anxiety, social discomfort, and even abnormal behavior.[1] They are frequently a source of teasing or 
social ridicule, especially for young children.

Fortunately, today there are techniques that allow for correction of this deformity with minimal pain and disruption of lifestyle. Achieving success as an otoplasty surgeon requires an appreciation of facial aesthetics, intimate knowledge of 



ear anatomy, a firm understanding of the rationale for the surgical technique employed, and meticulous attention to technical detail ( Figure 36-1 ).

HISTORY

Otoplasty has a long history. The Indian method of auricular reconstruction was described as early as the 7th century, in the writings of Sushruta. [26] Sushruta's writings were some of the earliest on the topic of Ayurveda (Indian medicine), 
and many of modern plastic surgery's roots stem directly from these ancient Indian teachings. In 1597, Tagliacozzi[43] published "De Curtorum Chirugia," which described techniques of auricular and other reconstruction and became known as 
the Italian method. However, in the early 1800s, the Prussian surgeon Johann Friedrich Dieffenbach described the first technique for treating prominent ears. His techniques were published in the treatise "Die Operative Chirugie," an 
extraordinary two-volume work that encompassed all types of reconstructive and general surgical methods.[14] He specified setting back the pinna by suturing the auricular cartilage to the mastoid periosteum once the postauricular skin had 
been excised.

A few years later, Ely described his treatment of protruding ears with an anterior approach involving a fusiform excision of skin and cartilage.[15] Monks redefined this approach and treated children with a skin-only excision in the 
cephaloauricular sulcus and adults with an excision of skin with cartilage.[34] 

In the early 1990s, Morestin[35] devised a method of excising the conchal cartilage at the medial wall to break the "spring" of the cartilage; this served to medialize the antihelix and decrease the projection of the concha. In 1910, Luckett[30] 
reported on his method of reestablishing the antihelix with an excision of cartilage and plication of the edges. In 1937, Davis and Kitlowski[12] reported on their technique, which combined cartilage excision, incision, and shaving; these, in 
addition to postauricular skin removal and sutures through the cartilage, were used to create a new antihelix. Becker[7] sought to avoid unnatural cartilaginous ridging with incisions through the cartilage and reported on his technique in 1949. 
In 1955, Converse[11] created a new antihelix with two parallel incisions along with suturing; he used a wire brush to round off the edges. In 1958, Gibson and Davis[22] reported that making relaxing incisions in the cartilage resulted in a 
bending on the opposite side. Farrior,[18] in 1959, recorded his excision of cartilage wedges to break the cartilage spring before stabilizing the antihelix with a suture. In 1963, Stenstrom[42] reported his findings that scoring the cartilage 
anteriorly facilitated the posterior plication; this method was particularly applicable to strong, stiff cartilage. In 1967, Kaye[29] reported on his technique, which involved anterior scoring and posterior plication with removal of a vertical ellipse 
of the conchal cartilage ( Figure 36-2 ).

Surgery for the treatment of protruding ears has since evolved. More modern techniques center on less invasive therapies and recognize the underlying anatomical defects. This is evident, in particular, with the Mustarde method of 
reestablishing the antihelical relief and the Furnas conchal setback method.
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Figure 36-1 Anatomic landmarks of the normal ear. (Adapted from Adamson PA, Tropper GJ, McGraw BL: Otoplasty. In Krause CJ, Mangat DS, Pastorek N, editors: Aesthetic facial surgery. Philadelphia, 1991, J.B. Lippincott, Figure 40-
1, p 709.) 

 

Figure 36-2 Historical techniques in otoplasty. A, Cartilage incision to recreate antihelical fold. B, Parallel cartilage incisions. C, Mustarde suture technique. D, Conchal cartilage shaving with excision of postauricular soft tissues. (Adapted 
from Adamson PA, Tropper GJ, McGraw BL: Otoplasty. In Krause CJ, Mangat DS, Pastorek N, editors: Aesthetic facial surgery. Philadelphia, 1991, J.B. Lippincott, Figure 40-5, p 721.) 

 

Figure 36-3 Suture techniques in otoplasty. A, Scapha-conchal sutures. B, Effects of fossa triangularis-temporalis fascia and cauda-conchal sutures. C, Concha-mastoid sutures. (Adapted from Adamson PA, Tropper GJ, McGraw BL: 
Otoplasty. In Krause CJ, Mangat DS, Pastorek N, editors: Aesthetic facial surgery. Philadelphia, 1991, J.B. Lippincott, Figure 40-10, p 721.) 



 

Figure 36-4 Scapha-concha sutures. One to three Mustarde sutures are positioned as required. (Adapted from Adamson PA, Tropper GJ, McGraw BL: Otoplasty. In Krause CJ, Mangat DS, Pastorek N, editors: Aesthetic facial surgery, 
Philadelphia, 1991, J.B. Lippincott, Figure 40-13, p 723.) 

 

Figure 36-5 Otoplasty refinement. Wedge resection (stripes), fusiform scaphal excision with block helix resection (dotted), lobe reduction, and helical trimming may be performed as necessary. (Adapted from Adamson PA, Tropper GJ, 
McGraw BL: Otoplasty. In Krause CJ, Mangat DS, Pastorek N, editors: Aesthetic facial surgery. Philadelphia, 1991, J.B. Lippincott, Figure 40-14, p 724.) 

 

Figure 36-6a A, This 10-year-old girl had a minimal soft tissue bowl excision for conchal setback and minimal modified Mustarde sutures to recreate the antihelical fold to set back the superior pole. 



 

Figure 36-6b Results on year later. 

 

Figure 36-7 A, This 15-year-old young man had a moderate soft tissue bowl excision for conchal setback and minimal modified Mustarde sutures to recreate his antihelical fold and superior pole protrusion. B, Results two years later. 
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Chapter 37 - PHYSIOLOGY OF OLFACTION

Donald A. Leopold 
Eric H. Holbrook 

INTRODUCTION

The perception of odors adds a quality to life that is difficult to express. Odors are part of our everyday life, from the pleasures of perfume to the satisfactions of toast and coffee to the warnings of skunks and fire. As the molecules of 
substances are transported through the nose, the possibility of them being perceived occurs. The quality and intensity of that perception depends on the anatomic state of the nasal epithelium and the status of the peripheral and central nervous 
systems.

This chapter explores the physiology of olfaction, noting pertinent research data. The initial discussion focuses on the pathways and obstacles that odorant molecules should negotiate as they come in contact with the olfactory receptor cells. 
A consideration of the neural processing of odorant stimulation and the pathways projecting to the brain gives some insight into the mechanisms underlying olfactory perception. Olfactory testing explores assessment and methods of this 
perception. The chapter ends with a section on clinical olfactory problems in humans and includes suggestions for their diagnosis and management.

The study of olfaction poses many tantalizing questions. For example, like many animal species, do humans communicate through odorant signals (pheromones)? Why are primary olfactory receptor cells able to regenerate entirely when 



other special sensory primary neurons are not? Can olfactory tissue be transplanted in humans as demonstrated in rodents? The study of olfaction has attracted the attention of researchers in the fields of endocrinology, anatomy, biochemistry, 
neurophysiology, and others. Through these efforts, the ability to diagnose and help individuals with chemosensory problems is improving.

ANATOMY OF OLFACTORY STIMULATION

Nasal Passageways

Experiencing an odor is a result of input from the olfactory, trigeminal, glossopharyngeal, and vagus nerves. Apparently, the properties of any given odorant determine the particular "mix" of these various inputs. Olfactory nerve (cranial 
nerve I) stimulation, which is necessary for identification of most odorants, depends on the odorant molecules reaching the olfactory mucosa at the top of the nasal cavity. Although molecules can reach the olfactory cleft by diffusion, 
essentially olfaction requires some type of nasal airflow, usually as part of inhalation (orthonasal flow). While eating, there is a retronasal flow of odorant molecules that stimulate the olfactory receptors at the top of the nose and contribute 
greatly to the flavor of the food.[58] [325] This airflow can be very small, such as that generated by the mouth and pharyngeal motion.[40] [284] [339] Measurements in nasal models have shown this flow to be laminar below the low flow rates associated 
with normal breathing and turbulent in most of the nasal cavity at high flow rates.[125] [140] [155] [331] Additional data from a large-scale model ( Figure 37-1 ) indicate that at physiologic airflow rates, approximately 50% of the total airflow passes 
through the middle meatus, with approximately 35% flowing through the inferior meatus. About 15% flows through the olfactory region.[331] With ink threads in a water flow medium through a model, Masing[252] showed that even the locus of 
entry through the nostril can determine the path of that flow stream through the nose ( Figure 37-2 ).

Mathematical models of the nose, created from digitized computed tomography (CT) anatomy slices and predicted mass transport functions, can predict odor intensity for varying amounts of olfactory epithelium, the character of the carrier 
gas, and the solubility of the odorant molecules.[139] [186] [189] These theoretical results show agreement with human and animal experimental data.

The effect of a rapid change in flow velocity, such as with a sniff, on the in vivo airflow pattern remains unknown. Scherer and others[331] have found in their large-scale model studies that the percentage and velocity of airflow to the olfactory 
region is similar for various steady-state airflow rates in the physiologic
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range. The fact remains, however, that sniffing is an almost universally performed maneuver when a person is presented with an olfactory stimulus. It is possible that its purpose is momentarily to increase the number of olfactory molecules 
in the olfactory cleft by a transient change in the airflow pattern of the nose. A sniff also may allow the trigeminal nerve to alert the central olfactory neurons that an odorant is coming. Sniffing duration, flow velocity, and volume are quite 
different among subjects but remain remarkably constant for any one subject.[211] Furthermore, Laing[212] has shown that different sniffing paradigms do not improve a subject's olfactory perception. The naturally chosen sniff seems to be optimal 
for that subject's nasal anatomy.

For molecules to reach the olfactory area, they must pass through the tall but narrow nasal passageways. The epithelium lining the walls of these passageways is wet, has variable thickness, and is aerodynamically "rough." Schneider and 
Wolf[337] have observed that the best olfactory ability occurs when this epithelium is moderately congested, wet, and red, such as during an upper respiratory infection. Furthermore, olfactory ability seems to improve with narrowed nasal 
chambers,[76] [393] but the changes in nasal patency that occur during the natural rhythmic engorgement and thinning of the nasal epithelium (nasal cycle)[308] do not have any effect on olfactory ability.[79] [93] [232] 

The sorption of molecules to these mucus-lined walls extracts some of them from the air stream and increases their travel time. This process could influence the spectrum of chemicals reaching the olfactory cleft or spread their arrival over 
time. Moncrieff[263] described this phenomenon in the variable times 

 
Figure 37-1 Streamline patterns for resting inspiratory flow (250 mL/sec) through an expanded (20× normal size) scale model of a healthy human adult male nasal cavity (sagittal view). Lines show the paths taken by small dust particles 
entering at the external nares. (From Scherer PW and others: Otolaryngol Clin North Am 22:265, 1989.) 

 

Figure 37-2 Masing's ink flow thread experiments (1967) using water flow through nasal model (inspiration). Central and medial flow threads rise vertically into upper nasal areas, whereas dorsal, ventral, and lateral flow threads are 
refracted spirally and travel mainly through the lower part of the nasal cavity. (Redrawn from Masing H: Arch Klin Exp Ohren Nasen Kehlk 189:371, 1967.) 
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Figure 37-3 Low magnification of the surface of the nasal cavity taken from a transition region. Patches of respiratory (R) epithelium (dark areas) can be seen within the olfactory (O) region (×28). (From Morrison EE, Costanzo RM: J 
Comp Neurol 297:1, 1990. Copyright 1990. Reprinted by permission of Wiley-Liss, a division of John Wiley & Sons.) 

 

Figure 37-4 Low-power three-dimensional scanning view of the olfactory epithelium and lamina propria. The olfactory epithelium (E) overlies a thick connective tissue lamina propria that contains olfactory axon fascicles (Ax) and blood 
vessels (V) (×248). (From Morrison EE, Costanzo RM: J Comp Neurol 297:1, 1990. Copyright 1990. Reprinted by permission of Wiley-Liss, a division of John Wiley & Sons.) 

 

Figure 37-5 Cross-sectional view of the olfactory epithelium showing the columnar supporting cells (S) that extend the full length of the epithelium. An olfactory neuron (O) with its dendrite and basal cell (B) can be seen among supporting 
cells (×1241). (From Morrison EE, Costanzo RM: J Comp Neurol 297:1, 1990. Copyright 1990. Reprinted by permission of Wiley-Liss, a division of John Wiley & Sons.) 



 

Figure 37-6 Low-power magnification of fractured olfactory epithelium illustrating the axonlike processes (arrows) from microvillar cells (M), which extend basally between supporting cells (×3060). (From Morrison EE, Costanzo RM: J 
Comp Neurol 297:1, 1990. Copyright 1990. Reprinted by permission of Wiley-Liss, a division of John Wiley & Sons.) 

 

Figure 37-7 High-power magnification of an olfactory knob with long cilia gradually tapering as they extend over the epithelial surface. At the base of individual cilia, a necklace-like structure (arrow) can be seen on the surface of the 
olfactory knob (×14,220). (From Morrison EE, Costanzo RM: J Comp Neurol 297:1, 1990. Copyright 1990. Reprinted by permission of Wiley-Liss, a division of John Wiley & Sons.) 

 

Figure 37-8 Photograph from the right nasal cavity demonstrating the vomeronasal organ "pit" in the right central part of the image; it is on the anterior septum. Note the inferior turbinate and floor of the nose to the left. 



 

Figure 37-9 Structure of olfactory bulbs and their neural connections to each other, the olfactory mucosa, and the brain. 

 

Figure 37-10 A diagram of the cascade of enzymatic activity transducing the binding of an odorant molecule to a receptor into an electric signal that can be transmitted to the brain. AC, adenylyl cyclase; CNG channel, cyclic nucleotide-
gated channel; PDE, phosphodiesterase; PKA, protein kinase A; ORK, olfactory receptor kinase; RGS, regulator of G proteins (but here acts on the AC); CaBP, calmodulin-binding protein. Arrows indicate stimulatory and inhibitory 
(feedback) pathways. (From Firestein: Nature 413:211, 2001.) 
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the olfactory epithelium of the mouse is roughly divided into four zones. Each zone contains a group of different olfactory receptor subtypes that seem to be confined within the designated zone. These zones are then reproduced by receptor 
projections to the olfactory bulb. What is more amazing is that the axons from each identical olfactory receptor subtype converge and synapse with the mitral cells within only a few glomeruli of each olfactory bulb. Therefore, a specific 
odorant may activate certain olfactory receptor types that then send signals to specific glomeruli, creating a pattern of activity much like other sensory systems in the brain.[106] [108] [262] Individuals with the inability to perceive particular odorants 
(specific anosmia) have been associated with loss of specific genes lending clinical evidence to receptor specificity for odorants.[20] [136] [313] 

The contribution made by the central nervous system toward olfactory coding and discrimination is unclear. It may be that the olfactory code is complete by the time it leaves the olfactory bulb. Alternatively, the code may need to be 
completed by additional central neural processing. Whatever the status of the olfactory code, it is clear that the central nervous system uses olfactory information for many purposes. One such purpose, for instance, is in the area of feeding. 
Glucose-sensitive cells in the lateral hypothalamus of the monkey integrate many chemosensory inputs from both endogenous and exogenous sources, whereas glucose-insensitive cells from the same area distinguish among fewer, more 
specific chemosensory cues to control food acquisition behavior.[178] In another area, the α-2 power on electroencephalogram (EEG) recording is increased after an unpleasant smell (valeric acid) exposure but not a pleasant exposure 



(phenylethyl alcohol).[33] 

Where the central nervous system processes and stores the olfactory information also is unclear. Studies on laterality have suggested that humans have a better side for olfactory ability.[156] [393] Zatorre and Jones-Gotman[394] have suggested that 
the right side is the better one on the basis of their observation of no deficits in olfactory identification ability in patients after left central, parietal, and posterior brain excisions. This is supported by the finding that patients with right parietal 
and frontotemporal lesions have difficulty with the lateralization of odorants. [23] Brand and Jacquot[31] looked at electrodermal activity responses and showed predominance of the right hemisphere in treatment of olfactory information not 
dependent on quality of the odor with no difference with the side of the nostril involved. Alternatively, Leopold and others [232] have correlated olfactory function to nasal anatomy by use of CT scanning. They learned that most people are only 
using their left side when perceiving olfactory information. Handedness may be a determinant of this trend,[200] or the preferred side may be related to learning. The use of PET scanning and functional magnetic resonance imaging (fMRI) have 
been used to look at brain responses to unilaterally and bilaterally presented odors. Many control measures must be instituted with these studies, because most odorants are not purely olfactory, and the introduction of trigeminal stimulation 
adds activation through contralateral inputs. In addition, the act of sniffing alone without an odorant present will cause activation in certain higher brain centers, and the memory of an odorant will activate others. It is not surprising that 
results have been inhomogeneous, but there tends to be more evidence for a right hemisphere dominance for olfactory functioning.[32] [37] 

OLFACTORY COGNITION

Odors are understood largely on the basis of experience, and each individual develops his or her own hedonic code within cultural restraints.[95] [160] [238] Odor associations, once established, are notoriously difficult to erase from memory,[98] [149] [383] 
even though the incident that formed the association is forgotten or seems irrational. In one study, odor memory was shown to last at least 1 year, whereas visual memory lasted only a few months ( Figure 37-11 ). [98] Interestingly, odor 
memory is facilitated by bilateral nasal stimulation, suggesting that people who have one-sided nasal obstruction may form poorer odor memories.[38] An odor aversion can be formed to a perfectly good food by overindulgence. Similarly, 
becoming ill for another reason while eating otherwise innocuous food can have the same effect. [98] This same phenomenon is used effectively in animal training, when lithium chloride, an emetic, is given with food to induce an aversion. For 
many of these reasons, the memory system that exists for odors may be distinct from other memory systems.[17] [38] The exciting molecular advances made in understanding olfactory transduction and coding suggest that learning and memory 
also might be a "hard-wired" system. The adaptive ability to meet specific biologic needs, like those described previously, require that no matter how the system is wired, it needs flexibility.[188] 

Whether newborn human babies discriminate between pleasant and unpleasant odors or whether the sense of smell enters into their enjoyment of food is debatable.[98] They can, however, identify odorants having biologic meaning. Twenty-
two of 30 newborns selected the unwashed (odorous) breast when placed prone between them immediately after birth.[372] Macfarlane[241] has shown that, by the age of 6 to 10 days, infants prefer a pad from their own mother's breast as opposed 
to one from a strange mother. Other

875

 
Figure 37-11 Example of an odorant confusion matrix (OCM) from a 41-year-old man, illustrating the summary statistics and matrix display of the data. The 69% correct is an average across the diagonal. Note the 40% substitution of orange 
when licorice was presented as opposed to the random responses to the orange stimulus (lambda probabilities of .0055 for licorice vs 0.8885 for orange). There is an impressive likelihood (lambda probability = .0001) for vinegar to be 
confused with ammonia. The Vex (blank presentations) indicate that no response bias exists (lambda probability = .7329). AMM, Ammonia; CIN, cinnamon; LIC, licorice; MIN, mint; MOT, moth balls (naphthalene); ORA, orange; ROS, 
rose; R A, rubbing alcohol (isopropyl alcohol); VAN, vanillin; VIN, vinegar; COL TOT, column total; VEX, blank. 

 
 



Box 37-1. TYPES OF MESSAGES CONVEYED BY MAMMALS BY MEANS OF OLFACTION

Age appraisal 
 
Alarm 
 
Attention-seeking 
 
Defense 
 
Distress-signaling 
 
Encouraging approach 
 
Frustration 
 
Gender appraisal 
 
Greeting 
 
Gregariousness 
 
Group membership appraisal 
 
Identification with home range 
 
Individual appraisal 
 
Pain indication 
 
Predator 
 
Prey 
 
Reproductive stage indication 
 
Social status appraisal 
 
Species membership 
 
Gender appraisal 
 
Submission 
 
Territory marking 
 
Trail marking 
 
Warning 
 

 
From Doty RI: Experentia 42:2571, 1986 and Mykytowycz R: The role of skin glands in mammalian communication. 
In Johnston JW Jr. Moulton DG, Turk A, editors: Advances in chemoreception, vol 1, Communication by chemical 
signals, New York, 1970, Appleton-Century-Crofts.

 
 
STIMULATION AND MEASUREMENT OF OLFACTION

For many years, the clinical evaluation of olfactory ability was simply to determine whether the patient could detect any odorant at all. However, just as this type of yes or no testing is no longer acceptable in the evaluation of vision or 
hearing, it also is not acceptable for olfactory evaluation. Careful clinical practice demands quantitative, repeatable tests that can be used to document olfactory ability during the course of medical management or across time. The two aspects 
of olfaction most commonly tested are threshold and identification ability. Of these, identification is most closely related to everyday olfactory functioning.



The measurement of the detection threshold attempts to quantify the most dilute concentration of a particular odorant that an individual can detect. Stuiver[362] estimated that the number of molecules needed to excite a single receptor is at most 
nine, and perhaps as few as one for mercaptans (skunklike odorants). Stuiver further estimated that at least 40 receptors should be excited to reach the threshold level. The general format of this test is to use a series of bottles containing a 
range of concentrations in predetermined steps. Although pyridine and n-butyl alcohol (1-butanol) are two of the most widely used test chemicals because of their water solubility, easy identifiability, and history of successful use, phenylethyl 
alcohol, which has a roselike smell, may be a better choice, because it has less trigeminal reactivity.[83] The odorants are presented from lowest to highest concentration until the subject correctly identifies four odorants at a given 
concentration. This order of presentation avoids the adaptation (i.e., the loss of sensitivity from mere stimulation) that might occur if strong concentrations were to be used first.[43] In the test situation, the subject is presented with two bottles, 
one containing the odorant and the other a blank. The subject is asked to choose the bottle that contains the odorant (two-alternative, forced-choice procedure).[62] [236] Discretion should be used, however, in the interpretation of olfactory 
detection threshold scores, because the test-retest reliability of this test has been reported to be low.[150] [311] 

Identification tests allow the subject to smell a number of odorants and name them correctly. The test is a suprathreshold test; that is, the stimuli are presented at a concentration above threshold that the subject considers normal for that 
odorant. In addition, identification tests presume normal cognitive ability. Without this ability, a low olfactory test score may be due to poor testing in someone with normal olfactory ability. Several versions of this test are available and 
commonly used. Cain and others[49] have developed an identification test that is administered along with a threshold test. In this test, eight common household items (e.g., baby powder, coffee, Ivory soap, and so forth) are presented to the 
subject in screw-top jars. The subject is graded on how many of the odorants he can identify correctly.

Doty and others[81] [85] have developed a method of testing identification ability using scratch-and-sniff booklets containing 40 microencapsulated odorants. This commercially available test is self-administered
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and can either be mailed to test subjects or used during the examination. Material accompanying the booklets allows percentile score ranking of test results by age and gender, which are known determinants of olfactory ability (see factors 
affecting olfactory testing). Because the subject is asked to choose the correct answer from a list of four possible answers, a chance performance would be 25% correct. Obviously, anyone scoring much less than this should be considered for 
malingering. The portability of the booklets, the freshness of the stimulus, and the fun of doing the test contribute to its popularity.

A simple olfactory screening test has been described that is available to all clinicians and is based on the ability to detect the odor of an opened alcohol pad. With the patient's eyes closed, the open pad is slowly brought closer to the nose. 
The patient notifies the test giver when an odor is detected, and the measured distance between the alcohol pad and the nose correlates with the degree of olfactory impairment.[65] The test has been able to differentiate patients who are 
hyposmic vs anosmic and can be modified for unilateral testing.

In other parts of the world olfactory testing also is being performed, sometimes with one of the tests noted previously and sometimes with locally designed tests. In Japan, the standard test is the T and T olfactometer, which is a rack 
containing eight concentrations of five different odorants. From this test, both detection and recognition thresholds can be determined, and they are charted on a graph similar to an audiogram.[366] In Germany, an odorant identification forced-
choice test that uses odorant-impregnated felt-tip pens has been developed (Sniffin' Sticks, Erlangen, Germany). It has the advantage of a long shelf-life, the ability to be reused, and short test administration times. [384] 

It is well known that odorants reach the nasal olfactory receptors from the front through the nostrils (orthonasal stimulation) and from the back through the posterior choanae (retronasal stimulation). Pierce and Halpern,[305] using small film 
canister lids containing odorants that were placed on subjects' tongues, were able to test these two stimulation pathways separately and show that they are independent. Heilmann and others[144] have developed a clinical testing kit to assess 
retronasal olfactory function with oral stimulus presentation. With this new knowledge, a clinical test of human olfaction will need to ensure whether it is testing orthonasal olfaction, retronasal olfaction, or both.

Doty and others[74] reviewed nine different olfactory tests, including tests of odor identification, discrimination, detection, memory, and suprathreshold intensity and pleasantness perception.[74] By use of a principal components analysis, they 
were able to determine that most of these tests measure a common source of variance. This is borne out in clinical practice, where it is rare to find a major discrepancy between olfactory tests.

For all these olfactory tests, especially those measuring threshold, control of stimulus concentration is obviously important. In general, the two main techniques to control or vary odorant concentration are: (1) dilution of the liquid-phase 
odorant in varying amounts of solvent; and (2) dilution of the vaporphase odorant with air. Racks of sniff bottles can be designed with a gradient of concentrations. Although they are conveniently portable, the liquids can become 
contaminated by oxidation, or the odorant concentration can be changed by oxidation or evaporation. [141] Therefore, the solutions must be changed frequently when open-bottle tests are used. More precise control over the stimulus intensity 
has been achieved with a variety of olfactometers. By mixing pure air and odorized air streams, the odorant concentrations reaching the nose can be precisely controlled. Although these olfactometers are quite accurate in the control of the 
stimulus, their cost and size have restricted their use to research laboratories. Another variable in olfactory testing is the presentation of the odorant to the olfactory receptors. Although most techniques use the normal sniffing generated by the 
subject, some testing is done by puffing or blasting the odorant into the nose. These techniques should be avoided, because the subject can confuse the somesthetic sensations of the blast with the odorant stimulus.[24] [174] Normal sniffing is by 
far the easiest and most practical method, and according to Laing,[212] provides optimal perception. Moreover, he has found that the first sniff provides the most significant information and that subsequent sniffs are simply confirmatory. 
Optimal sniff durations of 0.39 to 0.64 seconds have been noted for cranial nerve I type odorants such as phenylethyl alcohol (rose) and propionic acid, whereas butanol, which has more trigeminal or throat sensation, requires a sniff lasting 
1.63 seconds.[213] It also has been shown that although there are wide differences among individuals in sniffing technique, they consistently maintain a unique sniff pattern.[211] For these reasons most clinical olfactory testing is done with a 
natural sniffing technique.

In an attempt to circumvent the problems of the air stream-delivered stimulus, the Japanese have included intravenous smell testing into their olfactory evaluation.[110] In this test, the subject is asked to perceive the mercaptan (garlic) smell of 
injected alinamin, a thiol-type derivative of vitamin B1 . The time between the injection and the recognition of the smell is designated as the latent time, and the time between the
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recognition and the disappearance of the smell is the duration time. They report that the latent time is influenced by olfactory acuity and that the duration time depends on adaptation to the odorant. Central olfactory disorders are suspected in 
patients with decreased duration times, and nonresponders to this test are said to have a poor prognosis of olfactory recovery. Although it is tantalizing to speculate that this intravenous test directly stimulates the olfactory receptor cells 
through the bloodstream, studies by Okabe[293] indicate that the mechanism of this test is by the discharge of alinamin's metabolic by-products from the bloodstream into the pulmonary alveoli, from where it reaches the olfactory receptors 
through the nasopharynx through the exhaled air stream.

A problem often encountered in testing olfactory sensitivity is that many patients confuse the loss of the sense of smell with the loss of the sense of taste. Westerman[380] has developed a simple test for such an evaluation, whereby the odorant 



is placed on the tongue and the subject is asked to describe the flavor of the material. This test also may be used to identify malingerers, because few individuals know that flavor is largely mediated through the sense of olfaction. When 
asked, therefore, to identify the taste of the coffee placed on the tongue, the blindfolded olfactory malingerer, who should report a bitter taste, will identify its taste as coffee, but will disclaim any ability to identify the coffee odor when it is 
held in front of the nose. Further development of these taste-odor tests by Laing and his colleagues in Australia show that humans have a limited capacity to identify the components of taste-odor mixtures.[216] 

Electrophysiologic testing of olfactory ability in humans has been developed and is available in laboratories in the United States, Germany, and Japan. Accurate delivery of the odorant molecules to the nose in warmed and humidified air is 
mandatory in all of these objective studies.[180] [196] The most peripheral of these tests, the electro-olfactogram (EOG), is obtained by placing an electrode directly on the olfactory epithelium. [230] When an odorant stimulates the receptor cells, a 
slow negative shift in voltage is seen. This has been shown in multiple animals, including humans, and is thought to represent a summation of the many generator potentials from single-receptor cells.[116] [294] [295] [352] Although the olfactory 
epithelium is relatively inaccessible in the human, some researchers, including Furukawa and others,[112] have succeeded in recording these EOG potentials and have shown decreased potentials in hyposmics that are commensurate with their 
loss. As these researchers have said, the EOG provides the only objective method presently available for the differential diagnosis of anosmia caused by disorders of the olfactory epithelium vs the central olfactory tract.

A second objective testing method, used with success in other sensory systems such as hearing and vision, is measurement of brain-evoked potentials. In this test, the summated percutaneous brain electrical activity is averaged after multiple 
timed exposures to an odorant. Using this test in their research center, Kobal and Hummel[195] have succeeded in determining when the olfactory stimulation arrives at the receptors and have shown differences between pure olfactory and 
trigeminal stimulation. Maximal amplitudes of potentials evoked by substances that partly or exclusively excite the trigeminal nerve (high concentrations of carbon dioxide, menthol, acetaldehyde) were found at the vertex and are defined as 
chemosomatosensory-evoked potentials. Substances that exclusively, or to a great extent, excite the olfactory nerve (hydrogen sulfide, vanillin) caused maximal responses in the parietal area and are defined as olfactory-evoked potentials. 
This would correlate best with subjective testing of odor perception. Another type of induced brain wave activity is the endogenous component, called the contingent negative variation (CNV).[376] They are called endogenous because their 
presence depends on subjective response strategies rather than stimulus characteristics. It would correlate best with subjective testing of odor discrimination. When the olfactory-evoked potentials and CNV are measured simultaneously, 
objective assessments of clinical status can be made.[19] [254] When both are absent, anosmia is present. When just CNV is present, there likely is an olfactory distortion. Finally, in hyposmia, when the odorant presented is just above the 
discrimination threshold, the amplitude of the CNV is enhanced, and the olfactory-evoked potential is undetectable. This technique is clearly a useful clinical tool, although it is not generally available.

Much work has been done, mostly in the setting of research, looking at blood oxygen level-dependent signals in the brain through the use of PET and fMRI. Currently, their clinical use in olfactory disorders is not practical; however, they 
have significantly contributed to the understanding of odorant processing. These modalities are based on the regional cerebral blood flow differences in the brain between presentation of a stimulus and baseline levels. PET is limited in the 
fact that a radioactive substance is needed. Spatial resolution is 3 to 6 mm, but distinction between two areas of activation is limited to 10 to 12 mm. In addition, PET collects data over a 60-second period and may miss short signals. fMRI, 
on the other hand, does not involve radiation, and subjects can be scanned multiple times. Temporal resolution is also better than PET; however, limitations caused by surrounding
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areas of bone and air can reduce signals in certain regions. Collectively, these modalities have increased our understanding of where olfactory processing occurs. It seems to be closely associated with activation of the trigeminal and limbic 
system even in the simplest processing of passive perception of odors, which explains the immediate recall of emotions related to a source of smell. With increasing complexity of olfactory processing tasks, areas outside those used for 
passive perception (amygdala, piriform cortex, orbitofrontal cortex, and thalamus) are recruited with each combined set of regions specific for the task at hand.[327] 

FACTORS AFFECTING OLFACTORY TESTING

Age

The testing of olfactory ability in children presents special problems. Richman and others,[317] [318] using an identification test designed for adults, found no consistent results in testing children younger than 10 years, but by the age of 14 years, 
the children's performance was equal to that of adults. By the use of pictures to represent the odorants instead of words, reliable results could be obtained from children as young as age 6 (Richman RA: Personal communication, 1991). The 
children who had cleft lip with cleft palate (CLP) generally did more poorly than did normal children of the same age. Boys in the CLP group were especially poor at olfactory identification. This suggests that there may be a gender bias in 
olfactory development or ability of children with CLP disorders. With an abbreviated odorant identification task, Richman and others[315] have successfully tested olfactory function in children starting at age 8 years.

The other popular method for testing olfactory ability in adults, the detection threshold method, has been used in 5- to 15-year-old children with a forced-choice, single-staircase method,[123] but the clinical relevance of this, especially in 
children, is unclear. Engen[98] found it very difficult to test a hedonic preference in children younger than 4 years of age. They answered "yes" to his query regardless of whether the question was phrased positively or negatively (i.e., both "Do 
you like it?" and "Do you dislike it?," yielded affirmative answers). Studies that used happy and sad faces or puppets have yielded more consistent results.[335] [361] 

By use of a technique not often used in testing adults, Richman and others[316] have developed a match-to-sample odorant discrimination task that has been useful in testing children as young as age 5 years. To date, this seems the most reliable 
way to test young children.

Testing older adults is generally only a problem if there has been a major loss of olfactory function or if the patient has dementia. For individuals with poor olfactory ability, the testing can be boring, disheartening, and frustrating, all of 
which can lead to inadequate measurement of real olfactory ability. In testing olfactory ability in the demented individual, the tests used in children have been useful. Obviously, if someone is severely demented, any type of interactive testing 
will be futile.

Instruction

Dual thresholds exist in olfaction, one for recognition and another for identification.[366] Engen[96] showed this dual threshold by asking subjects to either detect which one of four test tubes smelled different or to identify the one test tube of the 
four that contained a specific odorant. The first set of instructions consistently yielded lower absolute thresholds. The fact that two thresholds seem to be acting in olfaction could indicate the presence of different receptor types, similar to the 
rods and cones of the retina; on the other hand, it could also mean that a certain level of summation of peripheral events is necessary at a central locus before positive identification can be made. [280] 

Satiety

Because eating is so intimately associated with aromas, one might expect the prandial state of an individual to affect the sense of smell. The testing of olfactory ability in this situation can be influenced by the pleasantness of the odor. One 
must be careful to focus the subject on either the detection task or the hedonic judgment, because one may affect the other.[98] Cabanac[41] has shown that hunger affects judgments of pleasantness with food odorants but not psychophysical 



assessments of intensity. In general, a food odor is pleasant when one is hungry and less pleasant after one has overindulged in the food. By contrast, nonfood odorants, such as laboratory chemicals, generally do not show shifts in preference 
judgment.[199] [275] 

Gender

In humans, test results averaged over many chemicals have consistently shown that women have a better olfactory ability than men, both in threshold and in identification tasks.[374] For specific odorants, however, there may be no difference.[198] 
In addition, the menstrual cycle influences their olfaction threshold level, being best at ovulation and poorest during menstruation.[75] [84] [336] The reasons for this are not simply hormonal variations, because Doty and others[84] have shown 
olfactory cycling even in women taking oral contraceptives, whose hormone levels did not vary. In animals, a clear relation exists between olfaction and sexual functioning.
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Pregnancy in mice can be blocked by the odor of a strange male.[39] 

Adaptation and Habituation

The perception of a strong odor noticeable on entering a barn will disappear after a period of time. This adaptation response in humans, as measured by Stuiver,[362] generally occurred within 1 to 5 minutes for the chemicals studied. Data 
suggest that adaptation occurs both at the receptor-cell level[21] [295] and more centrally.[22] [203] [362] Central adaptation is supported by the finding that, in humans, continued stimulation through one nostril leads to adaptation in both nostrils.[362] 

Olfactory cross-adaptation is the ability of one chemical to decrease the subject's responsiveness and sensitivity to another chemical. It has been proposed that the greater the cross-adapting effect on one odorant by another, the more likely 
they are to share common sensory channels.[57] [222] [264] [304] [306] The manner and degree to which the odorants cause the receptors to adapt may not result from a simple mechanism, because even if two different odorants are matched in subjective 
intensity, their cross-adapting effects may be asymmetric.[292] [306] For example, pentanol seems to have a strong cross-adapting effect on propanol, whereas propanol has only a small cross-adapting effect on pentanol.[44] 

Odor Mixtures

Perfumers and chefs are involved in the mixing of odorants, and much of what is known in this area is in the realm of art rather than science. When two or more odorants are mixed, several sensory events may be reported.[280] First, the 
odorants may be discerned as being distinct. Second, an entirely new odor may develop that resembles the components but does not smell exactly like either of them. Third, one odor may mask the other. A fourth possibility, neutralization, 
would result if no odor were perceived, but the existence of this last phenomenon is controversial. Laing and others[214] [215] have investigated the effect of odorant intensity and perceived quality when testing with mixtures. They found that the 
odorant with the highest intensity always predominated or was the only component perceived. Both odorants were perceived, however, when the intensities of both components were approximately equal. They also identified "fast" and 
"slow" odorants that are processed temporally, the fast odorants usually suppressing the slow ones.

CLINICAL OLFACTORY PROBLEMS

Decreased and Distorted Olfactory Ability

Life for the person with anosmia has a very "flat" quality to it. Patients say that they select food by texture, color, and custom. Some state, for example, that they must identify sour milk by its lumpy character. Others do not use perfumes for 
fear of overapplication. Many express concern regarding fire and noxious or dangerous gases, and, in fact, most anosmic patients have been involved in at least one accident stemming from this problem. Smoke alarms are an absolute 
necessity for these people.

In contrast to this lack of sensory input, there are individuals who have a distorted perception of odorants or the constant perception of an odor (usually foul in character). These people are miserable and will spend a great deal of time and 
money trying to rid themselves of their problem, often without success. As might be expected, some of these people whose sense of smell is dysfunctional will have dietary problems such as malnutrition, obesity, and anorexia, because their 
food often has the same foul odor.[257] [334] 

Human Olfactory Dysfunctions

The report of the Panel on the Communicative Disorders to the National Advisory Neurological and Communicative Disorders and Stroke Council estimates that approximately 2 million American adults have disorders of taste and smell. 
The literature lists more than 200 conditions that have been associated with changes in chemosensory ability.[76] [100] [333] [334] [345] By the use of careful histories, physical examinations, chemosensory testing, and imaging studies, several 
chemosensory centers have categorized most patients with olfactory losses into etiologic categories ( Table 37-1 ). The following sections will describe the etiologic categories in detail. Those rare patients who have a distortion of their sense 
of smell (parosmia or phantosmia) with no change in intensity are not included in the classification.

Obstructive Nasal and Sinus Disease

Total nasal obstruction, such as caused by nasal polyps ( Figure 37-12 ), extreme mucosal swelling ( Figure 37-13 ), or simply finger occlusion of the nostrils will produce anosmia. When the obstruction is released, olfactory ability should 
return ( Figure 37-14 ), although the minimal nasal opening at which this occurs is not known. The location of this opening, or the area through which air flows to get to the olfactory cleft, is thought to be medial and anterior to the lower part 
of the middle turbinate.[224] [227] This area may function as a regulator of airflow to the olfactory cleft, and changes in its anatomy clearly affect olfactory ability. Consequently, obstruction at this area or above it by swollen mucosa, polyps, 
tumors, or nasal bony deformities can decrease or eliminate olfactory ability.[18] [25] [309] This sometimes occurs even when the lower nasal cavity seems normal. It has been known
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TABLE 37-1 -- SPECTRUM OF OLFACTORY LOSS AT FOUR CHEMOSENSORY CENTERS



Etiologic Category
Goodspeed and Others[130] (1987) 
(441 Patients)

Davidson and Others[66] (1987) (63 
Patients)

Leopold and Others[227] (198 
Patients)

Heywood and Others[150] (1990) (133 
Patients)

Obstructive nasal and sinus disease, % 30 33 29 20

Post-upper respiratory infection, % 19 32 15 17

Head trauma, % •9 10 19 32

Aging, % •0 •0 •8 •6

Congenital, % •0 •5 •8 •0

Toxins, % •1 11 •3 •0

Miscellaneous, % 14 10 •8 16

Idiopathic, % 26 •0 10 10
 
 
Figure 37-12 The lower left nostril with a large polyp between the inferior turbinate and the septum. 

 

Figure 37-13 The lower left nostril with a narrowed airway caused by mucosal edema. 

 

Figure 37-14 The same patient as in Figure 37-12 after polyp removal. 

 

Figure 37-15 Relationship between the University of Pennsylvania Smell Identification Test scores, age, and gender in a large heterogeneous group of subjects. (From Doty and others: Physiol Behav 32:489, 1984.) 



 

TABLE 37-2 -- DRUGS AFFECTING TASTE AND SMELL

Classification Drug

Amebicides and anthelmintics Metronidazole; niridazole

Anesthetics, local Benzocaine, procaine hydrochloride (Novocain), and others; cocaine hydrochloride; tetracaine hydrochloride

Anticholesteremics Clofibrate

Anticoagulants Phenindione

Antihistamines Chlorpheniramine malcate

Antimicrobial agents Amphotericin B; ampicillin; cefamandole; griseofulvin; ethambutol hydrochloride; lincomycin; sulfasalazine; streptomycin; tetracyclines; 
tyrothricin

Antiproliferative, including immunosuppressive agents Doxorubicin and methotrexate; azathioprine; carmustine; vincristine sulfate

Antirheumatic, analgesic-antipyretic, antiinflammatory agents Allopurinol; colchicine; gold; levamisole; D-penicillamine; phenylbutazone; 5-thiopyridoxine

Antiseptics Hexetidine

Antithyroid agents Carbimazole; methimazole; methylthiouracil; propylthiouracil; thiouracil

Agents for dental hygiene Sodium lauryl sulfate (toothpaste)

Diuretics and antihypertensive agents Captopril; diazoxide; ethacrynic acid

Hypoglycemic drugs Glipizide; phenformin and derivatives

Muscle relaxants and drugs for treatment of Parkinson's disease Baclofen; chlormezanone; levodopa

Opiates Codeine; hydromorphone hydrochloride; morphine

Psychopharmacologic, including antiepileptic drugs Carbamazepine; lithium carbonate; phenytoin; psilocybin; trifluoperazine

Sympathomimetic drugs Amphetamines; phenmetrazine theoclate and fenbutrazate hydrochloride (combined)

Vasodilators Oxyfedrine; barrifylline; hydrochloride

Others Germine monoacetate; idoxuridine; iron sorbitex; vitamin D; industrial chemicals, including insecticides

Reprinted with permission from Schiffman SS: Taste and smell in disease. II, N Engl J Med 308:1275, 1983.
 
20% of them complained of the loss of the sense of smell from 6 to 18 months after surgery; 95% of these were temporary. No olfactory testing was used in his study. Goldwyn and Shore[128] tested 97 patients before and after nasal surgery and 
found three patients with decreased postoperative olfactory ability. In contrast, Kimmelman[190] tested 93 patients before and after a range of nasal and sinus surgeries and found that 34% had decreased olfactory ability. These losses could be 
caused by neural damage at the time of the surgery or the narrowing of the nasal airways by anatomic changes or scar tissue.[319] Fortunately, the advances in endoscopic sinus surgery have allowed more accurate surgery and less olfactory 
damage.[169] 

Patients who undergo a total laryngectomy have inspired air rerouted away from the nasal cavity. These patients complain of decreased olfactory ability, [312] but some can perceive odors when the stimulus is under their noses.[124] Mozell and 
others[283] [284] and Schwartz and others[339] have shown that olfactory ability can be restored to patients after laryngectomy by shunting respired air again through their noses, which indicates that the olfactory receptors were intact and functional 
even after many years.

Much of the cranial and skull base surgery in the region of the olfactory bulbs has been associated with a total and permanent loss of olfactory ability. However, techniques have been developed for preservation of the olfactory tract.[324] [358] [369] 



Idiopathic

After an extensive workup including many tests, some patients still have no obvious reason for their olfactory dysfunction. They are usually young or middle-aged adults in otherwise good health. Some olfactory biopsy specimens from 
patients in this category have
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shown the presence of olfactory epithelium, but the changes observed are not characteristic enough to be diagnostic.[388] [392] 

Diagnostic Assessment

The most important thing the physician can offer the patient with an olfactory dysfunction is an accurate diagnosis and concern for his or her plight. In obtaining the medical history, it is important to have the patient estimate the degree of 
olfactory loss and the time over which the loss occurred (e.g., days, weeks, or months). Events that occurred around the time of the loss, such as trauma or URI, also need to be determined. A thorough review of systems and general medical 
health will help to rule out side effects of medications and problems caused by diseases such as hypothyroidism. By carefully assessing the patient's problem, a seemingly unrelated entity such as a metabolic disease can be diagnosed in a 
patient previously thought to have psychological problems.[228] The physical examination should include special attention to the nose, mouth, and the neurologic system. Nasal endoscopy has been particularly useful in assessing the nasal 
airways in the region just below the olfactory cleft. Mandatory tests for the workup of patients with chemosensory complaints include testing of their gustatory and olfactory ability.[50] [356] In general, identification tests (like the Smell 
Identification Test, Sensonics, Inc., Haddonfield, NJ) have been more useful than threshold tests in the clinical situation.[50] Bilateral and uninasal olfactory testing has been useful in detecting both nasal and cranial tumors and unsuspected 
neural losses.[111] If the patient's medical situation warrants blood testing (such as for thyroid hormone levels), it should be performed, but routine tests have not been useful.[130] Rhinomanometry can be useful in assessing the general status of 
the nose; however, if the upper nasal airways are patent, any small nasal airflow will allow olfaction to occur.

If an anatomic deformity or obstruction is suspected, if there is any history of nasal or sinus disease, or if the diagnosis is not perfectly clear, a CT scan of the nasal and sinus cavities should be performed in the coronal plane. Magnetic 
resonance imaging (MRI) of this region is not able to permit visualization of the fine bony detail of the upper nasal cavity, but it can be useful for soft tissues, sometimes including the olfactory sulci.[194] [237] [365] Plain radiographs of this region 
are too imprecise to be of any help in the workup. Another advantage of the coronal CT scan is that it helps to rule out tumors or deformities in the anterior cranial fossa. In a few centers around the country, olfactory biopsies are being 
performed to assess the status of the olfactory epithelium. These biopsy studies require a great deal of time and expertise and are still considered research studies.[167] [168] [218] [388] [392] 

Management

The major olfactory dysfunction for which treatment has been useful is that caused by nasal disease ( Figure 37-16 ). As previously described, the problem is obstruction of airflow to the olfactory cleft. Management aimed at opening the air 
passageways while preserving the olfactory epithelium will improve olfactory ability. Medical therapy, including intranasal steroids, antibiotics, and allergic therapy, is the mainstay of management. [151] Oral steroids have been particularly 
useful in shrinking thickened nasal mucosa; however, the side effects of this therapy need to be weighed against its potential benefits.[345] Patients who are resistant to medical therapy or those who have tumors often can benefit from surgical 
therapy. Tumors are managed according to usual oncologic principles. Often the nasal disease is associated with (or perhaps caused by) adjacent ethmoid sinus disease. Functional ethmoidectomy, often conducted with the use of an 
endoscope, can improve the health of these sinuses and, in turn, allow the olfactory cleft to open.[94] [164] [261] [291] [389] Even those patients who have had surgery may need long-term medical management to control the disease and prevent recurrence.

For patients who have been placed in any of the other diagnostic categories, there is no proven therapy. In general, the problem with these patients is either a total lack of olfactory receptors (e.g., congenital) or olfactory receptors that do not 
seem to be functioning normally (e.g., trauma). Multiple management strategies have been proposed, often using vitamins or minerals. Vitamin A was thought to be an effective management strategy because (1) it is necessary for the repair 
of epithelium; (2) white rats apparently become anosmic on a diet deficient in vitamin A[223] ; and (3) assays done on mammalian olfactory epithelium showed considerable amounts of vitamin A.[92] In an uncontrolled study, Duncan and Briggs
[92] used vitamin A successfully to restore at least partial olfactory ability in 50 of 56 of their subjects. Unfortunately, other observers have been unable to reproduce their success.[145] [232] B vitamins have also been tried for the management of 
anosmia, once again without success.[92] [259] 

Mackay-Sim and Dreosti[242] have shown that zinc-deficient adult mice failed to show a food odor preference. This supports the administration of oral zinc by Henkin and others[148] as a management option for losses of taste and smell associated 
with a zinc deficiency. It is known that severe zinc deficiency is rare and difficult to substantiate.[184] Nevertheless, occasional reports of patients who have improved on zinc
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Figure 37-16 Algorithm of how to manage patients. 
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Chapter 38 - EVALUATION OF NASAL BREATHING FUNCTION WITH OBJECTIVE AIRWAY TESTING
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NASAL BREATHING FUNCTION

The sensation of unrestricted nasal breathing is a complex phenomenon, and it may be influenced by several factors. There is a correlation between the amount of airflow and the symptom of nasal obstruction. Stimulation of cold receptors in 
the nasal vestibule and nerve endings in the nasal vestibular skin and the nasal mucosa also play a role in the perception of nasal breathing. In addition, the condition of the lining tissue in a dry atrophic nose can cause a sensation of disturbed 
nasal breathing.

Various objective tests can be used to assess the nasal airway to aid the clinician in understanding nasal breathing function. Most objective assessments of the nose measure a parameter that is directly or indirectly related to airflow. Many 
physiologic factors and pathologic conditions can affect the amount of airflow through the nose. The nasal pathologic conditions include mucosal hyperreactivity, septal or other structural deformities, polyps, tumors, granulations, and 
synechiae.



ASSESSMENT OF NASAL BREATHING FUNCTION

Patient History

The first way to assess nasal breathing function is by taking a patient history, for which a questionnaire is sometimes used.[132] The patient is asked specifically about the symptom of nasal obstruction. If it is present, the side of obstruction, 
severity, frequency, duration, and exacerbating factors are all recorded. Several methods have been used for recording the severity of symptoms.[1] [110] [135] The authors use the following scale: none, mild, moderate, or severe. Sipila and others[188] 
used four categories for severity of symptoms, including "very patent" for the sensation that the airway was more open than normal. All of these descriptions are the patient's subjective evaluation of nasal breathing function.

Nasal Examination

The next way to evaluate nasal breathing is by examining the nose. Methods of recording rhinoscopic findings can be detailed.[84] These methods include an assessment by the physician of the appearance of the intranasal anatomy, the cross-
sectional area, and the condition of the lining tissues of the nose. These are the examiner's subjective assessments of anatomic factors that might affect the patient's nasal breathing.

Objective Testing of the Nasal Airway

The objective measurement of the physical parameters affecting nasal breathing is the focus of the rest of this chapter. Objective assessment can measure the intranasal anatomy, including the cross-sectional area and volume. Testing also can 
measure properties of the airstream through the nose, including intranasal pressure and airflow and volume of air in each breath. Other tests have measured the blood flow in nasal mucosa and the amount of nasal sound transmitted by the 
airway.

Assessment of Intranasal Anatomy

The cross-sectional area of the nose can be assessed by computed tomography (CT), magnetic resonance imaging (MRI), fiberoptic rhinoscopy,[211] rhinostereometry, and acoustic rhinometry. Rhinostereometry involves the use of a 
microscope to assess changes in nasal congestion.[111] Rhinostereometry has been shown to be useful for the detection of the nasal cycle; however, good correlation of results with those of acoustic rhinometry was not observed when the two
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were directly compared with each other.[139] Acoustic rhinometry gives a profile of the cross-sectional areas through the nose and the volume of the nasal cavity. Investigators[94] [138] have found a correlation between cross-sectional area as 
measured by CT scanning and by acoustic rhinometry. In addition, MRI has been correlated with cross-sectional area as measured by acoustic rhinometry in the decongested nose.[50] Hilberg and others[94] also found a correlation between 
volume measured by acoustic rhinometry and that measured by using a water displacement method. The application of acoustic rhinometry will be described further in subsequent sections of this chapter.

Assessment of Properties of the Airstream Through the Nose

Nasal airflow and transnasal pressure.

Airflow through the nose occurs if there is a difference in pressure across the nasal airway, with the airflow occurring from the area of higher pressure to the area of lower pressure. Although the pressure outside of the nose is relatively 
constant, the pressure in the nasopharynx changes with respiratory movement of the chest. This change creates a pressure differential (the transnasal pressure) across the nose, and air moves back and forth through the nose with the phases of 
respiration.

Physical factors affecting nasal airflow.

The airflow through the nose depends on the length and cross-sectional area of the nasal airway, the pressure gradient across the nose, and the character of the airflow (laminar versus turbulent). The cross-sectional area of the nose is a major 
factor in the determination of airflow, with airflow increasing as the cross-sectional area increases. The cross-sectional area varies along the length of the nose. The effect of turbulence in the nasal airway has not been precisely quantified. 
Laminar flow occurs in a smooth-walled, straight tube at low flow rates, but turbulence occurs when irregularities are encountered in the tube, as would happen in the nose. Turbulent flow requires more energy but results in better mixing of 
the air, thereby enhancing the humidification function of the nose.

Measurement of nasal airflow: Simple tests.

Several simple office maneuvers can be used to assess nasal airflow. At the turn of the century, methods used included breathing on a mirror or glass plate (rhinohygrometry), assessing the sound of a forced expiration through the nose, and 
evaluating the pitch of the sound made by a patient humming while first one and then the other side of the nose was occluded.[69] [94] The mark made by warm airflow in rhinohygrometry has been quantitated.[72] Fisher and others[65] thought that 
acoustic rhinometry was superior to rhinohygrometry when studying the nasal cycle in children.

Another simple test is to occlude each side of the patient's nose and ask him or her to compare the nasal breathing through the two sides. To assess the effect of the nasal valve, the patient's cheek can be drawn back (like a positive Cottle sign)
[92] to see whether a significant decrease in obstruction occurs. Alternatively, the patient can be asked if there is any improvement in breathing when the valve area is held open with a nasal speculum or with one of the commercially available 
adhesive plastic strips. These tests are easy to perform and are noninvasive; however, except for rhinohygrometry, they require subjective appraisal by the patient or clinician and thus are not easy to quantify accurately.

Measurement of peak nasal airflow.

The readily available peak expiratory flow meter has been used to assess the nasal airway, and results have correlated with nasal resistance,[194] although others have stated that the method is unreliable and have recommended against its use.[47] 
A nasal peak inspiratory flow meter has been studied.[123] When studying children, Prescott and Prescott[166] found that peak nasal inspiratory flow measurement had the drawback of depending on the degree of cooperation of the child and on 
the subjective impression of the observer as to when a maximal effort had been made. Measurement of peak inspiratory flow was less sensitive than rhinomanometry for detecting changes in nasal patency after histamine challenge[27] and with 
increasing doses of xylometazoline.[31] More recently, the portable nasal spirometer has been shown to correlate well with rhinomanometry for the detection of the nasal cycle.[83] 

Simultaneous measurement of transnasal pressure and airflow: rhinomanometry.



One of the most commonly used methods of objectively assessing the nasal airway is the simultaneous recording of the transnasal pressure and airflow; rhinorheomanometry, rhinomanometry, rhinometry, and rhinomanography are names 
that have been applied to these measurements. The International Standards Committee for the Objective Assessment of the Nasal Airway has chosen the name rhinomanometry. [33] This technique of recording pressure and flow simultaneously 
over a given time interval allows for study of the relationships between pressure, airflow, and time to give an objective assessment of the passage of air through the nose. By recording pressure and flow over a given time period, mean 
pressure and volume of each breath can be measured. From these measurements, other parameters can be calculated that represent the relationship of these factors with each other at a single
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moment or during a specific time interval. An important example of the relationship of pressure and flow at a single moment is resistance, which is the ratio of pressure to flow, sometimes abbreviated as NAR or Rn. An example of the 
relationship of pressure and flow over time would be work, which is mean pressure times flow. The application of rhinomanometry will be described further in subsequent sections of this chapter.

Other Methods of Objective Assessment

Investigators have studied mucosal blood flow in the nose using laser Doppler velocimetry.[4] Manometric rhinometry [164] is a technique in which the volume of air in the nose is assessed by closing off the nose, removing a volume of air, and 
then recording the resultant pressure change. In forced oscillation rhinomanometry,[70] [71] [184] the oscillation of a loud speaker provides a complex signal of sinusoidal sound waves that is coupled with the patient through a small mask and 
pneumotachometer. Nasometry measures the oral and nasal acoustic ratio across a specified frequency range. Parker and others [159] thought that this test could be performed more easily than rhinomanometry, particularly in children, because it 
did not require a mask or pressure cannula.

Comparison of Rhinomanometry and Acoustic Rhinometry

Rhinomanometry and acoustic rhinometry are the most commonly used objective measurements of the nasal airway. With the current availability of microprocessor-assisted devices, equipment capable of rapid and sophisticated airway 
assessment has become readily available. Hilberg and others[94] found a correlation between the cross-sectional area of the nasal airway measured by acoustic rhinometry and the area found by calculations using data from rhinomanometry. 
Tomkinson and Eccles[197] found a correlation between the results from rhinomanometry and acoustic rhinometry in a study of healthy subjects before and after decongestion, but thought the relationship was weak and that it was unlikely that 
they were measuring the same parameters. Investigators have found comparable results for assessing nasal challenge between acoustic rhinometry and rhinomanometry.[6] [178] Cole and Roithmann[40] thought that the two techniques provided 
complementary information. They noted that rhinomanometry determines nasal patency in terms that are more representative of how hard it is for a person to breathe, but that acoustic rhinometry might be better for studies of rapidly 
changing microvascular conditions and nasal volume changes. They showed how both can give information about the site of obstruction, but they believed that acoustic rhinometry might give more precise anatomic information for the nasal 
surgeon. Lang[124] also notes that the two methods are complimentary for the study of functional changes in the nose and demonstrated good correlation between nasal cross-sectional area as measured by acoustic rhinometry and 
rhinomanometry.

Criteria of a Good Airway Test

A number of desirable criteria for a nasal airway test have been described.[129] These criteria include: ease of performance using readily available equipment; no discomfort for the patient; no interference with the nasal anatomy or airflow; an 
objective means of assessment that is accurate, reproducible, and standardized; availability of normal values; use of physiologic levels of the parameters measured; and clinical usefulness. Available tests vary in their ability to fulfill these 
criteria.

ACOUSTIC RHINOMETRY EQUIPMENT AND METHODS

Equipment

The equipment used in acoustic rhinometry has been described by Hilberg and others.[94] By presenting a shock wave to the nasal airway and then measuring the reflected sound, a profile of the cross-sectional areas through each side of the 
nose may be obtained. An acoustic pulse from a spark travels through a wave tube and through a nosepiece in contact with the nose such that there is no noise leakage. Changes in the cross-sectional area of the nose cause changes in acoustic 
impedance that affect the reflectance of the sound. A microphone detects the reflected sound, and the signal from the microphone is processed and then converted to digital data. A computer then calculates and plots an area-distance function 
from the data. More recently, a "continuous" noise signal has been used instead of the shock wave in some of the devices.[81] 

Methods

The patient is seated, and a nosepiece on the tube is applied to the patient's nose so that there is no noise leak and no distortion of anterior nasal structures. Measurements are repeated three times to ensure reproducibility; each measurement 
takes approximately 10 msec, and each side of the nose is measured separately.

Reporting Results

The device calculates and displays an area-distance curve ( Figure 38-1 ). From this curve, a number of parameters can be calculated, including the size of the minimal cross-sectional area (MCA), the location of
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Figure 38-1 Typical area-distance curves obtained using acoustic rhinometry. Two curves are shown, with the first part overlapping. The different synonyms for the two minima on the curves are shown. The upper curve shows the minimal 
cross-sectional area at the first constriction, and the lower curve shows the minimal cross-sectional area at the second constriction. 



 

Figure 38-2 Placement of pressure tubing for anterior rhinomanometry. Tape occludes the nostril on one side; that side acts as an extension of the tubing so that the pressure at the end of the tube (P1 ) equals the pressure in the nasopharynx 
(P2 ). 

 

Figure 38-3 Placement of pressure tubing for posterior rhinomanometry. Site A will work as well as site B and avoids stimulation of the base of the tongue. The soft palate (C) should be relaxed. 

 

Figure 38-4 Placement of pressure tubing for postnasal (pernasal) rhinomanometry. 



 

Figure 38-5 Anterior mask rhinomanometry (side view). 

 

Figure 38-6 Anterior mask rhinomanometry (front view). 

 

Figure 38-7 The calculation of total nasal airflow at a given transnasal pressure: V = flow; VTotal = VRight + VLeft  

 

Figure 38-8 A, One respiratory cycle as seen on flow and pressure tracings and on the pressure-flow plot. B, (a–b) Inspiration, phase of acceleration of airflow. C, (c–d) Inspiration, phase of deceleration of airflow. D, (e–f) Expiration, phase 
of acceleration of airflow. E, (g–h) Expiration, phase of deceleration of airflow. 



 

Figure 38-9 The pressure-flow curve (a) for a nasal airway that is more obstructed will be closer to the pressure axis than will the curve (b) for a nasal airway that is less obstructed. 

 

Figure 38-10 Nasal resistance can be calculated at a designated pressure (a), flow (b), radius (c), or maximum (d). 

 

Figure 38-11 A change in the rank order of resistance values can occur when resistance is calculated at different locations on the curve, even though the same method (resistance at a designated radius) is used. 



 

TABLE 38-1 -- FACTORS CONTRIBUTING TO VARIABILITY IN OBJECTIVE AIRWAY TESTING IN GENERAL AND FOR RHINOMANOMETRY AND ACOUSTIC RHINOMETRY

Sources of Variability Effect References

Both rhinomanometry and acoustic rhinometry

Nasal cycle Causes variability in unilateral resistance, but total nasal resistance remains relatively constant Hasegawa and Kern[87] ; Heetderks [91] 

Secretions Can increase nasal resistance Forsyth and others[68] 

 No change caused by nose blowing Cole and others[43] 

Exercise Causes a reduction in resistance Cole and others[43] ; Forsyth and others[68] 

Hyperventilation Increases nasal resistance Dallimore and Eccles[53] ; McCaffrey and Kern[133] 

Breathing CO2 Decreases nasal resistance McCaffrey and Kern[133] ; Strohl and others[190] 

Posture Nasal resistance is greatest when supine and least when in the upright sitting position; pressure to specific areas of the body 
causes increase in resistance on the side of the pressure

Hasegawa[86] ; Haight and Cole [80] 

Time of day Diurnal variation in nasal resistance, highest at night and in the early morning Schumacher[181] 

Medications Decongestant spray decreases nasal resistance Cole and others[43] 

 Increase in nasal resistance after saline spray McLean and others[134] ; Schumacher [181] 

 No effect on the airway from saline spray Cole and others[43] 

 Aspirin causes a small increase in nasal resistance Jones and others[106] 

 Antihistamine treatment may increase the nasal resistance in the unchallenged nose Havas and others[90] 

Smoking Smokers had significantly higher nasal resistance than nonsmokers Dessi and others[54] 

Height Nasal resistance increases with height in adults Broms[19] ; Jessen and Malm[104] ; Pallanch and others[155] 

 No correlation between nasal resistance and height Morris and others[141] 

Age No change in nasal resistance with increasing age in adults Broms[19] ; Jessen and Malm[104] 

  Cole[34] ; Hasegawa and others [89] 

 Decrease in nasal resistance with advancing age in adults Masing[131] ; Parker and others [158] ;

 Nasal resistance increases with age in children Principato and Wolf[167] ; Saito and Nishihata[174] 

Acoustic rhinometry

Temperature 1-mm shift in anatomic features for every 2.5°C difference in temperature Tomkinson[195] 

Race MCA was significantly lower in whites and Asians than in blacks; volumes smallest in Asians, largest in blacks Morgan and others[140] 

Computer error Computer software may erroneously locate the MCA1 at the outer end of the nosepiece, thus necessitating the establishment of a 
zero point

Tomkinson and Eccles[199] 

Rhinomanometry

Temperature Cold air increases nasal resistance Forsyth and others[67] 

Race Nasal resistance is greater in whites than in blacks and intermediate in Asians Ohki and others[149] 

Humidity No change with changes in humidity Ivarsson and Malm[102] 

MCA, minimal cross-sectional area.
 



machine was first turned on. Potential causes of variability caused by the nozzle technique have been cited.[115] Masks have introduced some variability in results,[45] [189] although Maranta and others[130] found that different mask shapes and 
volumes did not change the results obtained when making rhinomanometric measurements. Visual feedback, using a real-time display of the pressure-flow curve, has been valuable to reduce variability by detecting air leaks or other artifacts. 
[108] [175] [181] [189] 

Minimizing Variability: Acoustic Rhinometry

The kinds of variability in acoustic rhinometric measurements that are caused by temperature and anthropologic type are listed in Table 38-1 . Other sources of variability that have been mentioned include transmission losses, response lags, 
oscillation artifacts,[40] transient changes in sinus opening areas, and pressure changes in the nose[94] ; additional sources will be itemized in the next section. Fisher[66] noted that such limitations dampen the original enthusiasm about the 
possibility of acoustic rhinometry providing superior reproducibility as compared with other objective tests. In addition, he noted that the repeat tests needed to minimize these increasingly evident sources of variability "detract from the 
perceived speed of acoustic rhinometry."[66] 

Operator Bias

Fisher and others[66] found interobserver variation to have a "surprising effect on all parameters" and that it was in part a result of acceptance of traces of suboptimal quality. To reduce operator bias in acoustic rhinometry, Tomkinson[191] 
recommended maintaining a coefficient of variation of less than 20% for a reference volume at the site of interest. He also recommended using the average of at least three consecutive traces because if multiple tracings are done, wider error 
bars can sometimes reveal areas of inaccuracy.[198] 

Angle of Incidence of the Wave Tube

Fisher and others[66] found that an increase in the sagittal angle of the tube caused a decrease in the depths of the I- and C-notch and a shifting of both anteriorly. They found that an increase in the lateral (axial) angle caused shifting anteriorly 
of the I- and C-notches with a decrease in magnitude of the I-notch and changes in the wave pattern in the deeper nasal cavity. Some investigators have found it desirable to use a special stand for the patient to rest his or her head, 
maintaining a constant angle of incidence with the device to improve the reliability of serial measurements.[62] Roth and others[172] demonstrated less variation and a larger cross-sectional area by using a holder to stabilize the tube. In addition to 
increasing the reliability and reproducibility of measurements, they thought the technique could save time and allow for the mounting of other equipment (e.g., rhinoscopes). Fisher and others[66] thought that children would find a head holder 
frightening.

Avoidance of Nasal Tip Distortion

Fisher and others[66] found that the conical nosepiece produced a degree of deformity of the valve in many
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subjects. Roithman and others[171] noted that the use of a nasal adapter rather than nozzles could help to avoid distortion in the compliant vestibular region, thereby resulting in lower estimations of the MCA.

Acoustic Seal with the Nostril

A complete acoustic seal needs to be obtained, because air leaks can cause variability. Fisher and others[66] found that, where a seal was difficult to obtain (e.g., in subjects with long thin nostrils), the addition of sealant reduced the anterior 
cavity volume measurement. Tomkinson and others[196] found that, if the air leak is small, the main effect is exaggeration of the dimension after the leak; however, if the air leak is large, there will not be any useful information after the leak. 
Grymer and others[77] said that a leak might be indicated if a volume of larger than 45 cm3 between 9.2 and 13 cm was measured. Some testers have thought that a "click" sound made by the device can reveal a sound leak. A layer of water-
soluble jelly is recommended to provide an acoustic barrier that will allow the device to not be in firm contact with the nose so that distortion of the tip structures may be avoided.

Size of the Nosepiece

Fisher and others[66] found that, with a decrease in the size of the nosepiece, the I-notch deepened; with the 8-mm (small) nosepiece, the MCA was underestimated.

No Breathing or Swallowing During the Test

Breathing during the test causes a change in the MCA estimation [196] or a high rate of artifactual traces.[66] Swallowing may also cause variation in the results of acoustic rhinometry.[94] [195] It is therefore important that the patient hold his or her 
breath and not swallow during the measurement.

Measurement Beyond a Restriction

Hilberg and colleagues[94] found that the area beyond a significant restriction may not be accurately estimated. They found that, in general, if the anterior area is less than 0.7 cm2 , there will be significant error for more distal (from the 
nosepiece) measurements. Fisher and others[64] noted that, because acoustic rhinometry is less accurate in the posterior nose, it is fortunate that the rhinologist is most interested in the anterior nasal airway. Hamilton and others[81] noted that 0.7 
to 0.8 cm2 is the normal dimension for an adult nasal valve; errors beyond this size restriction would be about 20% for nasal volume measurements, and increase with pathologic restrictions or with children's noses. They also found 
inaccuracies in area reconstructions and distance to constrictions in measurements beyond this size constriction. They noted that the results were reproducible and so remain useful for comparisons.

Change in Geometry of the Cavity Measured

Tomkinson and others[198] demonstrated that the greater the magnitude of changes in cross-sectional area, the worse the estimate of the dimension of the airway. Also, the greater the rate of change of the area, the worse the estimate of airway 
size will be. They concluded that acoustic rhinometry was a low-resolution method that may only be useful in the most anterior nasal cavity, for localizing the narrowest point, or documenting the relative changes produced by treatment.

Position or Motion of the Soft Palate



Hilberg and others[94] noted that motion of the soft palate might cause a variation in results. If the palate is elevated at the time of the test, the nasopharyngeal volume estimate will be reduced. [66] 

Additional Recommendations: Acoustic Rhinometry

Fisher and others[66] noted that, for comparisons among populations (e.g., pre- and postoperative or nasal cycle studies), "great care must be taken" to ensure that all technical variables are constant. They recommended for acoustic rhinometry 
that all readings be taken with the tube at midrange angles, that sealant be used if the quality of the acoustic seal is in doubt, that the patient should avoid respiration during the test, and that improved nosepieces should be used that do not 
enter the valve.

Minimizing Variability of Objective Tests

Because multiple sources of variability are potentially present, one cannot always be sure which factor is most responsible for a measured variability in results; all sources of variability should be controlled without affecting the clinical 
information sought. Cole[36] proposed that subjects should avoid exercise and exposure to climatic extremes for 30 minutes before testing. Patients should not be taking any interfering medications. As previously mentioned, distortion of the 
alae should be avoided. Measurement should be performed in a comfortable, stable, nonirritating environment. Jones and others[108] used a quiet, well-ventilated room with constant temperature and humidity, with no bright sunshine, and with 
the patient sitting in a comfortable chair; also, they recommended explaining the test procedure and the equipment first to help alleviate patient anxiety. The patient should have no tobacco or coffee before the test. Knowledge of the factors 
that can affect the
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variability of results allows investigators to take appropriate measures to obtain the most accurate and precise results.

WHAT IS THE ROLE OF OBJECTIVE TESTING OF THE NASAL AIRWAY?

Objective testing of the nasal airway can be used for the clinical evaluation of the symptom of nasal obstruction, evaluation of patients with sleep apnea, allergy challenge testing, and pretreatment and post-treatment comparisons.

Objective Testing Can Help in the Diagnosis and Treatment Selection of Patients with Obstructive Symptoms

For Patients with the Symptom of Nasal Obstruction in Whom Airway Restriction Is the Suspected Cause of the Symptoms

If airway restriction is the suspected cause of the symptoms, objective testing results can be used with history and examination to aid in diagnosis and treatment. The method for this will be described below in more detail. If there is suspicion 
of sinusitis or other conditions that might cause obstructive symptoms without directly restricting the airway, these are looked for before testing is performed.

For Patients with Snoring and Sleep Apnea

As previously mentioned, rhinomanometry can be used to assess the change in resistance that occurs when the patient is in the supine position. This change can be more severe in the patient with sleep apnea.[3] Snoring has been decreased[162] [179] 
by using nasal dilators to open the anterior nasal airway, thus implying nasal obstruction contributes to snoring in some patients. Olsen[150] found that nasal obstruction from packing could cause disturbed sleep. Miljeteig and others[137] found no 
correlation between varying degrees of nasal resistance and amount of snoring in eight snorers with no nasal pathology. Lenders and others[126] found that 97% of patients with habitual snoring (some with sleep apnea) had an MCA located at 
the C-notch (turbinate), whereas in all of their normal subjects, the MCA was located at the I-notch. Even with decongestion, the area at the C-notch of the patients who snored did not reach normal, nondecongested size. They, like Blakely 
and Mahowald, [16] found higher-than-normal nasal resistance in these patients, but no correlation between number of apneas and degree of nasal resistance. Petrusan[161] reported that increasing the nasal airway with a dilator can reduce the 
apnea index. Corey has shown that, in patients with allergic rhinitis, those with snoring and mild sleep apnea had significantly greater congestion at the anterior portion of the inferior turbinate as measured by acoustic rhinometry and less 
subjective improvement with nasal decongestion.[100] Future studies may reveal the role of objective nasal airway testing in helping to assess the contribution of the nasal airway in patients with snoring and sleep apnea.

For Challenge Testing in Patients with Allergic Rhinitis

Nasal challenge testing is performed by introducing a specific allergen into the nose to assess the pathophysiologic changes that result. This use for objective testing emerged from the desire to directly test the organ affected by allergy, rather 
than to rely on the indirect reaction manifested by skin tests. [13] [182] [201] Nasal provocation testing dates from 1873.[32] A technique was sought that would be reproducible, deliver a consistent concentration of the challenging antigen, and provide 
objective noninvasive assessment of the response to the challenge. Provocation testing using objective testing of the nasal airway offered the promise of fulfilling these criteria. Doyle and others[55] found that the intranasal allergen challenges 
with ragweed pollen in patients with ragweed allergy reproducibly caused an increase in nasal resistance with increasing doses of ragweed. Fireman[61] noted the advantage of rhinomanometry for providing numbers that enable the calculation 
of percent change from a baseline value, which he noted would be difficult to assess with symptom scores alone.

Different levels indicative of a positive response have been chosen. Wang and Clement[202A] noted that an increase to 100% of baseline rhinomanometric result occurred after challenge in 94% in the early phase and 82% in the late phase; 
however, unilateral measurement was preferred to total measurement, because it was more sensitive in the evaluation of the late phase nasal response. Pastorello and others[160] showed that an inflammatory reaction (particularly involving 
eosinophils) occurs after nasal challenge and is closely related to an increase in nasal resistance and an increase in the symptom of nasal obstruction.

More recently, acoustic rhinometry has been used for challenge testing. Lai and Corey[121] used acoustic rhinometry to show a correlation between the results of challenge testing and serum specific IgE (mRAST) results. Acoustic rhinometry 
and rhinomanometry have yielded comparable results with regard to nasal challenge testing.[6] [178] Lenders and Pirsig[125] thought that acoustic rhinometry could be more sensitive than rhinomanometry for detecting allergic rhinitis, because it 
could reveal mucosal changes even when no change in resistance had occurred. Austin and Foreman[6] noted that, as compared with rhinomanometry, acoustic
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rhinometry could be more quickly performed and required minimal subject cooperation, which may be advantageous for challenge testing. Scadding and others[178] thought that acoustic rhinometry had less variability with regard to quantifying 



the airway in challenge testing performed in severely congested patients.

Objective Testing Can Assess the Effect of Treatment

For Medical Therapy

Objective testing of the nasal airway has been a useful way to assess the effect of intranasal medications, because it does not rely on subjective assessment by the patient or clinician.[15] [93] [98] [124] [177] Elbrond and others[64] used acoustic rhinometry 
to show the change in cross-sectional area that occurred in a patient with nasal polyps who was receiving systemic steroid treatment.

For Surgical Therapy

Nasal airway testing can help to objectively assess the effect of surgery on the airway. Malm[127] said that rhinomanometry has value for patients to explain why surgery has reduced or increased their nasal symptoms, and that it has scientific 
value for "evaluating effects of certain surgical techniques." Sipila and others[186] suggested that rhinomanometry could serve as "a method of quality control" by showing how nasal obstruction was not corrected in some patients.

Change in airway dimension after surgery.

Several investigators have found a significant decrease in nasal resistance in the more obstructed side of the nose after septal surgery and after turbinate surgery.[49] [106] [205] Using acoustic rhinometry, Lenders and Pirsig [125] showed an 
improvement in airway dimension after turbinate surgery. Grymer and others found a decrease in MCA after septoplasty, [76] after rhinoplasty, and after turbinoplasty. [75] Elbrond and others[60] showed that acoustic rhinometry can document the 
change in the epipharynx after adenoidectomy. Using acoustic rhinometry and rhinomanometry, Pirila[163] demonstrated that both nasal flow and cross-sectional area increased unilaterally after septoplasty on the side of obstruction, whereas 
values for the opposite side decreased. Kimmelman and Jablonski[118] did not find a significant decrease in total resistance in the decongested nose after septal or turbinate surgery, although there was a decrease in patients' symptoms.

Correlation with symptoms postoperatively.

A number of these investigators found a postoperative improvement in symptoms associated with improvement in the nasal airway documented by objective testing. Constantinides and others[48] did not find a correlation postoperatively 
between symptoms and nasal resistance after decongestion in patients who had septorhinoplasty.

Correlation with surgery satisfaction.

Patients with high preoperative resistance or low preoperative MCA were more likely to be satisfied with surgery than those with preoperatively lower resistance or higher preoperative MCA.[128] [186] [192] Sipila and others[186] noted that patient 
satisfaction was highest in patients with symptoms of obstruction whose nasal resistance was changed to "normal." Grymer and others,[76] using acoustic rhinometry, found that although the MCA did not always improve with the correction of 
septal deformities, the patient's satisfaction correlated with the improvement in the size of the MCA after surgery. They also noted a slight correlation between nasal volume and the patient's satisfaction with surgery. In Pirila's study,[163] a 
correlation with patient satisfaction was only statistically significant for MCA1 and overall MCA, although a positive correlation was noted for increased volume, flow, and MCA2. After turbinoplasty, Grymer and Hilberg[75] noted 
improvement in MCA and symptoms of patency, but they did not find a correlation between the amount of improvement in MCA and patients' satisfaction with surgery.

Criteria for surgery.

Suonpaa and others[192] questioned the benefit obtained when operating on patients with preoperatively normal nasal resistance. Malm[127] suggested that it is possible to select patients for surgery on the basis of rhinomanometric data if results 
are from the decongested nose, if correction is done for height, and if the 95% prediction limit is used. Bachmann[11] has outlined rhinomanometric indications for and against surgery and noted that, "when constant stenosis exists" and total 
flow "is below 700 cm3 /sec, then there exists a clear indication for surgery."

Recently, there has been a desire by some clinicians to have a means of obtaining an objective assessment that would demonstrate the need for surgery to managed care reviewers. This might be difficult to do meaningfully using absolute 
values in the highly variable environment of the nose. However, it might be possible to some extent in the context of a clinical algorithm that incorporates objective testing as one of the facets of the decision-making process in the selection of 
therapy. A clinical algorithm using objective testing will be described in a later section of this chapter.
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THE ROLE OF OBJECTIVE TESTING WHEN AIRWAY RESTRICTION IS THE SUSPECTED CAUSE OF THE SYMPTOMS

Is There an Abnormal Airway Dimension or Amount of Restriction that Can Be Distinguished from Normal?

For Rhinomanometry

Most reports of normal resistance have been based on the values for small groups of control subjects. One goal of the International Committee on Standardization (now called the Standardization Committee on Objective Assessment of the 
Nasal Airway)[33] [115] [117] has been to establish normal values at various centers using recommended methods for consistent reporting of the results. Table 38-2 and Table 38-3 present unilateral and total values for normal resistance that have 
been reported in the literature. Note that the values often cannot be directly compared with each other, because they were obtained using different points on the pressure-flow curve.

One problem with reporting normal values is the criteria used for the selection of healthy subjects. The healthy subjects in Table 38-2 and Table 38-3 were usually "normal" on the basis of lack of symptoms. Szucs and others[193] concluded that 
lack of symptoms alone was not a sufficient criterion for the inclusion of subjects in normative studies of rhinomanometry results. Palma and others[157] recommended that subjects described as "normal" also be "rhinoscopically normal." A 
normal range for nasal pressure-flow curves can be shown by a shaded area on the plot of the pressure-flow curve ( Figure 38-12 ).[155] Although  

TABLE 38-2 -- UNILATERAL NORMAL MEAN OR MEDIAN NASAL RESISTANCE: REPORTED ADULT INSPIRATORY VALUES



Investigator Subject Description N Nondecongested Value * Decongested Value * Side
Measured 
at

Pallanch and others[152] Symptomless volunteers 80 0.25 0.16 Average Radius 1

   0.33 0.22 Average Radius 2

   0.42 0.28 Average Radius 3

Unno and others[200] No or only slight obstruction 50 0.35 — Right 50 Pa

   0.30 — Left 50 Pa

Kenyon[112] Healthy 25 0.33/0.39 0.28 Average Radius 2

Jessen and Malm[104] Healthy 100 0.45 0.23 Average Radius 2

   0.54 0.36 Average 150 Pa

Cole[34] Symptomless 1000s Varies 0.3 Average Mean

    0.15 (with retracted ala) Mean

Sipila and others[186] Healthy, "normal nasal status" 97  0.30 Average 150 Pa

    0.20 Average Radius 2

In some cases, the mean value is the arithmetic mean of a skewed distribution. Ranges are not shown.
*All values rounded off and converted to Pa/cm3 /sec (0.1 Pa/cm3 /sec = [approximately] 1 cm H2 O/L/sec). 

 
 
 
this is not an absolute level at which obstruction is indicated, it serves as a reference area for comparisons with a population who breathes comfortably through their noses. One problem encountered when studying a "normal" population is 
that resistance values are not, in a statistic sense, normally distributed.[132] [155] [193] For statistic analyses, transformation can be performed to normalize the distribution of the data, or nonparametric statistic methods can be used.[20] [82] [89] [132] [153] 

For Acoustic Rhinometry

Grymer and others[77] and Lenders and Persig[125] have reported normal values for acoustic rhinometry. Lenders and Pirsig[125] found the normal MCA to be 0.73 cm2 . Grymer and others[77] reported normal MCA values for 82 subjects of 0.72 to 
0.73 cm2 before decongestion and 0.92 to 0.95 cm2 after decongestion for the unilateral airway. For the total airway, the normal MCA was 1.46 cm2 before decongestion and 1.88 cm2 after decongestion. Grymer and others[77] stated that stricter 
criteria for normal subjects may be needed, because some of the subjects in their normal group had MCAs at the anterior turbinate, whereas those in the study by Lenders and Pirsig[125] did not.

Has a Correlation Been Found Between Objective Test Results and the Symptom of Obstruction?

Several methods have been used to study the correlation between the results of objective testing of the nasal airway and the symptom of nasal obstruction. One method is to determine whether there is a
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TABLE 38-3 -- TOTAL NORMAL NASAL RESISTANCE: REPORTED ADULT INSPIRATORY VALUES

Investigator Subject Description N Nondecongested Value * Decongested Value * Method Measured at

Rundcrantz[177] Healthy individuals 10 0.14 — Posterior measured 0.5 L/sec

McCaffrey and Kern[132] Asymptomatic normal examination 23 0.22 0.15 Anterior calculated Maximum

Connell[47] Pedestrians on the streets of New York (some 
children)

263 white, 0.23 - Anterior calculated 150 Pa

  30 black 0.19 - Anterior calculated 150 Pa

Pallanch and others[155] Symptomless volunteers 80 0.12 0.08 Anterior calculated Radius 2

   0.14 0.09 Anterior calculated Radius 3

   0.16 0.10 Anterior calculated Radius 4

   0.14 0.10 Anterior calculated 50 Pa

   0.18 0.14 Anterior calculated 100 Pa

   0.11 0.07 Anterior calculated 0.1 L/sec

   0.12 0.08 Anterior calculated 0.2 L/sec

Unno and others[205] No or only slight obstruction 50  0.16 Anterior calculated 50 Pa



    0.15 Posterior measured 50 Pa

Jones and others[108] No disease, normal examination 59 0.38 — Anterior calculated 150 Pa

Jessen and Malm[104] Healthy 100 0.19 0.11 Anterior calculated Radius 2

   0.25 0.18 Anterior calculated 150 Pa

Cole[34] [36] Symptomless volunteers 800 0.26 — Posterior measured (?) Mean

  1000s 0.33 — Posterior measured (?) 150 Pa

   0.2 0.1 Posterior measured (?) Mean

   0.25 0.12 Posterior measured (?) 150 Pa

Sipila and others[186] Healthy, "normal nasal status" 97  0.15 Anterior calculated 150 Pa

    0.09 Anterior calculated Radius 2

In some cases, the value is the arithmetic mean of a skewed distribution. Ranges are not shown.
*All values are rounded off and converted to Pa/cm3 /sec (0.1 Pa/cm3 /sec = [approximately] 1 cm H2 O/L/sec). 

 
 
 
difference between a group of normal subjects and a group with symptoms of obstruction; another method is to look for a correlation between symptoms and objective test results with statistic methods that consider each person studied.

Comparison of Group Results: Normal Subjects vs Obstructed Subjects

Both unilateral and total resistance may be related to the patient symptoms. It is not known whether unilateral or total results give the most meaningful
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Figure 38-12 Shaded area defined by the 5%, mean, and 95% curves representing the range in unilateral nasal pressure-flow data after decongestion in 80 healthy adults. 

 

Figure 38-13 Plot of the overlap of the normalized distribution of nasal resistance data from a population of subjects with no nasal symptoms and from a population of patients with the symptoms of nasal obstruction. 

 

Figure 38-14 Anatomy of the valve region. 



 

Figure 38-15 The algorithm for the evaluation of nasal obstruction that uses the symptoms, pathology noted, and objective airway testing results to select diagnosis and therapy. 
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Chapter 39 - NASAL MANIFESTATIONS OF SYSTEMIC DISEASES

Thomas J. McDonald 

INTRODUCTION

The incidence of systemic diseases affecting the upper airway appears to be increasing, but in fact it is not. In reality, the diagnosis is being made earlier and more easily. The reasons for this are the heightened index of suspicion for these 
diseases on the part of otolaryngologists, earlier dialogue between colleagues, technologic advances such as the use of endoscopy in the outpatient setting when patients are first seen, perinuclear antineutrophilic cytoplasmic antibody (p-
ANCA) and cytoplasmic antineutrophilic cytoplasmic antibody (c-ANCA) testing, and, of course, the important use of an early biopsy.

Other advances include improved methods of staining and culturing of biopsy materials, as well as more accurate morphologic examination of the tissue. Finally, these diseases are managed better due to early interaction with colleagues in 
other specialties such as pulmonary medicine, nephrology, and rheumatology.



This chapter describes three categories of diseases: (1) granulomatous diseases, including Wegener's granulomatosis and sarcoidosis; (2) infectious diseases, including tuberculosis, typical and atypical, and fungal diseases; and (3) 
lymphomas, specifically T-cell lymphoma.

GRANULOMATOUS DISEASES

Wegener's Granulomatosis

Wegener's granulomatosis (WG) is now considered a relatively common disease of the upper airway. There was a tendency for it to be overlooked in the past, but now its detection occurs much earlier and management is much better. It is 
appropriately named for Friedrich Wegener, who in 1939 first described necrotizing granulomas and vasculitis of the upper and lower respiratory tract, occurring either together or as separate components.[22] It should be classified not only as 
a granulomatous disease but also viewed as a vasculitis and an autoimmune disease.

Formerly, several diseases (e.g., WG, lymphomas, carcinomas, and destructive infectious disorders such as fungal infections and tuberculosis) were often called lethal midline granuloma. This is a clinical term and should be abandoned 
because now these diseases are known to be individual entities separable clinically, morphologically, and with diagnostic studies. Specific identification is vital because the management strategies are different for each disorder.

Clinical Aspects of Wegener's Granulomatosis

There are three main forms of WG: types 1, 2, and 3.[15] Type 1 is the limited form of WG. Typically, patients with this form have with symptoms of an upper respiratory tract infection persisting for several weeks, which is unresponsive to 
antibiotics and associated with serosanguineous nasal drainage and pain. The pain is especially severe over the dorsum of the nose. Of particular note is the expression of very large nasal crusts in both sides of the nose. There is no disease 
other than WG with such severe crusting.

Some patients with the limited form have systemic vasculitis characterized by night sweats, migratory arthralgia, generalized weakness, and moderately profound malaise. Nasal examination shows diffuse crusting of the nose and 
nasopharynx bilaterally. When the crusts are removed, the mucosa is very friable. Septal perforations are less common because the disease is diagnosed earlier. Flexible or rigid endoscopic examination is invaluable in determining the extent 
of the intranasal lesions.

Type 2 indicates a sicker patient with more systemic symptoms. Nasal involvement is similar to that of a patient with type 1 disease, but other organs are also involved. Pulmonary involvement is typified by hemoptysis and the finding of 
cavitating lesions on chest radiographs.

Type 3 is widely disseminated with involvement of multiple organs including airway, pulmonary, renal, and sometimes cutaneous lesions. Cutaneous involvement
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is typified by tick-bite-like lesions of the lower limbs. Some patients have moderate-sized cutaneous ulcerations over the back or chest. Renal involvement in the early stage is typified by hematuria and abnormal urinary sediment leading to 
progressive renal failure.

Wegener's Granulomatosis Involvement of other Head and Neck Sites

Orbital involvement occurs either alone or in conjunction with nasal involvement. Nasolacrimal duct obstruction due to ethmoid and nasal disease, non-specific episcleritis bilaterally, and bilateral or unilateral proptosis due to the extension 
of disease into the orbit or pseudotumor of the orbit itself are common forms of orbital involvement.[3] [11] Otologic involvement including unilateral or bilateral serous otitis media, with or without mastoiditis, occurs. This can occur alone or in 
conjunction with fairly profound unilateral or bilateral sensorineural hearing loss. Oropharyngeal involvement is not common, but when present is characterized by diffuse upper and lower gingival lesions and diffuse minor salivary gland 
involvement accompanied by ulcerations throughout the oral cavity.

Subglottic Involvement with or without Nasal Involvement

Subglottic involvement with or without nasal involvement is very common in WG, occurring in about one-fifth of the author's Mayo Clinic experience with 500 patients. It is a capricious form of involvement because patients may visit the 
otolaryngologist with symptoms of asthma but normal flow volume studies. The finding of a very short segment of upper tracheal stenosis on endoscopy may suggest the diagnosis of WG.[5] [10] 

Diagnosis of Wegener's Granulomatosis

The typical history and characteristic findings on clinical evaluation and endoscopy, as well as the presence of mild to moderate anemia associated with an elevated erythrocyte sedimentation rate, are all suggestive of the clinical diagnosis of 
WG. An abnormal urinary sediment with elevated serum creatinine levels reflect early or advanced renal involvement. Cavitating lesions on pulmonary roentgenograms indicate pulmonary involvement. The importance of a careful biopsy 
cannot be overstressed. Preferably performed under topical anesthesia with intravenous sedation, the nasal crusts are removed, along with seven or eight pieces of tissue from all turbinates. This tissue is sent for stains and culture, including 
those for acid-fast and fungal organisms.

Antineutrophilic Cytoplasmic Antibody

The discovery of ANCA prompted research activity that enhanced our understanding of the pathogenetic mechanisms of WG, microscopic polyangiitis, and related small vessel vasculitides.[18] The detection of ANCA is based on indirect 
immunofluorescent findings. With this method, the crucial distinction is made between coarse granular, c-ANCA, and p-ANCA staining on ethanol-fixed neutrophil cytocentrifuge preparations. The characteristic c-ANCA pattern (formerly 
termed ACPA) is caused by antibodies against proteinase 3 and neutral serine protease present in the azurophilic granules of neutrophils.

The p-ANCA fluorescence represents an artifact of ethanol fixation that allows the rearrangement of positively charged granule constituents around and on the negatively charged nuclear membrane. Circulating antibodies against 
myeloperoxidase (MPO), elastase, cathepsin G, lactoferrin, and lysozyme have been identified as the cause of the p-ANCA phenomenon. The high specificity of c-ANCA for WG has been confirmed in large studies. In fact, it is so specific 



that it may in some cases preclude the need for biopsy, although histopathologic confirmation of clinical impressions is important. However, in certain clinical situations (e.g., subglottic stenosis in which sufficient biopsy material is difficult 
to obtain or is contraindicated because of the possibility of precipitating the need for a tracheostomy), the use of the c-ANCA test is extremely helpful.

A negative c-ANCA test does not exclude the diagnosis of WG. The sensitivity of the test is limited and depends on the extent and activity at the time the study is done. Its specificity is greater than 90% during the systemic vasculitic phase 
of the disease, but only about 65% in patients with predominantly granulomatous disease manifestations limited to the upper or lower respiratory tract, or both. In patients with no signs of disease activity (complete remission), the sensitivity 
is about 30%.

Cytoplasmic Antineutrophilic Cytoplasmic Antibody Testing as a Predictor of Relapse

Although titer changes in c-ANCA parallel disease activity changes in more than 85% of patients, the predictive value of a c-ANCA titer increase as an indicator of imminent relapse is controversial. Nevertheless, it is appropriate to interpret 
a c-ANCA titer increase as an ominous sign that necessitates close monitoring of the patient.

Perinuclear Antineutrophilic Cytoplasmic Antibody

Because of its lack of sensitivity and disease specificity, p-ANCA is not as useful as c-ANCA testing. It has been useful, however, in certain autoimmune diseases including inflammatory bowel disease, autoimmune liver disease, and 
rheumatoid arthritis.
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Additionally, p-ANCA with MPO as the target antigen has been found to be closely associated with microscopic polyangiitis for which the main manifestation is alveolar hemorrhage.

Disorders Mimicking Wegener's Granulomatosis

Two clinical situations are commonly confused with WG. The first is due to previous or ongoing nasal substance abuse.[2] This problem classically manifests in a patient as an isolated, large septal perforation. The edges of the perforation are 
characteristically inflamed and crusty, and there is usually no history of external or intranasal trauma or previous surgical procedures involving the septum. With the exception of patients who admit to a chronic factitial habit, isolated septal 
perforations with totally normal nasal mucosa and normal nasopharyngeal mucosa are often due to substance abuse. Careful questioning will usually elicit a history of cocaine abuse, and it should be considered the diagnosis, even if the 
abuse was "discontinued years ago." The differentiating signs are the presence of normal mucosa throughout the upper airway, nonspecific biopsy results, normal results of blood tests, and a negative ANCA result.[15] 

Histopathology of Wegener's Granulomatosis

In WG, there is characteristic vasculitis necrosis with an inflammatory background.[12] The vasculitis typically involves medium and small vessels including arteries, arterioles, capillaries, venules, and veins. The large vessels are rarely 
affected. There may be simply a mural cellular infiltrate or fibrinoid necrosis. More frequently, an intramural eccentric necrotizing granulomatous lesion is found. The capillaritis may be neutrophilic or, rarely, granulomatous. The necrosis is 
granulomatous in nature. There are also small microabscesses that enlarge and coalesce until the typical necrosis has developed.

The necrotic center is surrounded by palisading histiocytes and scattered giant cells. The cellular infiltrates are mixed, consisting of lymphocytes, plasma cells, scattered giant cells, and eosinophils.

Treatment of Wegener's Granulomatosis

The current standard regimen for treatment of WG is oral cyclophosphamide (2 mg/kg per day) and prednisone (1 mg/kg per day) for 1 month.[16] The prednisone is then tapered to alternate days throughout the following 2 months and 
discontinued once a complete response is determined. Cyclophosphamide administration is continued for 6 months to 1 year. After the disappearance of symptoms, it is tapered gradually over several months. If relapse occurs, the standard 
protocol is reinitiated.

Trimethoprim-sulfamethoxazole.

Trimethoprim-sulfamethoxazole has several applications. First, all patients undergoing treatment with cyclophosphamide and prednisone also should be treated with trimethoprim-sulfamethoxazole (Bactrim or Septra, 1 DS). Second, when 
immunosuppressive therapy is discontinued, the patient should continue indefinitely to take trimethoprim-sulfamethoxazole because it may prevent remission. The third application of this medicine is in patients with biopsy-proven but very 
limited disease (e.g., confined completely to the nose) where trimethoprim-sulfamethoxazole can be used alone. The results of a study involving a small group of patients with this type of limited disease is very encouraging.[8] [20] 

The mechanisms by which trimethoprim-sulfamethoxazole affects the course of WG are not clear. It may affect an antimicrobial agent or an infectious process that otherwise triggers an autoimmune cascade of WG, although so far a precise 
organism has not been consistently identified. It may, on the other hand, have an immunomodulatory affect on neutrophils, macrophages, and lymphocytes.

Plasma exchange and intravenous immunoglobulin.

Patients with generalized disease who do not respond to immunosuppressive therapy provide challenging cases. Intravenous immunoglobulin (IVIG) has been tried in several patients with some positive results. Plasma exchange has also 
been used, but its benefits seem to be limited to the dialysis-dependent patient population.

Surgical reconstruction.

Contrary to some published statements, surgical intervention may be used to restore function when the disease is in remission. This includes tympanoplasty or correction of saddle nose deformity, as well as upper tracheal reconstruction.

Sarcoidosis

Sarcoidosis is a chronic systemic granulomatous disease capable of involving almost any organ in the body.[15] It is of immense interest to otolaryngologists because of its predilection to involve many head and neck organs, including the eye 
(e.g., episcleritis, uveitis), salivary glands (e.g., parotid swelling), the oropharynx (e.g., tonsillar hypertrophy), and larynx (e.g., epiglottic swelling and subglottic stenosis), as well as its involvement with various neuropathies (e.g., sudden 



deafness, unilateral or bilateral facial palsy).

Nasal Involvement

Nasal involvement in sarcoidosis can be external or internal. Externally, sarcoidosis may appear as a raised,
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papular lesion on the nose. Several of these lesions may coalesce to form bluish-red swellings. The lesions are firm and elastic when palpated and extend deeply to involve the entire thickness of the dermis.

Another form of nasal sarcoidosis is called lupus pernio. This describes chronic, violaceous cutaneous lesions with a predilection for cold-sensitive areas such as the nose, cheeks, ears, and fingers.[1] Intranasal involvement is characterized by 
diffuse nasal crusting or a vasomotor-like appearance to the nasal mucosa, causing diffuse mucosal swelling.

Diagnosis

There are three criteria necessary to make the diagnosis of sarcoidosis: (1) the patient's clinical and radiographic presentation must be compatible with sarcoidosis; (2) nasal biopsy material should demonstrate noncaseating granulomas; (3) 
other causes for granulomatous changes need to be excluded. Bronchoalveolar lavage (BAL) provides important insights into the pathogenesis of sarcoidosis. Studies suggest that the disease begins in the lungs with an alveolitis that consists 
mainly of T cells. These T cells elaborate chemotactic factors that attract monocytic cells, which ultimately transform into epithelial cells. These cells form the granuloma that potentially leads to fibrosis.

Patients with greater than 28% T lymphocytes in their BAL fluid have high-intensity alveolitis, and those with fewer than 28% T lymphocytes have low-intensity alveolitis. A decrease or return to a normal T-cell helper/suppresser ratio, 
accompanied or preceded by clinical and radiologic improvement in response to corticosteroid therapy, are very reliable prognostic signs. Gallium-67 scanning, often used in conjunction with BAL, is another useful diagnostic step. After 
gallium-67 is injected intravenously, the isotope is taken up into inflammatory tissues and accumulates in involved organs. It still remains, however, nonspecific.

Angiotensin-converting enzyme, a normal constituent of the endothelium, converts angiotensin 1 and angiotensin 2. When elevated, enzyme levels do seem to correlate with the clinical activity of sarcoidosis in some patients. Therefore, it is 
used in the workup of patients suspected of having sarcoidosis, but it is not diagnostic.

In many granulomatous disorders, activated T cells secrete a soluble form of interleukin (IL)-2 receptor (sIL-2R). Several studies have found that the levels of sIL-2R are markedly increased in patients with active sarcoidosis, and levels are 
lower in patients with inactive disease.

Other helpful laboratory studies include an increase in the erythrocyte sedimentation rate. Hypercalcemia and hypercalciuria may occur (10% of cases). Hypergammaglobulinemia has been noted in 20% to 25% of patients, primarily among 
blacks. Ten percent of patients with sarcoidosis have increased liver enzyme levels, particularly alkaline phosphatase. Electrocardiographic abnormalities include a prolonged PR interval, bundle-branch block, arrhythmias, and nonspecific 
sinus tachycardia (ST)-segment changes.

When sarcoidosis involves leptomeninges, the cerebrospinal fluid contains increased numbers of lymphocytes and increased protein levels.

Immune Aspects

Although the cause of sarcoidosis remains unknown, the disease is associated with abnormalities of cell-mediated and humoral immunity, and develops as a result of an overstimulated local cellular immune response, probably because of an 
exaggerated T-helper cell network.[17] The migration, replication, and interaction of alveolar macrophages, T cells, B cells, and mediators such as IL-1, IL-2, and type I interferon, act in a synergistic manner to produce the migration of 
monocytes and T cells from the blood to the lung and other parts of the airway, including the nose, leading to granuloma formation.

Management

The management of sarcoidosis is controversial, with most of the controversy centering on pulmonary involvement. Ocular involvement responds to cortisone-containing ophthalmic solutions. Involvement of the intranasal mucosa, 
epiglottis, and subglottis responds to aerosols containing cortisone. In more resistant cases, these areas respond to brief courses of systemic corticosteroids. Neuropathies, particularly of cranial nerves VII and VIII, should be treated with 
corticosteroids, to which they usually respond.

In patients with stage I pulmonary involvement, management is "watchful waiting" with periodic examinations. Seventy percent of patients will show spontaneous remission. Patients in stage II or stage III who do not show improvement 
spontaneously or show worsening 6 months after diagnosis should be treated with prednisone (40 mg) on alternate days. The patient is examined in 3 months, and the dose is altered according to response.

A subset of patients with persistently active or progressive sarcoidosis may be unresponsive to corticosteroids. Recently, low doses of methotrexate were shown to lead to improvement in symptoms, pulmonary roentgenographic changes, and 
improvement in function in a group of patients with progressive pulmonary and extrapulmonary sarcoidosis.

Churg-Strauss Syndrome

Churg-Strauss syndrome (CSS) is classified as a granulomatous vasculitis. It is defined as an eosinophil-rich,
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granulomatous inflammation and necrotizing vasculitis of the upper respiratory tract affecting small to medium vessels associated with asthma and eosinophilia. There are three phases of the disease: (1) a prodromal phase that may persist for 
years, consisting of allergic disease (e.g., allergic rhinitis and nasal polyposis, frequently followed by asthma); (2) peripheral blood and tissue eosinophilia, chronic eosinophilic pneumonia, or eosinophilic gastroenteritis; and (3) a life-



threatening systemic vasculitis. From the nasal point of view, it is usually associated with nasal polyps and does not have the diffuse mucosal destruction that typifies WG.

Histopathologically, CSS consists of prominent eosinophilia of vessels and perivascular tissue, accompanying leukocytes, plasma cells, and histiocytes in some patients. Vasculitis of the small arteries and veins is found in all patients, 
necrotizing extravascular granuloma appears in some patients, and in other patients fibrinoid necrosis of vessel wells is found. The morphologic difference between WG and CSS is that the coagulative or liquefactive necrotizing epithelioid 
granuloma in WG is morphologically different from the more fibrinoid, necrotizing epithelioid eosinophilic granuloma seen in CSS.

CSS responds well to corticosteroids. It does not respond to cyclophosphamide, as does WG. As would be expected, results of the c-ANCA and p-ANCA tests are always negative in patients having CSS.

INFECTIOUS SYSTEMIC DISEASES

Rhinoscleroma

In 1870, von Hebra coined the term rhinoscleroma. The cause was ascribed to a bacterium in 1882. The specific organism has been identified as Klebsiella rhinoscleromatis. Rhinoscleroma is a chronic granulomatous disease of the 
respiratory tract. Its frequency in the United States is increasing. It was initially described as a lesion involving the nose, but now it is known to also involve the larynx, trachea, and bronchi.

Nasal Involvement

Rhinoscleroma has several distinct stages of development. Initially, there is a catarrhal stage, characterized by foul-smelling, purulent rhinorrhea that persists for weeks or months. This is followed by the atrophic stage with large nasal 
plaques or crusts that are foul smelling and simulate the lesions in atrophic rhinitis. In the third stage, aptly named the granulomatous stage, multiple granulomatous nodules are found throughout the nose, pharynx, larynx, trachea, or bronchi. 
These nodules can enlarge and coalesce. During this stage, K. rhinoscleromatis is most frequently isolated and the pathologic changes are the most characteristic. Stage IV consists of fibrosis and stenosis—often complete stenosis of the 
nostrils. Occasionally, the fibrosis extends to the nasopharynx and the trachea.

Diagnosis

Diagnosis depends on a high index of suspicion and the finding of coalescent, enlarged granulomatous nodules at or near the nasal vestibule, usually diffuse and bilateral. Cultures of infected tissue yield K. rhinoscleromatis in 98% of cases; 
this is diagnostic. Identification of the Mikulicz's cell in biopsy specimens is not definitely pathognomonic because this cell can be found (though rarely) in other disorders.

Histopathologic Features

Rhinoscleroma is a chronic, granulomatous infection with characteristic fibrosis and eosin-staining Russell bodies. The hallmark is the vacuolated Mikulicz's cell, a large, foamy histiocyte that stains well with hematoxylin and eosin. During 
the granulomatous stage, the histopathologic changes are most characteristic and the Mikulicz's cell is easiest to identify.

Treatment

Streptomycin (1 g/day for 4 weeks) plus tetracycline (2 g/day) is the recommended treatment regimen for rhinoscleroma. A second course of this therapy is repeated after 1 month. Even during the acute or granulomatous stage, this will give 
a 60% to 70% cure rate. Corticosteroids and radiotherapy are not effective.

In stage IV of rhinoscleroma, when both nostrils are thickened and stenosed, in addition to antimicrobial therapy, the scar tissue can be "cored out" allowing the nose to reepithelialize. A Silastic stent can be used to accomplish this.

Tuberculosis

The increase in the incidence of tuberculosis is probably due to two main factors: an increased number of refugees and the occurrence of tuberculosis infections in patients who have some form of acquired immunodeficiency syndrome 
(AIDS). Even in previous years when tuberculosis was common in the United States, involvement of the head and neck was relatively uncommon. As a result, physicians often fail to suspect tuberculosis, and when the disease involves the 
head and neck the diagnosis is often delayed.

Nontuberculous Mycobacteria

The types of nontuberculous mycobacteria seen today are often called atypical.[14] [21] They differ from Mycobacterium tuberculosis in that they are less virulent, more likely to infect individuals who have
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altered host defenses, and less susceptible to standard antituberculosis drugs. In general, infection with nontuberculous bacteria most commonly represents primary infection. The most common infections caused by these nontuberculous 
mycobacteria are the following: (1) corneal ulcers caused by Mycobacterium fortuitum in which the pathogenesis is inoculation of the eye by contaminated dust or other foreign material; and (2) cervical lymph nodes infected by 
nontuberculous mycobacteria. The organisms most commonly responsible for this are Mycobacterium scrofulaceum, Mycobacterium szulgai, and Mycobacterium xenopi.

Clinical Aspects

Tuberculosis is a potentially lifelong chronic infection caused by two species of mycobacteria: M. tuberculosis and, rarely, Mycobacterium bovis. It almost always is initiated by inhalation of infectious material, rarely by injection, and more 
rarely still by cutaneous inoculation. Early in the infection, organisms in the bloodstream seek out the lymphatic system and other organs, leaving foci that may cause clinical illness after long latency periods. Mycobacteria are acid-fast, 
nonmotile, weakly gram-positive rods classified in the order Actinomycetales.

Nasal Involvement



Nasal tuberculosis, another rare form of the disease, usually affects the anterior septum or anterior part of the turbinates; the nasal floor is spared. Perforations of the cartilaginous portion of the septum occur. In the early stage of the disease, 
nasal discharge, pain, and partial obstruction are characteristic symptoms. Examination shows a red, nodular thickening, with or without ulceration. The disease has a rapid course, usually resulting in either perforation of the septum or 
scarring. In lupus vulgaris (an indolent and chronic form of tuberculosis of the nose), scarring is more severe.

Diagnosis

A history of previous tuberculosis or the finding of active pulmonary tuberculosis is extremely helpful in making the diagnosis of tuberculosis of the nose. In the earliest stages, however, the manifestations of nasal bleeding, crusting, or 
draining may be nonspecific. As in the other granulomatous diseases discussed, diagnosis depends on smears and cultures for acid-fast bacilli and histopathologic examination of an adequate biopsy specimen.

Management

Current recommendations include a 2-month course of therapy with three drugs: isoniazid, rifampin, and either streptomycin or ethambutol. After daily therapy for 2 weeks, the drugs can be given twice a week if the patient demonstrates 
response. Later, twice-weekly administration of isoniazid and rifampin is continued for 6 to 7 months. Baseline audiometric and bithermal caloric assessments should be performed and repeated periodically because of the ototoxicity of 
streptomycin.

Histoplasmosis

Although histoplasmosis, a granulomatous fungal disease, primarily involves the larynx and tongue, it can involve any part of the head and neck, including the nose.[4] [7] [14] 

Epidemiology

Histoplasmosis occurs most often in infants and in the elderly. Although it generally occurs equally in both sexes, elderly men are frequently affected. It has been reported in approximately 30 countries. In the United States it is endemic in 
the Missouri, Mississippi, and Ohio River valleys; here the incidence of past and current infections has reached 85%, as determined by skin testing. Humans and animals are infected by inhalation of the fungus in dust. Soil from chicken 
houses or from areas contaminated by bat or bird feces is especially rich in Histoplasma capsulatum organisms.

Mycology

In its yeast phase, the histoplasmosis cell is small (3 × 5 mm). In the mycelial phase, branched hyphae with projections called tuberculate conidia are evident. This phase occurs in the soil. The conidia contain the spores, and humans are 
infected by inhalation of these spores.

Nasal Involvement

Nasal involvement is accompanied by pulmonary involvement and characterized by cough, chest pain, and hoarseness. Chest radiographs show either a diffuse miliary or a localized type of infiltrate. The larynx and tongue are most 
frequently involved. Nasal involvement consists of either nodules or ulcers composed of masses of organisms in macrophages.

Diagnosis

In addition to positive microscopic identification of the organism, skin tests are useful for diagnosis. One drawback is the high incidence of positive cutaneous responders in endemic areas. The complement-fixation test is reliable because 
titers persist for long periods; a titer of 1:32 is diagnostic.

Histopathologic Features

Microscopically, the lesion is an epithelioid or histiocytic granuloma. The implicated organism can be
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identified by use of periodic acid-Schiff, Gridley, or Grocott-Gomori methenamine-silver nitrate stain. The capsule is a polysaccharide and stains poorly with hematoxylin and eosin. Organisms can be identified within the granuloma; 
however, fewer organisms are seen in the presence of a pronounced granulomatous reaction. In these cases, other methods of diagnosis, including culture and serology, are useful.

Treatment

The treatment for histoplasmosis is amphotericin B in a dose of 1 to 10 mg/day and progressing to 1 mg/kg for a total dose of 2 g administered during a 2- to 3-month period. This treatment has decreased the mortality rate in the United States 
to about 50 cases per year.

Rhinosporidiosis

Although rhinosporidiosis, a fungal infection, is usually seen in Asian and African countries, the disease has been found in the United States due to increased foreign travel and more influx of refugees from Asia.[13] This disease is caused by 
Rhinosporidium seeberi, which is a fungus-like organism not yet successfully grown in culture medium or transferred from a human to an animal host.[13] The disease is contracted by immersion in contaminated waters in Asia and Africa. 
Initially, the nasal mucosal lesion is flat and sessile, then it enlarges to become a painless polypoid growth that actually fills the nasal cavities. Management consists of complete surgical excision. No medical management has been found to 
be effective. Microscopically, pseudoepitheliomatous squamous cell metaplasia overlies numerous multisized, microscopic globular cysts called sporangia. In an accompanying granulomatous reaction of fibrous tissue, neutrophils, plasma 
cells, and lymphocytes are prominent.

Mucormycosis



Mucormycosis is an opportunistic disease that is extremely important to otolaryngologists. It is caused primarily by fungi of the order Mucorales and of the genera Mucor, Rhizopus, and Absidia. [9] Although most commonly seen in patients 
with poorly controlled brittle diabetes mellitus, it can occur in any patient who is immunosuppressed and who is in a state of metabolic bankruptcy. Initially, there is facial pain, fever, bloody nasal discharge, facial swelling, and edema. The 
disease progresses dramatically, with facial cellulitis, gangrenous mucosal changes in the nose and paranasal sinuses, obtundation, cranial nerve palsies, vision loss, and proptosis. Sometimes a rapid course leads to intracranial extension and 
death. Diagnosis is suggested by the combination of a rapidly progressive infection and a black, necrotic mass of tissue filling the nasal cavity, eroding the nasal septum, and extending through the hard palate in an immunocompromised 
patient.

The finding of broad, nonseptic hyphae (typical of Mucorales) on tissue sections stained with periodic acid-Schiff or Grocott-Gomori methenamine-silver nitrate stain confirms the diagnosis. The prognosis is poor, with a reported death rate 
as high as 50%.

Amphotericin B is the only effective antifungal drug treatment. Aggressive surgical débridement, when the patient's condition allows, is also helpful, along with control of the underlying medical disorder.

PERIPHERAL T-CELL NEOPLASMS

This chapter has already defined the characteristics of WG, the many ways in which sarcoidosis can appear, and the characteristics of nasal tuberculosis and fungal infections. This leaves the remaining lesion that causes nasal destruction, 
namely, T-cell lymphoma. T-cell lymphoma replaces previously used terms such as midline malignant or polymorphic reticulosis.

Clinical Diagnosis

In contrast to the diffuse nasal mucosal ulceration that typifies WG, lymphoma lesions are more likely to be unilaterally placed in the nose, with extension into the soft tissue of the nose, upper lip, oral cavity, and maxillary sinus, with or 
without orbital involvement. The lesions are "explosive," rapidly progressive, and attended by such breakdown of tissue that there is considerable associated superimposed infection by gram-negative organisms, as well anaerobic organisms. 
Comparing and contrasting with WG, the following are key points: (1) distribution of the ulceration is focal, localized, and explosive in T-cell lymphomas compared with the diffuse ulceration in patients with WG; (2) the systemic features 
and the lung infiltrates can be similar in both, but in T-cell lymphoma otologic, tracheal, and renal involvement is extremely uncommon; and (3) the main differences are found on morphologic examination. WG is typified by the vasculitis as 
previously discussed in this chapter, whereas T-cell lymphomas have a polymorphic lymphoid infiltrate with angiocentric and angioinvasive features.[19] The best way to examine biopsy material is with paraffin-embedded tissue techniques. 
For immunohistochemical studies, the phenotype of the atypical lymphoid cells in each case is assessed by using antibodies to leukocyte-common antigen CD45RB (Dako, Carpinteria, Calif); the B-cell lineage marker CD20 (L26, Dako); the 
T-cell lineage markers CD3 (polyclonal, Dako), CD43 (Leu-22, Becton Dickinson, San Jose, Calif), and CD45RO (UCHL-1, Dako); and the natural-killer marker CD57 (LEU-7, Becton Dickinson).
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EBV-RNA is detected by in situ hybridization in paraffin-embedded tissue with a biotinylated 30-base oligonucleotide that is complementary to EBER 1, a region of the EBV genoma that is actively transcribed in latently infected cells.

Treatment

Patients with localized disease can be treated with irradiation. Patients with multiorgan involvement are best treated with the help of hematologic colleagues by using a standard leukemia protocol. Regarding prognosis, in 1996 the author 
reported on 30 patients with T-cell lymphoma.[6] Twelve patients died of the disease with or without disseminated lymphomas, 10 were alive and free of disease at 5 years, and six died of other causes, free of disease. Two patients were lost to 
follow-up.
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Chapter 40 - EPISTAXIS

Douglas Massick 
Evan J. Tobin 

INTRODUCTION

Most episodes of epistaxis are minor in nature and do not come to the attention of medical personnel. Those that do alternate between the frequent office visit for mild intermittent episodes of anterior nasal bleeding to the more infrequent 
emergency room consult for a new onset of profuse anterior and posterior hemorrhage that cannot be stopped by emergency room personnel and that can, in fact, be life-threatening. The incidence of an episode of epistaxis during one's life-
time has been described as approximately 60%, with less than 10% of these requiring medical attention.[23] [32] Males are slightly more affected than females, although in individuals over the age of 50 years, the ratio is close to 1:1.[30] Another 
trend seen in clinical practice is that children and adolescents are more often afflicted with minor episodes of anterior nasal bleeding, whereas the incidence of severe posterior nasal bleeding is greater in those who are more than 50 years old.
[4] [8] 

PERTINENT ANATOMY

Terminal branches of the external and internal carotid arteries supply the mucosa of the nares with frequent anastomosis between these systems. The anterior nasal septum is the site of an abundant plexus of vessels called Little's or 
Kiesselbach's area, which is supplied by both systems ( Figure 40-1 and Figure 40-2 ). The venous drainage of the nares parallels the arterial supply. The terminal branches of the external carotid artery that supply the nares are the facial 
artery and the internal maxillary artery. The facial artery supplies the superior labial artery, which enters the nose lateral to the anterior nasal spine and supplies the anterior nasal septum.

The maxillary segment of the internal maxillary artery courses between the mandibular ramus and the sphenomandibular ligament. It passes either superficial or deep to the lateral pterygoid muscle. It then courses within the pterygomaxillary 
fissure to enter the pterygopalatine fossa (or pterygomaxillary space), and it terminates in the sphenopalatine, descending palatine, pharyngeal, pterygoid canal, infraorbital, and posterior superior alveolar arteries. The sphenopalatine and 
descending palatine supply the septal and lateral nasal tissue. In the pterygopalatine fossa, the maxillary artery is usually anterior-inferior to the maxillary and vidian nerves. The sphenopalatine artery enters the nasal cavity through the 
sphenopalatine foramen; it then divides into the nasopalatine artery and the posterior superior branch of the sphenopalatine artery. The nasopalatine courses medially over the inferior sphenoid bone to supply the nasal septum. The posterior 
superior branch of the sphenopalatine courses laterally from the sphenopalatine foramen to supply the middle and inferior turbinates. The maxillary segment also supplies the nares via the descending palatine artery. This artery descends 
through the greater palatine canal and becomes the greater palatine artery. It then courses anteriorly to enter the incisive foramen to supply the anterior nasal septum.

The internal carotid artery supplies the nasal mucosa via the ethmoid branches of the ophthalmic artery. The ophthalmic artery is the first branch of the internal carotid. It enters the orbit through the optic canal and then divides into numerous 
branches. The posterior ethmoidal artery branches from the ophthalmic in the orbit and enters the posterior ethmoid canal. The artery then passes into the anterior cranial fossa between the fovea ethmoidalis and the cribriform plate. It enters 
the nasal cavity and divides into lateral and medial branches. The posterior ethmoidal artery has been found to be absent in 31% of cadaver dissections.[9] The anterior ethmoid artery branches from the ophthalmic artery in the orbit and enters 
the anterior ethmoid canal. It again crosses the ethmoid sinus to enter the anterior cranial fossa between the fovea ethmoidalis and the cribriform plate. It then
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Figure 40-1 Blood supply of the lateral nasal wall. (From Emanuel JM: Epistaxis. In Cummings CW and others, editors: Otolaryngology—head & neck surgery, ed 3, St. Louis, 1998, Mosby, p 854, Figure 45-1.) 

 

Figure 40-2 Blood supply of the nasal septum. (From Emanuel JM: Epistaxis. In Cummings CW and others, editors: Otolaryngology—head & neck surgery, ed 3, St. Louis, 1998, Mosby, p 855, Figure 45-2.) 

 

TABLE 40-1 -- LOCAL CAUSES OF EPISTAXIS

Traumatic

••Nasal fracture with disruption of the nasal mucosa

••Nasal surgical procedures

••Nasal intubation

••Digital trauma (consider obsessive-compulsive disorder in adults)

••Antihistamine and steroid nasal sprays

••Cocaine, snuff, and heroin sniffing

••Nasal oxygen or continuous positive airway pressure

••Nasal foreign bodies

Structural

••Nasal septal deformity (deflections and spurs)

••Septal perforations

Inflammatory disease

••Viral upper respiratory infections

••Bacterial sinusitis

••Allergic rhinitis

••Pyogenic granuloma



••Granulomatous diseases (Wegener's granulomatosis, tuberculosis, sarcoidosis, syphilis)

••Environmental irritants (cigarette smoking, chemicals, pollution)

Tumors/vascular malformations

••Angiofibroma

••Aneurysms

••Epidermoid carcinomas

••Nasal papilloma

••Adenocarcinoma

••Encephalocele

••Esthesioneuroblastoma

••Hemangioma
 
 

TABLE 40-2 -- SYSTEMIC CAUSES OF EPISTAXIS

Coagulation deficits

••Thrombocytopenia

••Acquired coagulopathies

••Congenital coagulopathies

••Vitamin A, D, C, E, or K deficiency

••Liver disease

••Renal failure

••Chronic alcohol abuse

••Malnutrition

••Polycythemia vera

••Multiple myeloma

••Anticoagulant drugs (aspirin, nonsteroidal antiinflammatory drugs, heparin, Coumadin)

••Leukemia

Vascular disease

••Arteriosclerotic

••Collagen abnormalities

••Hereditary hemorrhagic telangiectasia

Cardiovascular conditions that increase venous pressure (congestive heart failure, mitral valve stenosis)

Hypertension (unproven relationship)
 
Local Causes

The incidence of epistaxis is greatly increased during the winter months.[30] The effect of decreased ambient humidity leads to reduced nasal humidification. This subsequently reduces local wound healing mechanisms, and any local traumatic 
or inflammatory event has an increased ability to disrupt the nasal mucosa. One author described a high incidence of symptoms of nasal discharge, congestion, and sneezing in patients presenting with epistaxis, which suggests that this local 
inflammation serves as a contributing factor for the onset of epistaxis.[21] Furthermore, certain bacterial strains colonizing the nasal cavity can produce fibrinolytic enzymes that reduce the body's clotting ability.[23] By far the most common 
cause of epistaxis in the pediatric population is a combination of local digital trauma and the mucosal effect of reduced humidification during the winter months. Nasal septal deflections and spurs create airway turbulence and subsequently 
have a drying effect on the nasal mucosa anterior to the septal deformities. Fractures involving the nasal bones and cartilage often disrupt the nasal mucosal. Epistaxis that is delayed after maxillofacial trauma should arouse suspicion of 
posttraumatic aneurysms, which present an average of 7 weeks after the trauma.[4] Epistaxis after nasal surgery (e.g., septoplasty, turbinate reduction, endoscopic sinus procedures) is not uncommon. Epistaxis that is recurrent
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should prompt consideration for a benign or malignant neoplasm of the nasal cavity, sinus, or nasopharynx.

Systemic Causes



The literature that examines populations predisposed to severe epistaxis has highlighted those patients who are more than 50 years old.[8] These individuals more commonly present with severe epistaxis that remains refractory to local 
measures of abatement. This finding probably represents the effect of endothelial degeneration, atherosclerotic changes, and other systemic causes that are seen with increased frequency in the older population. The role of hypertension in 
epistaxis has been debated in the literature.[20] [32] No clear association between hypertension and the frequency or severity of epistaxis has been shown, although, intuitively, that relationship is plausible.

Coagulation disorders, whether congenital or acquired, should be considered in those individuals with a history of prolonged bleeding from minor wounds, easy bruising, or a family history of bleeding disorders. A recent study found that 
46% of individuals presenting with severe epistaxis exhibited a prolonged bleeding time.[18] The most common familial bleeding disorder, von Willebrand's disease, often presents with frequent episodes of epistaxis that are difficult to control 
with local measures; hemophilia A and B can have similar presentations. Acquired bleeding disorders, whether drug or disease related, are often established by a review of the patient's past medical history. Platelet counts below 20,000/mm3 
are associated with spontaneous bleeding. Medications and diseases that affect platelet function and quantity reduce the body's ability to respond to local trauma. Chronic ingestion of alcohol has an independent effect on the function of 
platelets, and there is an associated increased bleeding time despite adequate platelet quantity and normal liver function. Chronic renal failure and associated uremia have a similar effect on platelet function. Coagulation factor deficiencies 
are directly associated with the frequency and severity of epistaxis. The use of aspirin and other nonsteroidal antiinflammatory drugs, by altering the cyclooxygenase pathway, has been associated with the occurrence of epistaxis.[12] 
Deficiencies in vitamin K, whether from liver disease, medications, or diet, reduces the synthesis of factors II, VII, IX, and X.

Another systemic disease that often presents as recurrent and severe epistaxis is hereditary hemorrhagic telangiectasia (HHT), which is also called Osler-Weber-Rendu disease. The inheritance pattern is autosomal dominant with incomplete 
penetrance in a minority of individuals; the reported incidence is between 2 and 4 per 100,000. This entity involves diffuse mucocutaneous telangiectasias and arteriovenous malformations as a result of a lack of elastic tissue and smooth 
muscle in the vascular endothelium. The most frequent presenting symptom of HHT is epistaxis. In the nares, the subsequent fragility of the submucosal capillaries and resultant telangiectasias lead to spontaneous episodes of epistaxis. One 
author noted a 93% incidence of epistaxis with HHT, with the onset of epistaxis occurring at 12 years old and most individuals averaging 18 episodes per month without therapy.[1] These individuals often have a history of multiple 
transfusions for anemia as a result of uncontrolled epistaxis. Before the institution of effective means of control in the 1960s, it was not uncommon to have patients undergo more than 200 transfusions over their lifetimes.[22] Evaluation of 
these patients for possible pulmonary and cerebral arteriovenous malformations is necessary.

DIAGNOSIS AND TREATMENT

History

Initial evaluation of the patient with epistaxis first involves an assessment of the hemodynamic stability and potential airway compromise of the patient, including a quick visual assessment and a review of vital signs and any laboratory 
studies that may have been obtained. Although the vast majority of cases of epistaxis do not result in significant compromise of the cardiopulmonary system, this should not be assumed, especially in elderly or debilitated patients.

After it has been determined that the patient is not in extremis, a complete history should be obtained; this includes questioning the patient about the side of bleeding. If the bleeding has been bilateral, the patient should be asked if one side 
has been heavier or more frequent than the other. Signs of possible posterior epistaxis (e.g., copious amounts of expectorated blood, hematemesis) should be elicited. The patient should be questioned about possible precipitating events, 
including trauma or the use of intranasal medications (illicit or otherwise). The patient should be asked about the duration, amount of bleeding, and previous history of bleeding. If the patient has sought prior medical attention for epistaxis, 
those treatments should be ascertained. If the bleeding has been severe or recurrent, the patient should be asked about symptoms that are suggestive of cardiovascular compromise, including syncopal or near-syncopal episodes. Obviously, if 
the epistaxis was the result of trauma, other potentially affected areas should be addressed in the history, with special attention paid to the ABCs of trauma management (control of airway, bleeding, circulation/C-spine).

The patient's past medical history is often non-contributory, but it is sometimes critically important and should therefore always be obtained. Questions
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pertaining to risk factors discussed above should be asked. These include medical conditions that are associated with coagulopathy or increased bleeding tendency, such as renal failure, liver dysfunction, poorly controlled hypertension, and 
hematologic disorders (hemophilia, von Willebrand's disease, leukemia, HHT). Medications should be reviewed. Special attention should be given to medications that affect the clotting cascade; these include aspirin, ibuprofen, Coumadin, 
heparin, various antiplatelet medications, and vitamins and supplements that may be associated with prolonged bleeding time (especially high doses of vitamin E). The cyclooxygenase-2 inhibitors do not seem to affect clotting to an 
appreciable degree at usual dosages in most people. Antihypertensive medications and medications that affect cardiac rhythm and catecholamine catabolism (e.g., monoamine oxidase inhibitors) should be reviewed, because these may 
interact with topical anesthetics and vasoconstrictors given during treatment. Previous nasal trauma or surgery is noteworthy. A positive family history of bleeding tendencies or hemophilia may be relevant. Sensitivities or allergies to 
medications need to be considered before the initiation of treatment. Patients with known allergies to amino ester anesthetics (e.g., Novocaine) should be assumed to be allergic to cocaine and other amino ester anesthetics and possibly to the 
amino amides (e.g., lidocaine). Finally, psychosocial history should be considered, because some patients may not be appropriately treated in the emergency department or office setting.

Physical Examination

Most of this section discusses the examination of the patient with active or recent bleeding in the urgent care or emergent care setting. The principles outlined below also pertain to the patient who presents to the outpatient setting with 
nonactive, recurrent epistaxis. Special mention, however, must be made regarding young children presenting with recurrent epistaxis. Obviously, examination may be limited by lack of patient cooperation. Usually, however, an adequate 
examination of the anterior nasal cavity is possible with a headlight and pediatric nasal speculum or an otoscope with a large (adult-sized) tip. This will allow for visualization of the anterior septal mucosa, which is the most likely source of 
bleeding.

The physical examination of the patient with active or recent epistaxis is usually done with the expectation of proceeding directly to treatment and should therefore be approached with this in mind. Proper equipment is essential and should be 
promptly ordered to the patient's bedside, assuming the patient is not already in an ear, nose, and throat treatment area. The otolaryngologist should request this equipment at the time of consultation to avoid a delay in evaluation and 
treatment upon arrival. In addition to the described equipment, several pharmacologic agents should be available; these include topical vasoconstrictors and anesthetics and injectable 1% lidocaine with 1:100,000 epinephrine. Topical 
antibiotic ointment is also necessary to coat the nasal packing. Ointment without neomycin is preferable, because as many as 7% of patients may be sensitive to neomycin. Creating an "epistaxis tray" for the emergency department is a 
worthwhile endeavor. Required equipment is listed in Table 40-3 .

Universal precautions are followed that require proper gowning, eye protection, and surgical mask for all of the personnel that are immediately involved in treatment. The patient should be draped, keeping in mind that a heavy occlusive 
drape may make the patient uncomfortable, thereby decreasing his or her tolerance to evaluation and treatment.



 
TABLE 40-3 -- SUPPLIES AND EQUIPMENT FOR THE EVALUATION AND TREATMENT OF EPISTAXIS IN THE URGENT CARE SETTING

Personal protective supplies

••Mask

••Gown

••Eye protection

Wall suction and tubing

Frazier tip suctions, size 10 and 12 French

Headlight

Nasal speculum

Bayonet forceps

Cotton or neurosurgical cottonoid sponges

Silver nitrate cautery sticks

Packing materials

••Merocel nasal sponges (Merocel Corporation)

••Vaseline strip gauze (Sherwood Medical)

••Gelfoam (Upjohn Company)

••Surgicel (Johnson & Johnson)

Suction cautery unit

0- and 30-degree rigid nasal endoscopes with light source

Optional loupe magnification

Vasoconstrictors and anesthetics

••4% or 10% cocaine (combination anesthetic/decongestant)

••0.5% to 1% phenylephrine

••2% topical lidocaine solution

••1% injectable lidocaine with 1:100,000 epinephrine

Antibiotic ointment (without neomycin)

Tongue blades

Two 10-cc syringes with 18- and 27-gauge needles
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Although evaluation and treatment of epistaxis are discussed separately, the physical examination often includes intervention, which is often treatment oriented. Evaluation ideally requires the participation of a medical assistant (if available) 
and the cooperation of the patient. The patient should be reassured and given a careful explanation of the planned evaluation and possible treatment. The otolaryngologist should remember that the patient is likely quite anxious and may have 
already been subjected to uncomfortable intervention by the emergency room or urgent care physician. The patient should be told that anesthetics will be used but that there may still be some discomfort. Confidence and compassion on the 
part of the physician will be perceived and appreciated by the patient and family. Obtaining proper consent for the planned intervention is also required.

The patient should be positioned upright in an ear, nose, and throat examination chair or in bed, and he or she should be covered from the neck down with a protective drape. Evaluation begins with an otolaryngologic examination; realize 
that indirect visualization of the nasopharynx, larynx, and hypopharynx may be compromised by the bleeding. Although the clinician may be tempted to proceed directly to examination of the nasal cavity, inspection of the oral cavity, ears, 
and neck may yield diagnostic clues about an underlying condition related to the epistaxis. These findings may include petechiae as a result of thrombocytopenia, telangiectasias as a result of HHT, middle ear effusion as a result of a 
nasopharyngeal angiofibroma, erosive lesion of the hard palate, or neck mass as a result of sinonasal malignancy.

Examination of the nose begins with inspection of the external nose, which is usually unremarkable but should not be overlooked. Intranasal examination is begun only after all instruments and supplies have been laid out and inspected. The 
nasal cavity should first be evacuated of clots with the Frazier tip suction and forceps. Older, well-formed clots may be more difficult to remove than fresher clots, because they do not go through the suction tip and are not easily grasped with 
the forceps. The clots may need to be broken up with the bayonet forceps and removed piecemeal with the suction; patience is required. The patient should be warned that a clot may fall posteriorly requiring expectoration. After the anterior 
nasal cavity is clear, inspection for the bleeding site in this location should be made. If it is not identified, the anterior nasal cavity should be topically anesthetized and decongested with either a combination of topical 4% lidocaine and 
phenylephrine or 4% cocaine-soaked cottonoids. This should be done with the goal of improving visualization and patient comfort. If there is still active bleeding and/or more clots posteriorly, this will need to be repeated after the posterior 
nasal cavity is cleared of clots. Although toxicity of these medications must be considered (especially cocaine), in reality most of the medications are not absorbed or swallowed, thereby making the quantification of medications difficult. 
Vital signs and the patient's mental status should be frequently assessed. Some patients may become nauseous, lightheaded, or even syncopal during instrumentation of the nasal cavity; this is usually secondary to a vagal response. Although 



this can usually be mitigated by adequate local anesthesia, patients with a strong vagal response may not be well suited to evaluation and treatment without light sedation or even general anesthesia.

After the anterior nasal cavity has been evacuated, anesthetized, decongested, and inspected, the posterior nasal cavity is addressed. Again, this involves the careful removal of clots and continued inspection for bleeding sites. If the patient 
has been recently treated, it may be difficult to discern whether a bleeding site is primary or the result of trauma from previous treatment. Occasionally a large clot will be encountered in the posterior nasal cavity extending into the 
nasopharynx; these clots may be difficult to remove. Again, the patient must be informed that he or she may feel the clot slip posteriorly and should expectorate it if this occurs. Obviously, if the patient's ability to cooperate is in question, the 
clots may need to be removed under general anesthesia, thereby minimizing risk of airway obstruction. As with the anterior nasal cavity, after the posterior nasal cavity has been thoroughly cleared, it should be topically anesthetized and 
decongested. The contralateral nasal cavity is addressed in a similar fashion, if necessary.

In some cases, the removal of clots and topical vasoconstriction will result in the cessation of bleeding. Because this may only be temporary, careful examination and intervention may still be required. The mucosal surface of the anterior 
septum should be carefully inspected with a headlight and, preferably, loupe magnification. If the bleeding source is identified here, it should be treated as described below. If the bleeding source is not identified anteriorly, the poster nasal 
cavity must be examined; this is done with a combination of a headlight and nasal endoscopy (if available). Rigid is preferable to flexible nasal endoscopy in most cases, because it employs better optics and may be done simultaneously with 
instrumentation (because only one hand is needed for use). At times, rigid and flexible endoscopy may be complimentary. If there is no active bleeding, the examiner must carefully look for signs of recent bleeding or prominent vascularity 
that may represent the source of bleeding.
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Laboratory Studies

Laboratory studies should be obtained in cases of recurrent or severe epistaxis. A complete blood count may demonstrate anemia if the epistaxis has been severe or chronic. If the complete blood count is performed near the time of an acute 
episode of epistaxis, dehydration and increased hemoconcentration may skew the measured values. Thrombocytopenia can be diagnosed with a platelet count. Bleeding-time analysis is warranted if concerns about disorders of platelet 
function (e.g., von Willebrand's disease, uremia, alcohol abuse) are present. Patients currently receiving Coumadin or heparin therapy should have a prothrombin time or partial thromboplastin time, respectively. Consultation with a 
hematology colleague is advised if concern about blood dyscrasias is high to allow for more specialized testing recommendations.

Imaging Studies

In general, imaging studies are not routinely obtained for the diagnosis and management of epistaxis. If the history raises suspicion of unusual pathology, then imaging may be worthwhile. For example, an adolescent male with frequent, 
severe epistaxis should arouse suspicion of a juvenile nasopharyngeal angiofibroma. If the physical examination is inadequate to rule out or confirm this, imaging is indicated. This may include computed tomography (CT) scan (with and 
without contrast), magnetic resonance imaging or angiography, and possibly carotid angiography. Concern about a possible sinonasal malignancy would warrant a CT scan. A patient with a known history of HHT presenting with active 
epistaxis and hemoptysis should raise concern about pulmonary hemorrhage and prompt a chest x-ray or CT scan. Finally, when arterial embolization has been chosen as a therapeutic option for persistent epistaxis, diagnostic angiography of 
the carotid system precedes the embolization procedure, as described below.

TREATMENT OF EPISTAXIS

Treatment of epistaxis may be viewed as a continuum ranging from no intervention with only conservative treatment recommendations to invasive surgical and angiography procedures. Between these two extremes are intermediate 
procedures, such as nasal pacing and cautery, which technically speaking are invasive but are still viewed as conservative, especially when performed in the clinic or emergency room setting. Because risk to the patient and treatment cost 
both increase along this continuum, less-invasive treatment options are generally attempted first. In general, less-invasive intervention is successful for the management of anterior epistaxis, and more invasive procedures are required for 
posterior epistaxis. Table 40-4 outlines the various treatments used for the management of epistaxis. Although the management of epistaxis must always be individualized, Marks has described useful protocols for the management of acute 
and recurrent epistaxis ( Figure 40-3 and Figure 40-4 ). [17] 

Conservative Treatment

Medical Management

Medical management may be employed for cases of mild, recurrent epistaxis without active bleeding. Treatment consists of recommendations intended to minimize or eliminate the initiating or exacerbating factors leading to the epistaxis, 
which usually originate at Kiesselbach's plexus. This first involves limiting trauma, whether it is frequent cleaning with tissue or digital trauma. Nasal hydration with saline mist, nasal gels, and ointment is often effective but requires 
diligence. Improved hydration is beneficial. Increasing the ambient humidity with a bedroom humidifier or vaporizer is often recommended. Special attention should be given to middle-age adults without other risk factors for epistaxis. Some 
patients with obsessive-compulsive tendencies may frequently clean their nose, thereby leading to recurrent bleeding and even septal perforation. Hematology consultation is required for patients with bleeding dyscrasias or coagulopathies.

Information should also be given about what measures can be taken at home for an acute bleed.  

TABLE 40-4 -- MANAGEMENT OF EPISTAXIS

Medical management

Nasal packing

••Traditional anterior pack

••Nasal sponges

••Gelfoam

••Traditional posterior pack



••Nasal balloon

Cautery

••Silver nitrate

••Endoscopic electrocautery

••Laser cautery

Embolization

Ligation

••Transantral ligation of the internal maxillary artery

••External ligation of the ethmoid arteries

••Endoscopic ligation of the sphenopalatine artery

Surgery

••Septoplasty

••Septal dermoplasty

From Marks SC: Nasal and sinus surgery, Philadelphia, 2000, Saunders, p 454, Table 22-2.
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Figure 40-3 Management protocols for acute epistaxis. (Adapted from Marks SC: Nasal and sinus surgery, Philadelphia, 2000, Saunders, p 456, Figure 22-1.) 

 

Figure 40-4 Management protocols for chronic or recurrent epistaxis. (Adapted from Marks SC: Nasal and sinus surgery, Philadelphia, 2000, Saunders, p 456, Figure 22-2.) 

 

Figure 40-5 Placement of traditional anterior nasal packing. (Adapted from Marks SC: Nasal and sinus surgery, Philadelphia, 2000, Saunders, p 458, Figure 22-3.) 



 

Figure 40-6 Placement of a nasal sponge. (Adapted from Marks SC: Nasal and sinus surgery, Philadelphia, 2000, Saunders, p 459, Figure 22-4). 

 

Figure 40-7 Posterior nasal packs. (From Emanuel JM: Epistaxis. In Cummings CW and others, editors: Otolaryngology—head & neck surgery, ed 3, St Louis, 1998, Mosby, p 858, Figure 45-5.) 

 

Figure 40-8 Placement of a nasal balloon. (Adapted from: Marks SC: Nasal and sinus surgery. Philadelphia, 2000, Saunders, p 462, Figure 22-6.) 



 

Figure 40-9 Positioning of a balloon (Foley catheter) posterior pack. (Adapted from Schaefer SD: Rhinology and sinus disease: a problem-oriented approach, St Louis, 1998, Mosby, p 47, Figure 3-6.) 

 

Figure 40-10 Incision used in intraoral approach to maxillary artery. (Adapted from Maceri DR: Epistaxis and nasal trauma. In Cummings CW and others, editors: Otolaryngology—head & neck surgery, ed 2, St Louis, 1993, Mosby, p 732, 
Figure 40-7.) 

 

Figure 40-11 Transantral ligation of maxillary artery showing anatomic landmarks. (Adapted from Maceri DR: Epistaxis and nasal trauma. In Cummings CW and others, editors: Otolaryngology—head & neck surgery, ed 2, St Louis, 1993, 
Mosby, p 732, Figure 40-8.) 



 

Figure 40-12 Transantral view of the pterygomaxillary space. (Adapted from Kuhn FA: Refractory posterior epistaxis. In Gates GA, editor: Current therapy in otolaryngology head and neck surgery, ed 6, St Louis, 1998, Mosby, p 332, 
Figure 2.) 
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Chapter 41 - NASAL FRACTURES

Burke E. Chegar 
Sherard A. Tatum 

OVERVIEW

The prominence and delicate structure of the nose make it vulnerable to a broad spectrum of injury, which accounts for why it is the most frequently fractured facial bone. * Sports, falls, and assaults are the usual mechanisms responsible for 



the majority of nasal fractures, with alcohol consumption being an important contributing factor in many cases. † Males are affected approximately twice as often as females in both the adult and pediatric populations, with a peak incidence 
occurring during the second and third decades of life. ‡ Deformity, swelling, epistaxis, and periorbital ecchymosis are signs that are suggestive of nasal fracture, whereas bony crepitus and nasal segment mobility are diagnostic.

Although these injuries often do not often appear to be severe, the mistake of undertreating nasal trauma can lead to significant long-term problems. External deformity, nasal obstruction, septal perforation and other complications (e.g., 
chronic sinusitis) often persist and sometimes worsen months or years after the original insult. Injuries in children may also lead to devastating growth retardation of the nose and midface. Thoughtful assessment and proper management of 
nasal injuries can reduce the risk of these sequelae, thereby reducing the need for delayed corrective septorhinoplasty.

ANATOMY

The bony vault is a pyramid-shaped structure that is composed of paired nasal bones centrally and the frontal processes of the maxilla laterally. Ossification of these bones via intramembranous bone formation starts at the end of the third 
trimester and continues for years after birth.[43] Superiorly the thickness of the nasal bones is greater above the level of the intercanthal line as they taper upward toward the nasofrontal suture. Below the intercanthal line, the thinner nasal bone 
projects anteriorly to join with the upper lateral cartilages at an externally defined midline point known as the rhinion ( Figure 41-1 ). On the inner surface of the nose, the perpendicular plate of the ethmoid fuses in the midline with the nasal 
bones to provide additional support to the nasal pyramid; this construct creates a tent-like structure, with the ethmoid plate representing a pole and the nasal bones representing the side walls of the tent. This interrelationship helps to explain 
the susceptibility of the septum to injury by the transmitted forces from the external nose to the perpendicular plate of the ethmoid ( Figure 41-2 ).

The midportion of the nose is composed of the upper lateral cartilages and the dorsal segment of the quadrangular cartilage. Made up of hyaline cartilage, these structures are fused as a single unit, with only the lower third separated by 
fibrous tissue.[49] The cephalic ends of the upper lateral cartilages are overlapped by the nasal bones by as much as 11 mm and secured with a solid fibrous union referred to as the keystone area ( Figure 41-3 ).[60] Laterally the upper lateral 
cartilages do not articulate with the bony pyramid; rather, they are attached to the frontal process of the maxilla by a fibrous aponeurosis in which the sesamoid cartilages can be found. Therefore, the preservation of the attachments of the 
upper lateral cartilages with the nasal bone and the septum is crucial to prevent destabilization.

The lower third of the nose is formed primarily by the alar cartilages in addition to the accessory cartilages and fibrous fatty connective tissue that define the nostrils laterally. The alar cartilages are bilobed structures composed of medial and 
lateral crura with an intervening middle segment (intermediate crus) that

*References [1] [12] [14] [29] [32] [35] [36] [55] [65] [67] [83] . 
†References [2] [16] [17] [25] [36] [45] [52] [54] [55] [66] . 
‡References [2] [9] [10] [16] [25] [52] [55] . 
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Figure 41-1 The intercanthal line demarcates the transition point between thicker nasal bone superiorly and thinner bone inferiorly. Most nasal fractures will occur below this level. 

 

Figure 41-2 Transmitted forces from a lateral nasal bone impact resulting in fracture of the perpendicular plate of the ethmoid. 

 

Figure 41-3 The strong fibrous connection between the nasal bones and the upper lateral cartilages (keystone area) provides stability to the middle third of the nose. 



 

Figure 41-4 Sensory innervation of the external nose. 

 

Figure 41-5 Examples of nasal fracture patterns. 

 

Figure 41-6 Stranc and Robertson[71] classification of frontal impact injury. A, Lateral view of planes 1, 2, and 3. B, Plane 1 injury. C, Plane 2 injury. D, Plane 3 injury. 



 

Figure 41-7 A C-shaped septal fracture is commonly found with nasal fractures deviated by at least half the width of the nasal bridge. 

 

Figure 41-8 Algorithm for the management of nasal trauma. 



 

Figure 41-9 Equipment and medications commonly used for closed nasal reduction. Boies (top right) and Joker elevators (below Boies) provide good control and tactile feel during nasal bone manipulation. Asch forceps (far right) are used 
to disimpact and reduce septal fractures. 

 

Figure 41-10 Closed nasal reduction. After marking the distance of the intercanthal line on the elevator with a thumb, the tip of the instrument is used to reduce the medialized fragment. The opposite thumb may simultaneously reduce a 
contralateral outfractured nasal bone. 

 



Figure 41-11 Closed septal reduction using Asch forceps. 

 

Figure 41-12 Two examples of surgical approaches that are used for open nasal repair. A, Bicoronal incision. B, "Open sky" incision. 

 

Figure 41-13 A cantilever bone graft secured proximally to an unfractured nasal bone with a lag screw. The distal tip of the graft is tucked under the cephalic ends of the lateral crus. 

 

Figure 41-14 Alternative nasal reduction methods. A, After a mucoperiosteal tunnel is developed underneath the nasal bone, a temporary wire is placed under the reduced fragment. B, Percutaneous Kirschner wires secure the mobile 
fragment to stable bone after reduction. 
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Chapter 42 - ALLERGIC RHINITIS

Richard L. Mabry 
Bradley F. Marple 

INTRODUCTION

Although not as glamorous as its surgical counterparts, the management of allergic rhinitis constitutes a large proportion of the day-to-day practice of the general otolaryngologist. In addition to its primary effect, inhalant allergy of the upper 
respiratory tract might affect the development and clinical course of other disease states such as sinusitis, otitis media, and asthma. Indeed, it has been said that (excluding trauma and malignancies) allergy might represent a primary or 
secondary factor in up to half the patients encountered in an otolaryngology practice. In 1996,[21] it was estimated that almost 36 million individuals in the United States were afflicted with allergic rhinitis. Other statistics are equally 
impressive: a cost of $1.3 billion per year in medical and drug expenses in 1994, with almost 2 million days per year lost from work or school because of allergic rhinitis.[16] Thus, the importance of allergic rhinitis should not be minimized, 
either by the patient or the treating physician.

THE IMMUNOLOGY OF ALLERGY

Proper diagnosis and treatment of allergic rhinitis involves an understanding of the basic mechanisms of the disease process. More detailed information on the immunology of allergy is available in textbooks devoted entirely to the subject; 
what is presented here is a simplified summation of this complex subject.

The primary characteristic of the immune system is the recognition of "nonself," coupled with a "memory." The function of the immune system involves T and B lymphocytes and soluble substances called cytokines that act inside and 
outside the immune system to affect it and a multiplicity of mediators. Gell, Coombs, and Lachman[5] described four types of hypersensitivity reactions: immediate (or anaphylactic), cytotoxic, immune complex, and delayed. Others have 
suggested the addition of two more types (stimulating antibody and antibody-dependent, cell-mediated cytotoxicity). Allergic rhinitis involves primarily a Gell and Coombs type I immediate hypersensitivity reaction. Because various 
therapeutic modalities work at different points within this reaction, it is important for the clinician to have a general understanding of it. In addition, this type of reaction (anaphylactic) might be encountered in hypersensitivity reactions to 
drugs, contrast dyes, and insect stings, and all practitioners should be familiar with its characteristics to recognize and treat it appropriately.

"Allergy" requires repeated exposures to an antigen for the formation of antibodies. In the case of respiratory allergy, this involves presentation of the relevant antigenic material from an allergen by an antigen-presenting cell (macrophage) to 
B lymphocytes. Each person's B cells are capable of displaying millions of uniquely configured antibody sites. These cells, under the influence of various cytokines (generated in part by T lymphocytes), produce allergen-specific 
immunoglobulin E (IgE). It has been estimated that a minimum of five such antigen exposures are required to produce sensitization.[9] 

In type I hypersensitivity, an antigen bridges two adjacent allergen-specific IgE molecules attached to a mast cell or basophil, resulting in a dissolution of the cell and liberation of both preformed (e.g., histamine) and newly formed (e.g., 
prostaglandins, leukotrienes) mediators of inflammation. These produce glandular stimulation, vasodilation, increased vascular permeability, and irritation, which are responsible for the typical symptoms of itching, sneezing, rhinorrhea, and 
congestion. The acute reaction takes place within a few minutes of the antigen-antibody reaction. Approximately 4 to 6 hours later, under the influence of various cells and cytokines, a late-phase reaction occurs that results in a recrudescence 
of symptoms.

OFFENDERS AND SEASONS

The allergens that generally produce allergic rhinitis have traditionally been classed as "seasonal" or "perennial" offenders. The former group consists primarily of
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pollens (grasses, weeds, trees), whereas the latter includes dust mites, molds, animal danders, and cockroaches. In addition to these, some patients demonstrate allergy to other unusual plants, animals, and fibers. However, in most patients, 
testing may be confined to a small and well-defined group of antigens.

Seasonal Antigens

Seasonal antigens are pollens, and the pollinating seasons for these offenders will vary significantly with the geographic area involved. As a general rule, the sequence proceeds from grasses (in the spring) to trees (in the spring, with the 
exception of mountain cedar in the winter), to weeds (generally pollinating in the fall). In some temperate climates, offenders elsewhere classed as seasonal might be essentially perennial offenders.

All allergens are not equipotent in their ability to produce symptoms. On a milligram-for-milligram basis, the most potent seasonal antigens are grasses, followed by weeds, then trees (angiosperms being more potent than gymnosperms).

Perennial Antigens

As the term implies, perennial antigens are those that might be present regardless of season. These include molds, dust mites, and animal danders. This group is sometimes expanded to include "dust." The composition of commercial dust 
antigen is highly variable (dust mites, animal danders, kapok and other fibers, insect parts, and molds) and is therefore not readily standardized between lots and manufacturers.

Despite the designation, some perennial antigens are more prevalent during certain times of year. Dust and dust mites, for instance, have a "season" that is the converse of the baseball season, with symptoms beginning in the fall, peaking 
during the winter, and declining in early spring.

The primary dust mites in the United State are Dermatophagoides pteronyssinus and Dermatophagoides farinae. These tiny mites live on skin scales and other debris and thrive in warm (65° to 80°F) and humid (at least 50%–70% relative 
humidity) circumstances. Their allergen is found in the fecal pellets they deposit. Significant reservoirs of dust mites include bedding, mattresses and pillows, carpets, upholstered furniture, and stuffed toys.

Molds (members of the fungi imperfecta) might be an indoor or outdoor allergen. Although outdoor mold levels drop precipitously with freezing weather, indoor mold levels remain fairly constant and might actually increase indoors when 
conditions of warmth and moisture are present. Significant reservoirs of mold include indoor houseplants, compost piles, leaves, and refrigerator drip pans.

It is not necessary to come in direct contact with animals to be exposed to their danders. The prime example is cat dander, which is extremely light and clings stubbornly to reservoirs such as clothing, bedding, and upholstered furniture. 
Studies have shown cat dander in homes and offices where no cat has ever been because of dander carried on the clothes of individuals exposed to cats.[4] Similar problems might occur with horse dander on the clothing of trainers or riders, as 
well as on horse blankets.

The cockroach is an often-overlooked perennial allergen. Decomposing body parts of this insect are frequently found in older homes, schools, and other buildings (even those that are clean and well maintained). Cockroach sensitivity might 
be a significant contributor to asthma and rhinitis.

SYMPTOMS AND SIGNS OF ALLERGIC RHINITIS

The characteristic symptoms and signs of allergic rhinitis are easily understood if one keeps in mind the effects of the mediators released by mast cells and basophils as a result of a Gell and Coombs type I reaction. These include glandular 
stimulation, vasodilation, increased vascular permeability, and irritation, changes that are responsible for the typical symptoms of itching, sneezing, rhinorrhea, and nasal congestion.

An allergy history includes information about the seasons or circumstances that trigger symptoms, the types of symptoms that predominate, the results of any previous allergy testing, and the effect of previous treatment, as well as the 
presence of complicating problems such as sinusitis, asthma, otitis media, and so forth. Although an allergic history begins at the time of the first visit, it is a constantly evolving process.

The signs of allergic rhinitis include the "allergic salute," which is characterized as follows: the hand lifts the nasal tip to respond to itching temporarily opening the airway, a transverse nasal crease seems to be caused by repetition of this 
maneuver, and facial grimacing and twitching are present because of itching membranes. The nasal turbinates are generally pale to bluish. Another characteristic sign is clear rhinorrhea. The presence of polyps does not necessarily indicate 
allergy. [28] Obligate mouth-breathing might result in a typical open-mouthed countenance and "adenoid facies."[17] 

ADJUNCTIVE TESTS

A number of adjunctive tests have traditionally been used to confirm the clinical diagnosis of allergic rhinitis. Among these are a differential count of peripheral leukocytes or the examination of smears of nasal secretions for the presence of 
eosinophils.[12] These measures have generally given way to specific diagnostic

983

techniques that measure levels of IgE for various antigens.

The diagnosis of allergic rhinitis is made by history, and the novice rhinologist must realize that the presence of a positive test is just that: a positive test. Clinical correlation between the patient's symptoms and any postulated sensitivity to 
the incriminated antigens is necessary to confirm a diagnosis of clinically relevant "allergy."

Confirmatory Skin Testing for Allergy

The "gold standard" of allergy testing is generally considered to be skin testing. The basis of this procedure is the reaction between antigen and sensitized mast cells in the skin, producing the classic wheal and flare skin response. This 
reaction begins with an acute phase that starts within 2 to 5 minutes, reaches a maximum at 10 to 20 minutes, and is characterized by vasodilation (producing erythema) and local edema (producing a wheal). It might be followed by a late 
phase, with further whealing and induration occurring 4 to 6 hours or more later.

A number of factors affect skin tests. In addition to the volume and potency of antigen introduced, the degree of sensitization of cutaneous mast cells and reactivity of the skin also are modified by drugs, the age and race of the patient, the 



area of the body injected, the distance separating individual skin tests, and the time of day of testing.[22] Skin test responses are suppressed by antihistamines. All forms of antihistamines must be avoided for at least 48 to 72 hours before skin 
testing. Although tricyclic antidepressants are no longer commonly used, patients taking them must omit them for up to 96 hours before skin testing, because they suppress whealing responses. Decongestants, systemic steroids, and 
leukotriene modifiers do not significantly affect skin test results.

To ensure that skin reactivity is normal, both positive and negative controls are necessary with all skin tests. A positive whealing response to the positive control (histamine) indicates an intact wheal and flare response (and is a fail safe 
against unrecognized antihistamine ingestion before testing). A positive response to the negative control suggests the presence of dermatographia, in which skin trauma results in a wheal and flare response, making skin testing in these 
patients unreliable.[15] 

Skin tests are generally classified as epicutaneous or intracutaneous. The former group includes scratch tests and prick-puncture testing, and the latter group includes both single-dilution and multiple-dilution intradermal tests.

In 1865, Blackley performed a crude scratch test on himself to show his sensitivity to rye grass, and in the early 1900s, scratch tests were commonly used to diagnose immediate-type allergy. Unfortunately, these tests produced numerous 
false-positive reactions, and the results were highly variable and difficult to interpret, because neither the amount of antigen nor the scratch through which it was introduced were standardized. In 1987, the American Medical Association 
Council on Scientific Affairs pronounced scratch testing "less reproducible than prick and puncture tests," stating that they were "no longer recommended."[1] 

The most commonly applied epicutaneous test is the prick or puncture method, which was developed by Lewis and Grant in 1924 but did not gain widespread acceptance until its modification by Pepys in 1975. In this test, a drop of test 
extract (or control solution) is placed on the skin, then a needle or similar instrument is passed at an angle through the liquid and the skin is pricked by lifting to elevate the dermis without producing bleeding or is punctured by perpendicular 
pressure with a needle. In interpreting the test, both the wheal and surrounding erythema are evaluated and measured and are compared with positive and negative controls, with the results graded from 0 to 4+. Positive prick-test reactions are 
generally noted in patients with higher levels of allergen-specific IgE, and the test might be negative in patients with lower (but significant) degrees of atopy. Thus, prick tests are often used as a screening test and followed by intradermal 
testing when indicated.

A number of variants of the prick-puncture method have been developed in an effort to standardize the test and make it more sensitive. These include standardized test instruments such as the Morrow Brown needle, as well as multiple-test 
devices such as the Multi-test II® and Quintest® tests. These latter tests are not strictly prick tests, because their needles might penetrate the dermis.

The intradermal test was applied to the diagnosis of allergy by Schloss in 1912 and popularized for this purpose by Cooke in 1915. In this test, a measured amount of antigen is injected intracutaneously to form a wheal. An antigenic reaction 
results in significant enlargement of the wheal. Allergists who use a single-dilution intradermal testing technique measure both the wheal and erythema produced and compare them with positive and negative controls with a grading system of 
0 to 4+ in the same way as the prick test.[23] To minimize the risk of systemic reaction, single-dilution intradermal testing should not be performed unless a screening-prick test for the same antigen has shown that the patient is not exquisitely 
sensitive to it. Although the antigen concentrations used in intradermal testing are from 1000 to 10,000 times weaker than those used for prick testing, a much greater amount of antigen is introduced with this method. Therefore, the risk of a 
systemic reaction

984

is greater with a single-dilution intradermal test than with a prick test.

Because skin testing with prick and single-dilution intradermal techniques does not permit accurate quantitation of the patient's sensitivity, the technique of intradermal dilution testing (also known as skin-endpoint titration) was developed. 
Carrying forward the work of Hansel, Herbert Rinkel perfected a system of intradermal testing in the mid-1940s with a series of fivefold dilutions of the same antigen. Testing begins with an anticipated nonreacting dose and progresses to the 
concentration that initiates positive whealing and then continues with the application of the next stronger concentration. This endpoint of titration indicates the relative sensitivity of the patient to the tested allergen and represents the 
concentration at which immunotherapy can safely be initiated, thus avoiding prolonged therapy at very low doses while providing a significant safety factor.[25] 

Confirmatory In Vitro Testing for Allergy

Skin testing for allergy is subject to a number of drawbacks, including the potential for production of a significant reaction and the discomfort, however minimal, associated with the procedure. These drawbacks have led to a continued search 
for other diagnostic methods. Shortly after the characterization of IgE as the sensitizing factor in allergy, a radioimmunoassay was developed that could detect specific IgE antibodies in serum. This assay, which was called the 
radioallergosorbent test (RAST), evolved significantly over the years that followed and has become an important tool in the diagnosis of inhalant allergy.[8] 

Although numerous variations of technology exist, the basic principle of the in vitro analysis of allergen-specific IgE is a "sandwich" technique in which allergens on a solid phase (such as a paper disk) are allowed to react with serum from 
the patient. Any IgE antibodies to that allergen that are present bind to the solid phase. This resultant complex is then incubated with radiolabeled rabbit antibodies to human IgE. After washing, the amount of radioactivity in the resulting 
sandwich of allergen/antibody/anti-IgE/radioactive marker on the disk is measured with a gamma counter, and the amount of antibody present is calculated.

The modified RAST technique and scoring system of Fadal and Nalebuff (F/N mRAST) significantly improved the usefulness of the RAST, both increasing its clinical sensitivity and bringing the classes that resulted into parallel with results 
from skin endpoint titration.[30] The major changes since the development of the F/N mRAST have been in the solid phase used (cellulose, plastic, hydrophilic polymer) and in the marker used (various fluorometric techniques). If the process 
involves enzymatic or fluorometric processes rather than a radioactive marker, it is generally referred to as an enzyme-linked immunosorbent assay (ELISA). Although RAST is often used as a generic term for all of these, each technology 
has its own characteristics, and the clinician must become familiar with the system in use in his or her practice. The decision to use skin tests or in vitro tests will depend on the individual circumstances of each patient and each practice, and 
it is best if the clinician is familiar with both methods.[14] 

Along with the popularization of the allergen-specific RAST, the measurement of total IgE has been advocated as a means of diagnosing the presence of allergy. However, it has become apparent that in some instances a high total IgE (>100 
IU/mL) is not associated with true allergy, whereas in others a low total IgE might be present in patients with significant allergy. The measurement of total IgE might be useful in clarifying otherwise equivocal results but has little value when 
used alone to diagnose the presence of allergy. Serial measurement of total IgE is useful in the management of patients with allergic fungal sinusitis. [13] 

Modern technology exists for the assay of allergen-specific IgE for numerous antigens. However, as a general rule, an assay of 8 to 15 antigens is sufficient to adequately indicate the presence or absence of significant inhalant allergy.[11] 
Positive responses are followed by additional testing for other relevant antigens.



A further extension of the screening concept occurs in the use of disks that have a number of antigens bound to them. These might give either a "yes/no" response or a semiquantitive indication of the amount of allergen-specific IgE present. 
A negative response often is sufficient to rule out the presence of significant inhalant allergy. On the other hand, because specific testing for each potentially positive antigen in the screening mix must be carried out before administering 
immunotherapy, these tests have little usefulness to the physician equipped to test and treat for specific allergens.

Management by Environmental Control

The best and most desirable management of allergy is avoidance when possible. Although this must often be supplemented by pharmacotherapy, and sometimes with immunotherapy, environmental control remains the most important 
component of this therapeutic triad.

Printed material about specific control measures aimed at various antigens is readily available from numerous commercial sources but must be supplemented by advice from the physician. The most "avoidable" antigens are the perennial 
offenders: dust mites, molds, and animals.[29] 
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House dust mites thrive in warm, moist conditions and feed on human skin scales (such as those found in bedclothes). The antigen is found in the mite feces. Control measures include elimination of reservoirs (upholstered furniture, 
carpeting, stuffed animals), covering of mattresses and pillows with barrier material, control of relative humidity (<50%), and the use of acaricides (benzyl benzoate) or preparations that denature the dust mite antigen (tannic acid). 
Unfortunately, no compound yet exists that both kills dust mites and renders their antigen harmless.

The major animal antigen that causes allergic problems is cat allergen, which is secreted by sebaceous glands and borne on light skin scales. Removing the cat is often a suggestion met with resistance (if not active rebellion), and other 
measures are often necessary. These include keeping the cat out of the bedroom and removal of as much antigen as possible from reservoirs (furniture, carpets) by vacuuming with a high-efficiency particulate arresting (HEPA) filter vacuum. 
Weekly washing of the cat with copious amounts of warm water, or even wiping with warm water, have been recommended as a preventive measure,[24] although the efficacy of these measures has been challenged.

Mold is found in many areas of the home. It requires circumstances for growth similar to the dust mite (i.e., warmth and humidity), and control of these factors also will help control indoor mold growth. In addition, such sources of indoor 
mold as refrigerator drip pans, stored material in basements and attics, and the soil around indoor plants should be considered in attempting to remove mold from the patient's environment.

Management by Pharmacotherapy

Antigens are not always avoidable, and immunotherapy modifies the allergic response but does not always afford protection from an overwhelming antigen exposure. Therefore, symptomatic management by means of pharmacotherapy is 
required to some degree for every patient with allergic rhinitis. Numerous types of drugs are available for this purpose, and each has unique characteristics. The physician must tailor the regimen according to the patient's symptoms and 
circumstances.

Antihistamines

Antihistamines act to control the "wet" symptoms of allergic rhinitis, such as rhinorrhea, sneezing, and itching membranes. Progressively more sophisticated forms have been developed since the pioneering work of Bovet and Staub in 1937. 
First-generation antihistamines (also called "sedating" antihistamines because of their most common side effect) act by competing with histamine for H1 receptor sites on target organs. In addition to sedation, they might produce 
anticholinergic effects resulting in bladder neck obstruction and prostatism and excessive dryness of secretions. Prolonged use of these preparations results in tachyphylaxis, or tolerance, requiring a change to a different form of 
antihistamine. Examples of first-generation antihistamines include chlorpheniramine, brompheniramine, triprolidine, and diphenhydramine. All first-generation antihistamines are available over the counter, and most patients consulting the 
specialist have tried one or more already.

Second-generation, or nonsedating, antihistamines generally have multiple actions, which often include direct effects on allergic mediators. Because they do not readily cross the blood-brain barrier, they either do not produce sedation or do 
so only in large doses. Their anticholinergic effects are much less pronounced, and they are free of tachyphylaxis. The two earliest such preparations (terfenadine, astemizole) have been removed from the market in the United States 
(although not in other countries), because they were shown to present an increased risk of cardiac arrhythmias when administered concomitantly with macrolide antibiotics and systemic antifungals. Subsequently developed second-generation 
antihistamines include loratadine, cetirizine, and acrivastine.

Topical antihistamines have been developed, such as levocabastine and azelastine. Levocabastine is available in Canada and Mexico but not in the United States. Topical azelastine was introduced in the United State in the 1990s and offers 
the benefits of both antihistamine and antiinflammatory actions, although many patients note a side effect of taste perversion.

The newest antihistamines are metabolites and congeners of existing drugs, offering fewer potential side effects but with equal effectiveness.[26] The first such third-generation preparation to become available was fexofenadine, the active 
metabolite of terfenadine. The introduction of desloratadine, derived from loratadine, followed shortly thereafter. Tecastemizole (from astemizole) and levocetirizine (from cetirizine) are currently under active development. The benefits 
sought from these and future antihistamines will be equal or superior potency, enhanced safety profiles, with enhanced onset of action and extended duration of activity.

A decision by the Food and Drug Administration (FDA) to make antihistamines available over the counter will undoubtedly affect the use of these and other antiallergy drugs, primarily for economic reasons.

Decongestants

Decongestants are alpha-adrenergic agonists that produce vasoconstriction in the turbinates, lessening
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nasal congestion. When topically applied for more than 5 to 7 days, they might produce a rebound rhinitis, and addiction to nose drops and sprays is a commonly encountered phenomenon in patients with chronic rhinitis. Because nasal 



allergy is a chronic disorder, such patients are more likely to abuse topical nasal decongestants and must be warned of the problem.

The most common orally administered decongestants are pseudoephedrine and phenylephrine. Potential side effects of these drugs are related to their vasopressor actions (which might cause elevated blood pressure, especially in patients with 
preexisting labile hypertension), and their central nervous system (CNS) stimulatory effects (producing insomnia and jitteriness). These stimulatory side effects are potentiated in patients taking tricyclic antidepressants or monoamine oxidase 
(MAO). The decongestant phenylpropanolamine was removed from use in the United States[18] after a suggested linkage between its use and the incidence of hemorrhagic strokes in some women.

For the management of allergic rhinitis, decongestants are often combined with antihistamines. Because newer antihistamines, unlike first-generation preparations, do not cause sedation, their combination with decongestants might produce 
undesirable stimulatory side effects unless an effective timed-release form is used.

Mast Cell Stabilizers

The prototype of mast cell stabilizers, cromolyn, has been available in the United States as a topical nasal solution since 1983. In laboratory animals, cromolyn was found to stabilize mast cells, preventing the allergic reaction. Additional 
work has shown that in human subjects this is only one of the effects of this class of drugs, which have numerous other actions. Nevertheless, by convention, they are still referred to as mast cell stabilizers.

Cromolyn is most beneficial when used before an anticipated allergen exposure but must be administered at least four times daily for maximum effect. Patients with severe allergic rhinitis might not respond adequately to this medication, but 
it is an extremely safe and often effective initial therapeutic measure. Because it is available without a prescription, it is an excellent preparation to be recommended for patients seeking over-the-counter relief.

Other topical mast cell stabilizers that remain in development for intranasal use include olopatadine, oxatomide, and quazolast. The intranasal mast cell stabilizer nedocromil is available in Europe but not in the United States.

Corticosteroids

Corticosteroid preparations are potent antiinflammatory agents that do not prevent an antigen-antibody allergic reaction but diminish the effects of vasoactive kinins and other mediators by decreasing capillary permeability, stabilizing 
lysosomal membranes, blocking the action of migratory inhibitory factor, and directly affecting phospholipase. Systemically administered corticosteroids primarily affect the late-phase allergic reaction, whereas topical preparations also 
might act on the acute phase after pretreatment for a week or longer.

Systemic administration of corticosteroids must be done with the full realization of their potential for suppression of endogenous cortisol production, as well as their possible adverse effects on many organ systems. Significant hypothalamic-
pituitary-adrenal suppression might occur after approximately 5 to 7 days of the daily administration of 20 to 30 mg of prednisone or its equivalent, or occur in up to 30 days with lower doses. Adrenal recovery might occur within 1 week of 
discontinuing short-term, high-dose therapy, whereas up to 1 year or more might be required after prolonged, high-dose therapy.

Potential adverse effects of systemically administered corticosteroids might be major or minor. Systemic corticosteroids in the management of allergic rhinitis might be administered orally as a tapered-dosage program (either tailored by the 
physician or as a commercially available item) or in the form of a repository injection. The latter should be administered with caution, because although the corticosteroid effect provides relief for up to 6 weeks, virtually total hypothalamic-
pituitary-adrenal suppression might occur for this same period.[20] 

The popularization of topical nasal corticosteroid preparations during the past two decades has greatly diminished the systemic administration of these preparations. The tendency has been for newer forms to require less frequent 
administration (improving patient compliance) and to have less likelihood of systemic effect (diminishing the possibility of complications associated with prolonged use at high doses). Up to one-half of all nasally administered steroids might 
be absorbed from the nasal mucosa. A portion of the material also is swallowed and is absorbed from the gastrointestinal tract. However, with the exception of dexamethasone, all nasal corticosteroids undergo extensive first-pass hepatic 
metabolism to either inactive or less active compounds. This metabolism, plus the pharmacodynamics of the individual preparation, prevents significant systemic effects from topical administration unless they are administered for prolonged 
periods and at higher than recommended doses (or if the patient is also using an inhaled corticosteroid
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preparation for lower airway disease). Attention is now being focused on the relative lipophilicity of various inhaled steroids and their potential buildup in fatty tissues. Although hypothalamic-pituitary axis suppression has been shown when 
large doses of a number of nasal steroids are administered, most clinical evidence indicates that these preparations are safe when administered at normal doses. The possible exception is beclomethasone, which has a narrow margin of safety 
between therapeutic doses and those causing systemic effect.

The FDA has issued a "black box warning" for respiratory steroid use in children because of the potential risk of growth inhibition reported in studies involving beclomethasone,[27] even though other studies have indicated that any temporary 
growth inhibition is overcome in later years and that other nasal steroids might be free of this risk. Nevertheless, steroid use in children (as in all patients) should be monitored to use the lowest effective dose, and potential side effects should 
always be kept in mind.

Nasal corticosteroids are administered as either a pump spray (generally in an aqueous vehicle) or as a suspension dispensed in a powered fashion by a propellant. All topical nasal corticosteroids might cause side effects such as local nasal 
irritation, crusting, epistaxis, or even nasal septal perforation. The development of better-pressurized delivery systems and devices, and a trend toward the use of aqueous preparations, has improved this problem somewhat, as has the 
emphasis on advising patients of the proper way to use these sprays. This advice includes directing the tip of the nozzle toward the corner of the eye (away from the septum) and using sprays only for the duration recommended, with regular 
examinations to watch for signs of local damage.

Anticholinergics

Because rhinorrhea is such a prominent feature of allergic rhinitis, combination preparations that contain anticholinergic drugs were introduced many years ago. Unfortunately, many of these had a profound overdrying effect, provoking nasal 
crusting and thickened nasal and sinus secretions. Only a few such preparations are still marketed, and these should be avoided if possible because of their potential side effects.

Early efforts to administer topical anticholinergics included atropine in saline, compounded and administered in a spray bottle. Although often effective for up to 4 hours, a variable amount of drug was administered in each dose by this 
technique. In 1996, the FDA approved the marketing of the topical anticholinergic, ipratropium bromide, as an aqueous nasal pump spray formulation. The 0.03% strength of this drug, administered in a dose of two sprays in each nostril 



three times daily, produces a significant decrease in the rhinorrhea associated with symptomatic allergic rhinitis. The preparation is generally free of systemic anticholinergic effects but offers no relief of congestion, sneezing, or itching that 
accompanies allergic rhinitis. It is primarily an adjunctive treatment, but a very effective one, in selected patients.

Leukotriene Modifiers

In addition to "designer" antihistamines and more potent yet safer topical nasal corticosteroids, attention has been directed to modulating the allergic reaction by inhibiting the formation of leukotrienes or blocking their effects. Zileuton is the 
best-known 5-lipoxygenase inhibitor, whereas common cysteinyl-leukotriene inhibitors include zafirlukast and montelukast. Monitoring of liver function is recommended in patients receiving zileuton. The original role of leukotriene 
modifiers was in the treatment of asthma and polyposis (especially Samter's triad patients), and only recently have they been investigated as adjuncts to antihistamine and/or corticosteroid therapy or as stand-alone treatments for allergic 
rhinitis.[19] In 2003, montelukast received approval by the FDA for use in the treatment of seasonal allergic rhinitis.

NEW DIRECTIONS IN MECHANISM-BASED THERAPY

New therapies continue to be under development, and only time will tell how practical or important they will prove. These include tryptase inhibitors, cytokine modulators, chemokine inhibitors, cell-adhesion blockers, and costimulation 
inhibitors.[2] 

Management by Immunotherapy

Although not all patients with allergic rhinitis require immunotherapy, it does offer the only "cure" for this disorder. The exact mechanism through which immunotherapy is effective is still a matter of conjecture. The administration of 
escalating doses of an antigen to which IgE-mediated atopy exists is known to result in an eventual lowering of allergen-specific IgE, concomitant with an elevation of immunoglobulin G (IgG) and subsequent activation of allergen-specific 
T cells. The IgG stimulation is thought to possibly represent the formation of "blocking antibodies" that impede the allergic reaction.

Indications for immunotherapy include IgE-mediated allergy that is not readily controlled by simple pharmacotherapeutic measures, symptoms that are severe and/or prolonged, and are produced by allergens that are not readily avoidable. In 
addition, immunotherapy should in general only be considered in patients who are likely to cooperate in a program that will span 3 to 5 years.
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The technique of immunotherapy involves the use of doses of antigen that are as high as safely possible to administer for each reacting allergen to reach therapeutic levels as quickly as possible. This is best accomplished by quantitation 
through in vitro means (RAST or ELISA) or intradermal dilution testing (skinendpoint titration). Progressively larger doses and more concentrated antigen solutions are used, while always watching carefully for unacceptable local reactions 
(a skin wheal of 3 cm or more) or worsening of systemic symptoms after an injection. Eventually, doses of about 40 to 1000 µg of antigen (corresponding to a 1:500 weight/volume concentration of extract) should be achieved to produce 
long-term beneficial results. [6] 

Injections are normally administered once or twice weekly until desired effects are noted, then once a week for a total of 1 year. Maintenance therapy is given every 2 to 3 weeks, and the total duration of therapy generally does not exceed 3 
to 5 years. Although systemic reactions rarely complicate immunotherapy, which is based on the quantitative testing methods described, they remain a possibility. Thus, immunotherapy should only be administered by qualified personnel and 
in a setting in which appropriate treatment of adverse reactions is possible. The reader is referred to one of the numerous resources on the subject for detailed information in this regard.[7] [10] 

IMMUNOTHERAPY INNOVATIONS

Specific immunotherapy requires testing to determine the exact antigens responsible for allergy and the administration of those antigens in doses sufficient to elicit an immune response without producing an adverse (anaphylactic) reaction. 
Because of the complexities involved, attention has focused on the potential for administering human, recombinant anti-IgE that would complex the specific IgE responsible for allergic symptoms, regardless of the antigens involved and 
without the risk of anaphylaxis. This compound, omalizumab, was initially thought to be best suited for treatment of allergic asthma but will undoubtedly find use in the management of allergic rhinitis as well.[3] 

CONCLUSION

Allergic rhinitis might present as a distinct clinical entity or might coexist with (and contribute to) other disease states such as sinusitis, polyposis, asthma, and laryngitis. The otorhinolaryngologist should be able to suspect the presence of 
nasal allergy on the basis of typical history and physical examination, administer appropriate pharmacotherapy, and advise patients in proper environmental control. Testing to confirm specific inciting antigens and the administration of 
definitive immunotherapy might require referral but should not be outside the abilities of the properly trained otolaryngologist.
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Chapter 43 - NONALLERGIC RHINITIS
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INTRODUCTION

Chronic rhinitis presents a tremendous problem for the health care industry; 10% of the population is affected by chronic or recurrent nasal symptoms. [52] The prevalence of patients with nonallergic rhinitis (NAR) among otolaryngology and 
allergy clinic populations ranges from 28% to 60%, and its incidence rises with age.[16] [44] Of the patients that present to the otolaryngologist's office, 50% are diagnosed with a form of NAR, and the rest are diagnosed with allergic rhinitis 
(AR).[15] [49] In a survey of 975 patients visiting allergists' offices for chronic rhinitis, the National Classification Task Force found that 43% were diagnosed with pure AR, 23% with NAR, and 34% with mixed AR and NAR. Thus, 57% of 
chronic rhinitis patients have some component of NAR.[6] 

Problems that result from chronic rhinitis include sinusitis, the development of polyps as a result of chronic inflammation and obstruction, eustachian tube dysfunction, chronic otitis media, hearing loss, disorders of the sense of smell, 
malaise, and fatigue. These symptoms often interfere with school or work performance, and a lack of productivity is worsened by the need for frequent doctor visits. In addition, medications—although usually helpful—may elicit undesirable 
side effects such as drowsiness, epistaxis, palpitations, and nasal dryness, which compound the overall impact of NAR.[28] 

NAR and AR have similar presentations, manifestations, treatments, and impacts on school and work performance. Thus, statistics for AR can be used to infer the economic impact of NAR. In many instances, AR and NAR are often 
indistinguishable and coexist.[49] [52] Twenty to 40 million Americans are affected by AR, and the direct costs for doctor visits and medication expenses are at least $1.9 billion annually. The cost of lost productivity approaches $3.8 billion 
annually.[1] 

Despite all of the above, defining NAR is difficult. Symptom presentation is nonspecific, and patients may present in a variety of ways. Most commonly a patient will complain of rhinorrhea, nasal congestion, and sneezing despite a negative 
allergic history, skin testing, and nasal cytology. Unfortunately, after allergy has been ruled out as the etiology of the rhinitis, these patients may be diagnosed with "vasomotor rhinitis," a blanket term used to diagnose affected patients. [9] [20] [52] 
Because there have been no unifying criteria for this broad class of problems, further investigation and workup are generally abandoned by most clinicians. Treatment is indiscriminate, with varied responses seen among patients. The results 
are often unsatisfactory and frustrating for both the physician and the patient.

Chronic rhinitis has been described in the literature using many terms. Historically vasomotor rhinitis has been favored, but distinct vascular or motor nerve dysfunction has been difficult to identify. [44] Other terms used in the literature 
include perennial rhinitis, perennial NAR, and nonallergic, noninfectious perennial rhinitis.[6] [7] [46] NAR is the term that will be used here to describe the variety of rhinitis-related problems that cause intermittent rhinorrhea, nasal congestion, 
and nasal obstruction unrelated to allergy. Nasal itching and sneezing with NAR occur to a lesser extent than that seen in cases of AR.

Various forms of and contributing factors to chronic NAR will be outlined in this chapter; the research into its pathophysiology will also be briefly reviewed. This chapter will provide the background for the development of a systematic 
evaluation and treatment plan for patients with NAR.

PATHOPHYSIOLOGY

The effects of NAR cannot be fully appreciated without a brief review of nasal function. Nasal function includes temperature regulation, olfaction, filtration, and humidification of inspired air. The nasal lining also produces secretions that 
contain immunoglobulin A, protein, and enzymes to provide lubrication and protection. Secretions trap particulate matter, and then nasal cilia propel the matter toward the natural
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ostia. This occurs at a frequency of 10 to 15 beats per minute, and the mucous blanket streams at a rate of 2.5 to 7.5 mL per minute.[55] 

Innervation of the nasal mucosa is highly organized and very complex. Regulation of mucosal vasculature and glandular secretions is controlled by the autonomic system. The sympathetic nerves form one half of the efferent nasal reflex arc. 
Once stimulated, sympathetic nerves release norepinephrine and neuropeptide Y, which causes vasoconstriction of the nasal vasculature. The parasympathetic nerves comprise the other half of the efferent nasal reflex arc. After they have 
been stimulated, parasympathetic nerves release acetylcholine, norepinephrine, and vasoactive intestinal peptide. Cholinergic neuropeptides and neurotransmitters stimulate the serous glands of the nasal mucosa and increase mucus secretion. 
Unilateral stimulation of the efferent reflex arc leads to a bilateral response.[14] [55] 

Sensation primarily originates from the trigeminal nerve. Afferent ethmoidal nerves provide sensory innervation to the epithelium, vessels, and glands. C-fibers are unspecialized afferent sensory nerves that react to pain and temperature, and 
they are the most relevant type of sensory fibers in NAR. These sensory fibers are stimulated by inflammatory mediators such as histamine and bradykinin. Recent research has also elucidated their stimulation by inhaled irritants like 
nicotine, smoke, formaldehyde, and capsaicin, which will be discussed later. Once stimulated, C-fibers depolarize and release neuropeptides such as substance P and calcitonin gene-related peptide, which increase vascular permeability and 
activate submucosal gland release. The result is the acute stimulation of glandular cells, endothelial cells, and epithelial cells within the nasal mucosa, thereby causing the sensation of itching, rhinorrhea, and/or burning.[15] 

A disorder of any component of the nasal mucosa may lead to NAR. The efferent parasympathetic nervous system produces glandular secretions and the sympathetic limb causes nasal decongestion, both of which are normal physiologic 
activities. However, hyperresponsiveness of the afferent sensory limb causes an exaggerated efferent response to neuronal stimuli; the result is the oversecretion of mucus and increased nasal congestion as a result of capillary plasma 
exudation. The same symptoms are seen with normal afferent input and a hyperreactive efferent arc. Less commonly, an intrinsic epithelial problem or central nervous system regulation is the source of disordered responsiveness. 
Unfortunately, given the complex interaction of mucosal regulation, it has been difficult to isolate a source for specific study. [46] The nonspecific and variable symptoms of NAR are confounding; this compounds the difficult task of 
identifying the exact pathophysiologic source.

Various nasal provocation tests have been used in attempts to characterize NAR and nasal reactivity. The methacholine challenge test is used to study glandular responsiveness; this provocation bypasses sensory nerve stimulation and 
determines glandular responsiveness independent of allergen or immunologic mediation. [7] [44] Methacholine is a muscarinic cholinergic receptor agonist used to stimulate cholinergic receptors in the submucous glands. Intranasal 
administration leads to a dose-related increase in glandular secretions and rhinorrhea. Patients with NAR have increased glandular activity as compared to controls.[46] However, this hyperresponsive reaction is not unique to patients with 
NAR. Patients with AR and NAR respond to methacholine in a similar fashion[44] [46] ; therefore, methacholine can be used to differentiate AR and NAR from controls but not from each other. Vascular effects are bypassed in the methacholine 
challenge, and thus patients with the main complaint of nasal congestion are not tested.

Histamine placed in the nose stimulates symptoms of rhinitis and is widely used to study both AR and NAR.[15] [21] [44] [59] Histamine provocation increases vascular permeability, thus causing sneezing, pruritus, rhinorrhea, and nasal obstruction.[44] 
[46] Patients with NAR have a heightened response compared to controls.[59] The response experienced by patients with NAR is less than that seen in patients with AR, but there is significant overlap in the responsiveness of these two patient 



populations. Definitive indications of histamine as an influence in the physiologic mechanism of NAR are lacking.[15] [46] However, these results suggest that vascular hyperreactivity may be a contributing factor in NAR.

The effects of cold, dry air on nasal mucosa have been extrapolated from asthma research.[41] [63] The studies demonstrate that nasal inhalation of cold, dry air causes drying of the nasal mucosa; this induces symptoms of rhinorrhea, congestion, 
and occasional sneezing in susceptible patients. Cold, dry air increases the tonicity and osmolality of nasal secretions; this causes a release of inflammatory mediators, afferent stimulation, activation of the parasympathetic reflex arc, and 
generation of rhinitis symptoms and mucus production. It is speculated that mucosal mast cells release mediators that increase fluid movement, decrease hyperosmolality, and reestablish homeostasis by altering nasal vasculature, epithelium, 
and glandular cells[63] ; this increase in osmolality is specific for trials with cold, dry air. A similar response is not seen in atopic patients challenged with antigen,[61] [63] but the response that is more evident than that of control subjects. This 
phenomenon provides a specific model for stimulus-response testing. Togias and others[60] propose that studying such mast cell mediator release with resultant inflammation and
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increased vascular permeability through either immunologic or physical stimuli provide models for the study of multiple forms of rhinitis.

Stjarne and colleagues[56] have looked at capsaicin as it relates to nasal mucosal provocation. Placement of capsaicin on the nasal mucosa leads to sensory nerve stimulation, with specific stimulation of the C-fibers. The result is cholinergic 
parasympathetic reflex activation, which causes rhinorrhea, congestion, sneezing, and nasal burning.[5] [56] The symptoms occur independent of histamine release or mast cell activation, which suggests that these results are selective for patients 
with NAR.[56] 

In 1991, Stjarne and his colleagues[56] published studies of nasal mucosal desensitization with capsaicin, the results of which have been reproduced by other groups.[27] [34] Local treatment of the inferior turbinate with capsaicin for three 
consecutive days led to sensory nerve release, neuropeptide depletion, and disrupted function of capsaicin-sensitive nerve endings. Subjects reported a more than 50% reduction of complaints of nasal blockage and discharge when challenged 
with a dose of capsaicin at one month follow-up. These results correlated with an improved appearance of the mucosa and were maintained at three months' follow-up; symptoms and mucosal appearance reverted to pretreatment levels by six 
months. Such a cholinergic blockade was seen as helpful in patients with a primary complaint of rhinorrhea. A selective effect on patients with NAR was again suggested.[56] 

The above tests represent examples of ways to study the pathophysiology of NAR, but no test has been found to be a specific model for the study of NAR. For each of the provocation tests, there are studies that support the contrary argument. 
It has been difficult to definitively find a distinct differential response between NAR and AR patients.[44] [46] 

CLASSIFICATION

A classification scheme for the major forms of NAR is listed in Box 43-1 . Jacobs and colleagues [22] first described NAR with eosinophilia (NARES) in 1981; the complex consists of perennial symptoms with episodes of watery rhinorrhea, 
pruritus, epiphora, and sneezing in patients with negative or irrelevant reactions to common allergies by skin or in vitro testing of common allergens. The majority of patients deny specific triggers, although some complain that weather 
changes or exposure to irritant chemicals are trouble-some. Cytologic examination of nasal secretions shows marked eosinophilia; this reaction may be part of a continuum of chronic sinusitis, nasal polyps, and Sampter's triad.[10] [15] [49] [53] 

 
 

Box 43-1. CLASSES OF RHINITIS

Nonallergic rhinitis with eosinophilia 
 
Hormone-related disorders 
 
Hypothyroidism 
 
Acromegaly 
 
Puberty 
 
Pregnancy 
 
Postmenopausal 
 
Medications 
 
Irritant 
 
Temperature 
 
Barometric changes 
 
Gustatory 
 
Chemical exposure 
 
Chemical exposure 



 
Immunologic 
 
Animal proteins 
 
Wheat 
 
Latex 
 
Pyrethrum in the insecticide and garden industries 
 
Acid anhydrides in the adhesive industry 
 
Toluene in auto body spray paints 
 
Annoyance 
 
Perfumes 
 
Exhaust fumes 
 
Pesticides 
 
Cleaning agents 
 
Room deodorizers 
 
Floral fragrances 
 
Cosmetics 
 
Irritant 
 
Air pollution 
 
Ozone 
 
Tobacco smoke 
 
Paint fumes 
 
Formaldehyde 
 
Oxides of nitrogen 
 
Toluene and xylene 
 
Corrosive 
 
Ammonium chloride 
 
Hydrochloric acid 
 
Vinyl chloride 
 
Organophosphates 
 
Acrylamide 
 
Atrophic rhinitis 
 
Cocaine abuse 



 
Surgery 
 
Aging 
 
Infectious causes 
 
Anatomic obstruction 
 
Associated systemic disorders 
 
Idiopathic 
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Several local and systemic conditions can result in nasal symptoms and rhinitis. Local anatomic factors are apparent from examination and can exacerbate underlying rhinitis. Nasal symptoms may be the first sign of neoplasms; infectious 
etiologies may be the primary causes of nasal symptoms as a result of underlying obstructive and chronic nasal disease. Diagnosis and control of systemic disease must be addressed to effectively treat coexisting NAR. Box 43-2 and Box 43-
3 list several local and systemic disorders that contribute to rhinitis or have rhinitis as a component.

 
 

Box 43-2. LOCAL FACTORS IN RHINITIS

Anatomic factors 
 
Septal deviation 
 
Hypertrophic turbinates 
 
Nasal valve collapse 
 
Adenoid hypertrophy 
 
Choanal atresia/stenosis 
 
Septal perforation 
 
Cleft palate 
 
Infectious and inflammatory sources 
 
Acute rhinitis (bacterial, viral) 
 
Acute and chronic sinusitis 
 
Sinonasal polyposis 
 
Sampter's triad 
 
Rhinoscleroma 
 
Neoplasms 
 
Inverting papilloma 
 
Malignancy 
 

 
 



 
 

Box 43-3. SYSTEMIC CONDITIONS ASSOCIATED WITH RHINITIS

Autoimmune/rheumatic disorders 
 
Systemic lupus erythematosus 
 
Sjögren's syndrome 
 
Vasculitides 
 
Wegener's granulomatosis 
 
Sarcoidosis 
 
Churg-Strauss syndrome 
 
Ciliary dyskinesias 
 
Young's syndrome 
 
Kartagener's syndrome 
 
Cystic fibrosis 
 
Hormonal disorders/imbalance 
 
Acromegaly 
 
Hypothyroidism 
 
Pregnancy 
 
Perimenopausal/postmenopausal women 
 
Puberty 
 

 
 
Through direct effects on the nasal mucosa, hormones may cause mucus gland hyperreactivity and increased rhinorrhea.[49] Hypothyroidism and acromegaly are metabolic conditions that result from hormone imbalances and that are associated 
with nasal symptoms and rhinitis.[15] Fluctuating serum hormone levels during menstruation can lead to nasal symptoms in childbearing women. Similarly, rhinitis may arise as a result of changing blood hormone concentrations during puberty.
[15] [16] 

Rhinitis during pregnancy is a well-known entity; the prevalent nasal symptoms are rhinorrhea and congestion. Direct nasal effects from changes in estrogen, progesterone, and placental growth hormone levels augment the development of 
this condition.[54] During pregnancy, vascular changes and physiologic expansion of circulating blood volume may contribute to increased nasal vascular pooling and progesterone-induced vascular smooth muscle relaxation. [49] [54] The severity 
of rhinitis during pregnancy parallels blood estrogen levels,[15] and a review of the patient's history frequently elicits prior problems with rhinitis. Blood is shunted away from the nose and toward the growing uterus throughout pregnancy; 
therefore, nasal symptoms decrease toward term.[54] 

Rhinitis is a common side effect of a myriad of medications; a list of such medications is shown in Box 43-4 . Aspirin and nonsteroidal antiinflammatory medications are well known for their association with airway reactions, including 
sinusitis and asthma. Nasal symptoms and congestion are associated with several
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psychotropic agents (e.g., thioridazine, amitriptyline, perphenazine) and antihypertensives (e.g., beta-blockers, alpha-blockers, angiotensin-converting enzyme inhibitors, vasodilators). Hormonal replacement and oral contraceptives can also 
lead to NAR.[15] [48] Inquiring about medication overuse and abuse is critical; rhinitis medicamentosa is a unique entity that results from persistent topical nasal decongestant and cocaine use.

 
 



Box 43-4. MEDICATIONS CONTRIBUTING TO RHINITIS

Cocaine 
 
Topical nasal decongestants 
 
Alpha-adrenoceptor antagonists 
 
Reserpine 
 
Hydralazine 
 
Angiotensin-converting enzyme inhibitors 
 
Beta-blockers 
 
Methyldopa 
 
Guanethidine 
 
Phentolamine 
 
Oral contraceptives 
 
Nonsteroidal antiinflammatory medications 
 
Aspirin 
 
Psychotropic agents 
 
Thioridazine 
 
Chlordiazepoxide 
 
Chlorpromazine 
 
Amitriptyline 
 
Perphenazine 
 
Alprazolam 
 

 
 
Prior to antibiotics, primary atrophic rhinitis in westernized countries was commonly associated with infection from bacteria such as Klebsiella ozaenae. Today, atrophic rhinitis is seen more often as a result of aggressive surgery for nasal 
obstruction, trauma, manifestations of granulomatous diseases, chronic cocaine abuse, and radiation therapy,[40] and it is also associated with aging (i.e., the incidence of rhinitis increases with age). Sanico and others[46] postulate that mucosal 
changes, along with aging, lead to decreased function, decreased ability to condition inspired air, and decreased secretion production resulting in rhinitis symptoms.

The nasal mucosa in atrophic rhinitis gradually changes from a functional respiratory form to nonfunctional mucosa, with a loss of mucociliary clearance and neurologic regulation. Crusting, fetor, mucosal atrophy, and widely patent nasal 
cavities are seen in patients who complain of nasal congestion.[40] The normal pattern of airflow is changed, which likely contributes to the sensation of congestion and obstruction. Treatment usually includes antibiotics and nasal irrigations, 
but it is frequently unsatisfactory; these patients become "chronic nasal cripples." Surgery to alter nasal airflow has brought relief to some patients.

Temperature changes, alterations in barometric pressures, ingested foods, and inhaled irritants are other inciting causes of NAR. Physical stimuli with cold air and weather changes are known triggers. As mentioned earlier, cold, dry air is a 
known factor in the development of profuse rhinorrhea.[41] [62] Altitude and pressure changes result in facial pressure, headaches, and nasal symptoms in susceptible individuals who work, for example, in the aviation field.

The ingestion of certain foods leads to mucoid or watery rhinorrhea referred to as gustatory rhinitis.[15] [42] [49] Hot, spicy foods are the most common culprit, and the onset is acute and lasts for as long as the food is ingested. Other symptoms that 
are characteristic of AR are absent, and skin testing with extracts of the suspected foods is negative. Stimulation of afferent sensory nerves is the most likely pathophysiologic mechanism; this activates the parasympathetic nerves that supply 
the nasal mucosal glands and could also explain the sweating and epiphora that sometimes accompany this reaction.[42] 

A more complex form of inhaled irritant rhinitis is occupational NAR. Occupational NAR should be differentiated from occupationally induced allergic or immunologic rhinitis. Aeroallergens associated with rhinitis in the workplace include 
animal proteins, wheat, latex, pyrethrum in the insecticide and garden industries, acid anhydrides in the adhesive industry, and toluene in auto body spray paints. Box 43-1 outlines the various forms of chemical exposure. Many patients will 
complain of nasal symptoms around perfumes, exhaust fumes, cleaning agents, room deodorizers, floral fragrances, and cosmetics; such annoyance reactions occur in patients with heightened olfactory awareness. Irritant reactions occur with 



exposure to respiratory inhalant irritants beyond threshold levels. Air pollution and ozone levels are discussed daily in susceptible areas. Tobacco smoke, paint fumes, formaldehyde, oxides of nitrogen, and toluene are also examples of this 
problem. Exposure to high concentrations of soluble chemical gases can cause inflammation of nasal and oral mucosa, skin, and eyes along with mucosal burns and ulcerations. Ammonium, chloride, hydrochloric acid, vinyl chloride, 
organophosphates, and acrylamide exposures are known to cause such corrosive reactions. [49] 

Chemical exposures may lead to more global problems for the susceptible patient. Like upper airway symptoms, systemic problems can also result from chemical exposure. Reactive upper airway dysfunction syndrome is a form of chronic 
rhinitis that occurs after toxic inhalation exposure; reactive airways dysfunction syndrome is the analogous asthma-like condition that affects the lower airways. Studies by Meggs and others[38] suggest that the initial insult results in mucosal 
damage and sensory nerve proliferation; this leaves the susceptible person vulnerable to the stimulation of neurogenic inflammation at lower levels of chemical exposure than unaffected individuals. Other disorders that are likely mediated by 
neurogenic inflammation include sick building syndrome and multiple chemical sensitivity syndrome. Sick building syndrome occurs when workers confined to tightly sealed and newly renovated buildings suffer reactions from exposure to 
air contaminants. Patients develop multiple chemical sensitivity syndrome when they develop multiple physical and mental complaints after subsequent exposure to chemicals such as pesticides and solvents.[36] 

Evidence indicates that many of the irritant forms of rhinitis are mediated by neurogenic mechanisms, particularly those that are related to chemical exposures. Neurogenic inflammation has been discussed as a pathway model in chemical 
sensitivity syndromes,
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including rhinitis and asthma.[36] As discussed earlier, the proposed mechanism is the stimulation of chemical irritant receptors on sensory nerves (i.e., C-fibers). Neuropeptide release produces vasodilation and edema associated with 
inflammation independent of immune-mediated inflammation.

Idiopathic or vasomotor rhinitis is diagnosed when other identifiable causes have been excluded. Historically, idiopathic rhinitis was thought to be due to an imbalance of the autonomic nerve supply in the nasal mucosa—either excessive 
parasympathetic or reduced sympathetic activity. The relationship between vasomotor rhinitis and the autonomic nervous system was first speculated on more than 50 years ago.[9] [52] As mentioned previously, nasal mucosal reactivity, which is 
a balance of the sympathetic and parasympathetic systems, controls vascularity and glandular expression. Jaradeh and colleagues[28] used an autonomic nervous system laboratory to compare nasal reactions in control patients with those of 
patients with vasomotor rhinitis. Their studies demonstrated a relationship between VMR and ANS dysfunction and hypoactivity of the sympathetic nervous system relative to the parasympathetic system.

HISTORY AND DIAGNOSIS

Diagnosis of NAR is based on thorough history, complete head and neck examination, and diagnostic tests to rule out inflammation or infectious etiologies. A complete history includes questions about the presentation and history of the 
symptomatology; this should be extensive with regard to the pattern and timing of symptoms, exacerbating and alleviating factors, environmental triggers, and the exclusion of common environmental allergens. Box 43-5 provides a list of 
questions to help the clinician focus the patient's history; such a list can be formulated into a questionnaire for expeditious and efficient patient evaluation. As discussed previously, several systemic conditions are associated with symptoms of 
rhinitis; these range from vasculitides to hormonal imbalances to infectious causes, such as chronic sinusitis. Box 43-2 and Box 43-3 provide a sampling of conditions that may contribute to rhinitis.

A comprehensive head and neck examination includes findings as seen on nasal endoscopy. The mucosa is usually boggy and edematous with clear mucoid secretions. Mucosal injection and lymphoid hyperplasia involving the tonsils, 
adenoids, and base of the tongue may be seen. Areas of blanched mucosa surrounding prominent vessels have been reported in chemical exposures.[37] The presence of inflammation and purulent discharge from the middle meatus and 
sphenoethmoid recess indicate active infection. Polyps are an indication of chronic inflammation and obstruction. Atrophy of the mucosa is seen in cases of aging, prior surgery, and drug abuse. Look for anatomic obstruction such as septal 
deviation, hypertrophic turbinates, choanal stenosis, or atresia. Nasal valve collapse is often overlooked when patients complain of nasal obstruction; septal perforation with crusting and epistaxis can be associated with similar symptoms. 
Examination of the nasal cavity and nasopharynx also helps identify adenoid hypertrophy or unusual mucosal lesions suggestive of sarcoidosis or Wegener's granulomatosis.

 
 

Box 43-5. PATIENT HISTORY QUESTIONS

What are your nasal and sinus symptoms? 
 
Which of the following do they include? 
 
Nasal discharge 
 
Congestion/blockage 
 
Postnasal drainage 
 
Episodes of sneezing 
 
Nasal itching 
 
Itchy eyes 
 
Epiphora 
 
Do you have environmental allergies (e.g., hayfever)? 
 



Have you undergone allergy testing? 
 
Have you been treated for allergies? 
 
Are there certain situations or environments in which your symptoms are worse or in which they are better? For 
example, home, work, indoors, or outdoors? 
 
Are there certain times of the day or year during which your symptoms are worse or better? 
 
Did your environment change before the onset of your symptoms? 
 
What type of work do you do? 
 
Are you exposed to chemicals in your occupation? 
 
Have you noticed an increase in nasal or sinus symptoms around certain chemicals/aromas? 
 
Did your symptoms begin when you started taking certain medications? 
 
What medications have you tried for your symptoms? 
 
Of the medications you have tried, have any resulted in the improvement of your symptoms? 
 
Do you have a history of chronic sinusitis? 
 
Do you have a history of nasal and/or sinus polyps? 
 
Are you sensitive or allergic to aspirin? 
 
Have you undergone sinus surgery? 
 
Do you have asthma? 
 

 
 
Diagnostic workup should include skin testing and/or serum testing for serum specific immunoglobulin E antibodies to relevant allergens. Nasal cytology provides information about the cell types present in the mucosa and determines if 
evidence of inflammation is present. Scrapings from the inferior turbinate mucosa provide epithelium for the analysis of cell
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types. The lack of inflammation supports a diagnosis of NAR.

Acoustic rhinometry is an adjunct in the diagnostic workup and may also provide objective measures of nasal patency.[33] Chronic rhinitis has been is associated with smell impairment.[51] Smell testing is a useful addition in the diagnostic 
workup of patients with NAR. A computed tomography scan of the sinuses is obtained in patients who are suspected of having sinus disease; a magnetic resonance imaging scan of the head and neck is also warranted in cases of mass lesions.

TREATMENT OF NONALLERGIC RHINITIS

Patient education is very important, as initial intervention is required to treat NAR. Patients frequently are not aware of the specific trigger that incites their congestion and discomfort, but a thorough and accurate history can often elucidate 
the cause of an individual's problem. After being informed, the patient can take an active role in his or her health care and control his or her environment. Avoidance of inciting factors such as perfumes, tobacco smoke, cleaning supplies, and 
certain foods or wines can usually be accomplished without great difficulty. If a change in environment is not feasible, occupational exposures can be eliminated using masks and protective coverings. The associated medications can be 
discontinued or changed. Exercise is an important and frequently overlooked adjunct to therapy; vigorous exercise decreases nasal congestion by stimulating adrenergic receptors in the nasal mucosa. Unfortunately, in many circumstances, 
inciting exposure cannot be avoided, exercise does not control symptoms, and no substitute exists for an essential medication. In these cases, rather than simply accepting rhinorrhea and congestion, medical therapy can be used the help 
control the symptoms of NAR.

 
TABLE 43-1

Generic Name Trade Name Dosage Multiple that Suppresses HPA

Dexamethasone Dexacort TID Any dose greater than TID

Beclomethasone Vancenase BID-QID 5 times the QID dosing



 Beconase BID-QID 5 times the QID dosing

 Vancenase AQ DS QD 5 times the QD dosing

 Beconase AQ BID 5 times the BID dosing

Flunisolide Nasalide BID 3.5 times the BID dosing

 Nasarel BID 3.5 times the BID dosing

Triamcinolone Nasacort QD 16 times the QD dosing

 Nasacort QD QD 16 times the QD dosing

Budesonide Rhinocort QD 4 times the QD dosing

Fluticasone Flonase QD 8 times the QD dosing

Mometasone Nasonex QD 20 times the QD dosing
 
Topical nasal steroids are widely used for the treatment of NAR. Several different preparations exist and are listed in Table 43-1 . These agents work on the nasal mucosa, thereby resulting in decreased neutrophil and eosinophil chemotaxis, 
reduced mast cell and basophil mediator release, and thus decreased edema and inflammation.[45] Effectiveness of nasal steroids requires that the drug comes in contact with and penetrates the nasal mucosa. Optimal administration requires 
propelling the medications into the nasal cavity. Pointing the spray nozzle upward and away from the nasal septum is recommended. Anatomic obstruction resulting from polyps and turbinate hypertrophy may prevent topical steroids from 
reaching their destination. Decongestants—either topical or systemic—can be used to decrease mucosal edema and assist with the initiation of topical nasal steroid application. After the topical steroids consistently and successfully reach the 
nasal mucosa, decongestants should be tapered and discontinued. Physiologically normal saline is another useful adjunct to therapy; rinsing with this substance increases steroid efficacy at the mucosal level. In addition to cleansing the nose, 
saline improves ciliary function and mucociliary clearance.

Topical steroids are generally tolerated quite well, and side effects are infrequently encountered. The most commonly reported side effects include septal irritation, nasal dryness and crusts, epistaxis, throat dryness, and headaches. Septal 
perforation has been reported but is uncommon[8] ; even rarer are systemic side effects. Approximately 20% of intranasal steroid preparations are absorbed into the nasal mucosa; the majority of the remaining 80% are swallowed and undergo 
first-pass hepatic metabolism in the portal circulation. There is conflicting evidence regarding whether the portion absorbed by the nasal mucosa can cause systemic complications.[4] [11] [12] [25] [30] Concern
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about the bioavailability after topical use has arisen, and a definitive answer is not entirely clear; exceeding recommended dosage and using topical steroids in conjunction with other steroid inhalants certainly increases this risk. The "margin 
of safety" refers to the multiple of the recommended initial dose that will suppress cortisol production and cause systemic problems.

Antihistamines can be administered orally, parenterally, or topically. First-generation agents include diphenhydramine, chlorpheniramine, and clemastine; they are the most potent and effective antihistamines available. However, these drugs 
are lipophilic and cross the blood-brain barrier. As a result, central nervous system depression that causes sedation, drowsiness, and motor and cognitive impairment is their primary limitation. Other side effects are related to their 
anticholinergic properties.

Terfenadine and astemizole were developed and released in the mid 1980s. These medications were intended to possess positive antihistamine qualities without sedation. Unfortunately, cardiac arrhythmias and death were among the 
complications due to their metabolism by the hepatic cytochrome P450 enzymes.[2] [43] Terfenadine and astemizole are no longer available in the United States. The successful later-generation, nonsedating, lipophilic antihistamines loratadine, 
cetirizine, and fexofenadine are now available. Table 43-2  

TABLE 43-2 -- COMMONLY PRESCRIBED ANTIHISTAMINES

Generic Name Trade Name Dose

First generation   

Diphenhydramine Benadryl 25–50 mg Q 4–6 hours PRN

  6.25 mg Q 4–6 hours (pediatric)

Clemastine Tavist 1–2 mg BID-TID PRN

  .5 mg BID (pediatric)

Chlorpheniramine Chlor-Trimeton 4 mg Q 4–6 hours

  1 mg Q 4–6 hours (2–6 year olds)

  2 mg Q 4–6 hours (6–12 year olds)

Second generation   

Acrivastine Semprex D 8 mg TID

Loratadine Claritin 10 mg QD

  5 mg QD (2–12 year olds)

Third generation   



Fexofenadine Allegra 60 mg BID

  30 mg (6–11 year olds)

Cetirizine Zyrtec 10 mg QD

  5–10 mg QD (6–11 year olds)

Topical   

Azelastine Astelin 2 sprays per nostril BID

  1 spray per nostril BID (5–12 year olds)
 
provides a list of antihistamines and their dosing.

Histamine release is the pathophysiology indicated in AR. For this reason, antihistamines would seemingly be a poor choice for NAR. However, azelastine—a topical antihistamine—is approved for use in both AR and NAR. Azelastine is an 
H1-receptor antagonist. In addition, it inhibits the synthesis of leukotrienes, kinins, and cytokines, the expression of intercellular adhesion molecules, and the generation of superoxide free radicals. This antiinflammatory effect, which is 
unrelated to H1-receptor antagonism, allows azelastine to provide relief in NARES and vasomotor rhinitis.[3] [29] 

Anticholinergic medications provide relief from bothersome and unrelenting rhinorrhea in NAR. Oral preparations cause blurred vision, drying of the mouth, drying of the eyes, and thickened secretions; these systemic side effects are 
disturbing and outweigh the potential benefits of this medication. Alternatively, ipratropium bromide, which is a topical anticholinergic, acts locally and blocks parasympathetic input to the nasal mucosa only. Systemic side effects are 
uncommon with ipratropium bromide; epistaxis and nasal dryness may occur, but they are rarely intolerable, and they decrease in incidence with prolonged use of the medication. [19] Two strengths are available: 0.03% and 0.06%; treatment of 
NAR is
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limited to the former. Initially, two sprays are given three times a day. Symptom control should become apparent within one week. When symptoms abate, the dosing can be lowered by one spray at a time. One spray two times daily is the 
lowest recommended maintenance dose.

Surgery is also used in recalcitrant cases to address specific symptoms in NAR rhinitis. Nasal polyps, hypertrophic inferior turbinates, and septal spurs or deviation may completely obstruct a nasal passage. As stated, topical medications must 
reach the nasal mucosa to be effective. In these circumstances, surgical intervention may be warranted. Little debate exists about the performance of a nasal polypectomy that is resistant to medical therapy. Tissue conservation and mucosal-
sparing techniques are used wherever possible to retain physiologic function and reduce the risk of atrophic rhinitis.

In addition to highly vascular mucosa, the membranes of the inferior turbinates contain venous sinusoids surrounded by smooth muscle fibers under autonomic control[40] ; there is also a rich supply of mucous and serous glands. As such, 
turbinate hypertrophy contributes to nasal obstruction and drainage. Hypertrophy that is unresponsive to medical therapy can be addressed in a variety of ways: electrocautery, laser ablation, submucosal resection, lateral displacement, partial 
turbinectomy, and radiofrequency ablation. The goals are to use conservative approaches to minimize interference with turbinate function and to preserve mucociliary transport, secretion, filtration, temperature modulation, and regulation of 
nasal airflow. A variety of techniques are also available when contemplating a septoplasty; the specifics of these procedures are described elsewhere in this volume and are beyond the scope of this discussion.

In 1959, Malcomson[32] demonstrated that overactive parasympathetic input resulted in vasomotor rhinitis. In subsequent years, Golding-Wood[18] produced clinical evidence to support Malcomson's work; this supported the development of 
surgical procedures for the treatment of obstinate cases of chronic rhinitis. Initially attempts were made to section the greater superficial petrosal nerve, but facial palsy risk was unacceptably high, so a new approach was desired. In 1961, 
Golding-Wood popularized the transantral vidian neurectomy.[17] 

During the past 40 years, several different approaches to the vidian nerve have been utilized to address persistent rhinorrhea that is resistant to more conservative measures. The transantral approach requires resection of the anterior and 
posterior walls of the maxillary sinus; this places the adjacent internal maxillary artery, maxillary nerve, superior alveolar nerve, and sphenopalatine ganglion at risk. Transpalatal nerve section can lead to oronasal or orosinusal fistulas. Risks 
of transethmoidal approaches include bleeding (as a result of damage to ethmoidal arteries) and vision damage. Current trends favor endoscopic transnasal approaches. Although technically more challenging, this transnasal approach has a 
lower morbidity as compared with other methods described.[13] [24] [25] Other complications, which are independent of approach, include decreased lacrimation, mucosal engorgement when supine, and dysesthesia.

The preceding portion of this chapter describes the classification of the multiple causes of NAR. When considering treatment, these can be organized into the following broad subject headings: NARES, hormonal causes, medications, irritant 
etiologies, atrophic rhinitis, anatomic obstruction, systemic disorders, and idiopathic rhinitis. This organization is preferred, because the treatments of irritant forms of rhinitis—chemical sensitivity, temperature-induced rhinitis, gustatory 
rhinitis, and their many subsets—are essentially identical depending on the prevailing symptoms. Similarly, hormonal rhinitis encompasses menstrual changes, pregnancy, and hypothyroidism and requires the adjustment of these underlying 
causes. As discussed previously, medication-induced rhinitis is relieved by the substitution of other medications.

Conservative management is appropriate in the majority of pregnant patients who present with rhinorrhea; patients can be reassured that symptoms will almost certainly cease within two to four weeks of their delivery. As full term 
approaches, blood shunts toward the enlarging uterus and away from peripheral circulation; the result is decreased nasal engorgement and less rhinorrhea.

If required, a number of therapeutic regimens are available for pregnant women. However, before starting a patient on a new medication, the individual's obstetrician should be consulted. Nasal saline irrigations help with the clearing of the 
nasal cavities and will provide mild decongestion. Diphenhydramine and chlorpheniramine may be used when needed, although caution is warranted during the first trimester. Decongestants can also be used, but gastroschisis has been 
reported if they are taken during the first trimester. The effects of topical steroids have been extrapolated from their use in pregnant patients with asthma.[48] Steroids effectively control rhinitis and congestion and do not appear to pose a risk to 
the fetus.[31] Other hormonal causes of rhinitis are responsive to the same medications. Hypothyroid and menstrual causes do not threaten a fetus.

Given the findings of eosinophils and inflammation on nasal cytology, NARES responds to topical nasal steroids.[49] Fluticasone is currently the only topical
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steroid with indications for NAR; it has been found to be effective in patients with NARES as well as in patients with NAR without eosinophilia.[64] 

To address other forms of NAR, similar management can be undertaken. Conservative management, including the avoidance of irritating substances, cold weather, and certain foods and wine, should be attempted first. The value of regular 
exercise should once again be stressed to the patient. The treatment of underlying diseases and the adjustment of associated medications can bring significant relief. If pharmacologic therapy is initiated, ipratropium bromide is an excellent 
choice for patients who are complaining mainly of rhinorrhea. Topical steroids or azelastine given with or without nasal saline and decongestants, if necessary, are also efficacious. Finally, surgical correction should be considered if 
symptoms are recalcitrant to conservative or medical management. Vidian neurectomy, which is described earlier in this chapter, is the treatment of choice for persistent rhinorrhea. When hypertrophy is present, inferior turbinate surgery can 
relieve obstruction and rhinorrhea. Surgery to correct anatomic obstruction with septoplasty is also beneficial in many cases.

As discussed in the chapter, many rheumatologic diseases have otolaryngologic manifestations. Wegener's granulomatosis, Churg-Strauss syndrome, sarcoidosis, and relapsing polychondritis are the four conditions that are most likely to 
affect the nose and nasal passages. Treatment of these conditions is primarily accomplished with immunosuppressive medications and/or antibiotics.

 
 
REFERENCES  
 
1. AHRQ Publication No. 02-E023: Management of allergic and nonallergic rhinitis, Summary, Evidence Report/Technology Assessment No. 54, May 2002, Agency for Healthcare Research and Quality, www.ahrq.gov.  
 
2. Ament PW, Paterson A: Drug interactions with the nonsedating antihistamines, Am Fam Physician 56:223, 1997.  
 
3. Banov CH, Lieberman PL: Efficacy of azelastine nasal spray in the treatment of vasomotor (perennial nonallergic) rhinitis, Ann Allergy Asthma Immunol 86:28, 2001.  
 
4. Banov CH and others: Once daily intranasal fluticasone propionate is effective for perennial rhinitis, Ann Allergy 73:240, 1994.  
 
5. Bascom R, Kagey-Sobotka A, Proud D: Effect of intranasal capsaicin on symptoms and mediator release, J Pharmacol Exp Ther 259:1323, 1991.  
 
6. Berger WE and others: New challenges to old standards in the treatment of rhinitis, J Managed Care Pharm 7:4, 2001.  
 
7. Borum P: Nasal methacholine challenge: a test for the measurement of nasal reactivity, J Allergy Clin Immunol 63:253, 1970.  
 
8. Cervin A, Anderson M: Intranasal steroids and septum perforation—an overlooked complication? A description of the course of events and a discussion of the causes, Rhinology 36:128, 1998.  
 
9. Corey JP: Vasomotor rhinitis should not be a wastebasket diagnosis, Arch Otolaryngol Head Neck Surg 129:588, 2003.  
 
10. Corey JP, Houser SM, Ng BA: Nasal congestion: a review of its etiology, evaluation, and treatment, Ear Nose Throat J 79:690, 696, 698 passim, 2000.  
 
11. Day J and others: Budesonide aqueous nasal spray and pressurized metered-dose inhaler in the treatment of adult patients with seasonal allergic rhinitis, Am J Rhinol 11:77, 1997.  
 
12. Edsbacker S, Anderson KE, Ryrfeldt A: Nasal bioavailability and systemic effects of the glucocorticoid budesonide in man, Eur J Clin Pharmacol 29:477, 1985.  
 
13. Fernandes CM: Bilateral transnasal vidian neurectomy in the management of chronic rhinitis, J Laryngol Otol 108:569, 1994.  
 
14. Finn AF and others: Ipratropium bromide nasal spray .03% provides additional relief from rhinorrhea when combined with terfenadine in perennial rhinitis patients; a randomized, double-blind, active-controlled trial, Am J Rhinol 12:441, 1998.  
 
15. Fokkens WJ: Thoughts on the pathophysiology of nonallergic rhinitis, Curr Allergy Asthma Rep 2:203, 2002.  
 
16. Georgitis JW: Prevalence and differential diagnosis of chronic rhinitis, Curr Allergy Asthma Rep 3:202, 2001.  
 
17. Golding-Wood PH: Observations on petrosal and vidian neurectomy in chronic vasomotor rhinitis, J Laryngol Otol 75:232, 1961.  
 
18. Golding-Wood PH: Pathology and surgery of chronic vasomotor rhinitis, J Laryngol Otol 76:969, 1962.  
 
19. Grossman J and others: Use of ipratropium bromide nasal spray in chronic treatment of nonallergic perennial rhinitis, alone and in combination with other perennial rhinitis medications, J Allergy Clin Immunol 95:1123, 1995.  
 
20. Hadley JA: Vasomotor rhinitis remains a true clinical problem, Arch Otolaryngol Head Neck Surg 129:587, 2003.  
 
21. Hilberg O, Grymer LF, Pedersen OF: Nasal histamine challenge in nonallergic and allergic subjects evaluated by acoustic rhinometry, Allergy 50:166, 1995.  
 
22. Jacobs RL, Freedman PM, Boswell RN: Nonallergic rhinitis with eosinophilia (NARES syndrome): clinical and immunologic presentation, J Allergy Clin Immunol 67:253, 1981.  
 
23. Jaradeh SS and others: Autonomic nervous system: evaluation of patients with vasomotor rhinitis, Laryngoscope 110:1828, 2000.  
 
24. Kamel R, Zaher S: Endoscopic transnasal vidian neurectomy, Laryngoscope 101:316, 1991.  



 
25. Knutson U and others: Effects of intranasal glucocorticoids on endogenous glucocorticoid in peripheral and central function, J Endocrinol 144:301, 1996.  
 
26. Krajina, Z: Critical review of vidian neurectomy, Rhinology 27:271, 1989.  
 
27. Lacroix JS and others: Improvement of symptoms of nonallergic chronic rhinitis by local treatment with capsaicin, Clin Exp Allergy 21:595, 1991.  
 
28. Levenson T, Greenberger PA: Pathophysiology and therapy for allergic and nonallergic rhinitis: an updated review, Allergy Asthma Proc 18:213, 1997.  
 
29. Lieberman PL, Settipane RA: Azelastine nasal spray: a review of the pharmacology and clinical efficacy in allergic and nonallergic rhinitis, Allergy Asthma Proc 24:95, 2003.  
 
30. Lipworth BJ: New perspectives on inhaled drug delivery and systemic bioactivity, Thorax 50:105, 1995.  
 
31. Mabry RL: The management of nasal obstruction during pregnancy, Ear Nose Throat J 62:28, 1983.  
 
32. Malcomson KG: The vasomotor activities of the nasal mucous membrane, J Laryngol Otol 73:733, 1959. 

1000

 
 
33. Mamikoglu B, Houser SM, Corey JP: An interpretation method for objective assessment of nasal congestion with acoustic rhinometry, Laryngoscope 112:926, 2002.  
 
34. Marabini S, Ciabatti PG, Polli G: Beneficial effects of intranasal applications of capsaicin in patients with vasomotor rhinitis, Eur Arch Otorhinolaryngol 248:191, 1991.  
 
35. Meggs WJ: Multiple chemical sensitivities—chemical sensitivity as a symptom of airway inflammation, J Toxicol Clin Toxicol 33:107, 1995.  
 
36. Meggs WJ: Neurogenic inflammation and sensitivity to environmental chemicals, Environ Health Perspect 101:234, 1993.  
 
37. Meggs WJ, Cleveland CH Jr: Rhinolaryngoscopic examination of patients with the multiple chemical sensitivity syndrome, Arch Environ Health 48:14, 1993.  
 
38. Meggs WJ and others: Nasal pathology and ultrastructure in patients with chronic airway inflammation (RAD and RUDS) following irritant exposure, Clin Toxicol 34:383, 1996.  
 
39. Moore EJ, Kern EB: Atrophic rhinitis: a review of 242 cases, Am J Rhinol 15:355, 2001.  
 
40. Moore GF and others: Extended follow-up of total inferior turbinate resection for relief of chronic nasal obstruction, Laryngoscope 95:1095, 1985.  
 
41. Naclerio RM and others: Cold dry air-induced rhinitis: effect of inhalation and exhalation through the nose, J Appl Physiology 79:467, 1995.  
 
42. Raphael G, Raphael MH, Kaliner M: Gustatory rhinitis: a syndrome of food-induced rhinorrhea, J Allergy Clin Immunol 83:110, 1989.  
 
43. Renwick AG: The metabolism of antihistamines and drug interactions: the role of cytochrome P450 enzymes, Clin Exp Allergy 29:116, 1999.  
 
44. Philip G, Togias AG: Nonallergic rhinitis pathophysiology and models for study, Eur Arch Otorhinolaryngol 252(Suppl 1):S27, 1995.  
 
45. Pipkorn U and others: Inhibition of mediator release in allergic rhinitis by pretreatment with topical glucocorticosteroids, N Engl J Med 316:1506, 1987.  
 
46. Sanico A, Togias A: Noninfectious, nonallergic rhinitis (NINAR): considerations on possible mechanisms, Am J Rhinol 12:65, 1998.  
 
47. Savard P, Stoney PJ, Hawke M: An anatomical study of vidian neurectomy using an endoscopic technique: a potential new application, J Otolaryngol 22:125, 1993.  
 
48. Schatz M: The safety of asthma and allergy medications during pregnancy, Can J Allergy Clin Immunol 2:242, 1983.  
 
49. Settipane RA, Lieberman P: Update on nonallergic rhinitis, Ann Allergy Asthma Immunol 86:494, 2001.  
 
50. Shusterman DJ, Balmes JR: A comparison of two methods for determining nasal irritant sensitivity, Am J Rhinol 11:371, 1997.  
 
51. Simola M, Malmberg H: Sense of smell in allergic and nonallergic rhinitis, Allergy 53:190, 1998.  
 
52. Smith TL: Vasomotor rhinitis is not a wastebasket diagnosis, Arch Otolaryngol Head Neck Surg 129:584, 2003.  
 
53. Sobol SE, Christodoulopoulos P, Hamid QA: Inflammatory patterns of allergic and nonallergic rhinitis, Curr Allergy Asthma Rep 3:193, 2001.  
 
54. Sobol SE and others: Clinical manifestations of sinonasal pathology during pregnancy, J Otolaryngol 30:24, 2001.  



 
55. Spector SL: Allergic and nonallergic rhinitis: update on pathophysiology and clinical management, Am J Ther 2:290, 1995.  
 
56. Stjarne P and others: Local capsaicin treatment of the nasal mucosa reduces symptoms in patients with nonallergic nasal hyperreactivity, Am J Rhinol 5:145, 1991.  
 
57. Stjarne P and others: Capsaicin and nicotine-sensitive afferent neurons and nasal secretion in healthy human volunteers and in patients with vasomotor rhinitis, Br J Pharmacol 96:693, 1989.  
 
58. Sumir M, Magdy S, El Fetch AA: Air pollution in relation to allergic and nonallergic rhinitis, Arch Otolaryngol Head Neck Surg 123:746, 1997.  
 
59. Togias AG: Non-allergic rhinitis. In Mygind N, Naclerio RM, editors: Allergic and non-allergic rhinitis clinical aspects, Munskgaard, Copenhagen, 1993, W.B. Saunders.  
 
60. Togias A and others: Mediator release during nasal provocation: a model to investigate the pathophysiology of rhinitis, Am J Med 79(Suppl 6A):26, 1985.  
 
61. Togias A and others: Studies on the allergic and nonallergic nasal inflammation, J Allergy Clin Immunol 81:782, 1988.  
 
62. Togias AG and others: Nasal challenge with cold, dry air results in the production of inflammatory mediators: possible mast cell involvement, J Clin Invest 76:1375, 1985.  
 
63. Togias A and others: The osmolality of nasal secretions increases when inflammatory mediators are released in response to inhalation of cold, dry air, Am Rev Respir Dis 137:625, 1988.  
 
64. Webb DR and others: Intranasal fluticasone propionate is effective for perennial nonallergic rhinitis with or without eosinophilia, Ann Allergy Asthma Immunol 88:385, 2002.  
 

1001

Chapter 44 - THE NASAL SEPTUM

Russell W. H. Kridel 
Paul E. Kelly 
Allison R. MacGregor 

INTRODUCTION

The nasal septum serves many functions, including separation of the nasal airway into two distinct chambers, support of the nasal dorsum, and maintenance of the shape of the columella and tip. Traumatic deviation or developmental 
abnormalities of the nasal septum can lead to significant nasal airway obstruction and cosmetic deformity. Poor airflow can lead to impaired olfaction, impaired humidification and filtering of the passing air, and reduced oxygen inflow. 
Anatomic septal deviation can also lead to chronic sinus disease and can sometimes be reflected as an external nasal deformity. The septoplasty operation has evolved from simple cartilage manipulation to today's more complex procedures, 
which are often combined with surgery on the turbinates and valves. Septoplasty corrects structural deformities of the nasal septum to relieve nasal obstruction. When septoplasty is combined with rhinoplasty, the procedure may help to 
straighten the deviated nose and provide cartilage grafts. Septoplasty is also performed in patients with a history of severe epistaxis caused by septal varices that develop from anterior cartilage deviation and the secondary interruption of 
lamellar airflow with resultant drying and irritation of the mucosa.

ANATOMY AND EMBRYOLOGY OF THE NOSE

Development of the nasal airway begins during the fourth week of gestation. Collections of neural crest cells undergo proliferation and form the nasal placodes.[5] [19] On the fetal face, adjacent cells proliferate and give rise to the medial and 
lateral nasal processes. The frontal and maxillary processes fuse to give origin to the lateral two thirds of the upper lip, the superior alveolar ridges, and the palatal shelves. The medial nasal processes join the maxillary processes to form the 
philtrum and columella; they also fuse with the frontal prominence to form the frontonasal process, which eventually encompasses the nasal bones, the frontal bones, the cartilaginous nose, the ethmoid bones, the central incisors, and the hard 
palate. With the growth of the medial and lateral nasal processes, two nasal pits form that invaginate until only the nasobuccal membrane remains. This membrane eventually ruptures by the tenth week, thereby allowing communication 
between the nose and the nasopharynx.[5] [59] 

The nasal septum develops as a downgrowth from the merged medial nasal processes and the nasofrontal process, thus defining the right and left nasal cavities. The nasal septum and the palatine processes begin to fuse anteriorly during the 
ninth week, and fusion is completed posteriorly by the twelfth week.[5] [59] 

During the late embryonic period, the epithelium invaginates on each side of the nasal septum, thereby forming diverticula that are known as the vomeronasal organs. A vomeronasal cartilage develops ventral to each diverticulum. Shortly 
before birth, the vomeronasal organs begin to regress and usually disappear completely; the vomeronasal cartilages are usually the only adult remnants. These narrow strips of cartilage are located between the inferior edge of the cartilage of 
the nasal septum and the vomer.[59] They are often found in conjunction with a septal spur, and they can be used as cartilage grafting material when other sources are absent or exhausted ( Figure 44-1 ).

The cartilaginous framework of the nose develops from three paired mesenchymal condensations in both the medial and lateral nasal swellings. Part of this cartilage begins to ossify, thereby forming the membranous bone encasing the vomer 
and perpendicular cartilaginous plates. The perpendicular plate of the ethmoid and the nasal bones do not completely ossify until puberty.[5] Injury to the nose in the young child or teenager may not elicit a true fracture, but it may instead 
create growth changes in this transitioning tissue, which may ultimately result in a deviated posterior bony septum or even the formation of a spur.
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Figure 44-1 Intraoperative photo showing a septal spur with cartilage and bone overlap beginning at the bony-cartilaginous junction of the septum and going posteriorly. This cartilage strip can be utilized for grafting material if no other 
source of autologous cartilage is available. 

 

Figure 44-2 This lateral schematic depicts one of many configurations of the bony and cartilaginous posterior of the septum that vary substantially from patient to patient. What is fairly consistent however is the posterior triangular segment 
of cartilaginous septum which often overlaps the bony septum. 

 

Figure 44-3 Depiction of the blood and neural supply to the nasal septum. 

 

Figure 44-4 A, Deviated nose prior to septoplasty. B, The significant correction of the deviated nose with septoplasty alone makes it incumbent on surgeons to always straighten the deviated septum prior to any lateral or medial osteotomies. 



 

Figure 44-5 A, Patient breathing through the nose at rest. B, Collapse of the nasal sidewall inclusive of nasal valve with forced inspiration. 



 

Figure 44-6 Cottle Maneuver assessing for nasal valve component to nasal obstruction. 

 

Figure 44-7 Patient with tip ptosis. Note the acute nasolabial angle. 

 

Figure 44-8 Schematic depicting (a) the external nasal valve area and angle and (b) internal nasal valve. 

 

Figure 44-9 Intra-operative photo showing scar band from the septum to the lateral nasal side wall. 



 

Figure 44-10 The Acoustic Rhinometer used to assess for intranasal cross sectional area. (Photo provided courtesy of Hood Laboratories.) 

 

Figure 44-11 Rhinogram generated by the Acoustic Rhinometer. 

 

Figure 44-12a A, Schematic showing the Killian incision and the hemi-transfixion incision. Note the incision placements relative to the caudal end of the septum. 



 

Figure 44-12b B, The Cottle elevator is inserted in a subperichondrial pocket and the flap is elevated. 

 

Figure 44-13 The Cottle and Freer Elevator. Note the two faces of the Cottle instrument, one spade like and the other more blunt. The spade end is used to initiate the separation of between the microperichondrium and the cartilage; once the 
flap is raised anteriorly, the blunt end is used to elevate posteriorly. 

 

Figure 44-14 Schematic showing the 1 cm caudal and dorsal segment that should be left intact so as to provide tip and dorsal nasal support (L-strut.) 



 

Figure 44-15 A, Schematic showing the relationship of the trough of the maxillary crest and the inferior aspect of the septum. B, Schematic showing the inferior aspect of the septum shifted from a crest which is also deviated and needs to be 
reduced. 

 

Figure 44-16 A deviated septum that is off to the side of the maxillary crest must be separated from the bony perpendicular plate; the inferior cartilaginous portion must be trimmed so it can be slid back onto the crest by swinging it back to 
the midline, basing its attachment superiorly. Once back into the midline, the caudal end is sutured to the periosteum of the maxillary crest to maintain its position. If a caudal deviation is also present, a tongue-in-groove maneuver may also 
be necessary by placing and sewing the caudal end of the septum in between the medial crura. 

 

Figure 44-17 Schematic demonstrating wedge excision of septal fracture or deviation. 

 

Figure 44-18 Schematic showing unilateral spreader graft placement for septal straightening. 



 

Figure 44-19 A non-healing fissure of the skin of the apical nostril can be caused by rubbing sutures against the skin while tying intranasal knots. 

 

Figure 44-20 Photo showing the widened columella created by caudal septal deviation which additionally pushes the medial crura into the airway. 

 

Figure 44-21 Schematic showing the tongue in groove technique marked by interposition of the caudal septum between the feet of the medial crura. 

 

Figure 44-22 A, Patient with loss of projection and tip ptosis second to overaggressive resection of the caudal septum. B, Patient after caudal septal replacement. 



 

Figure 44-23 Photograph of the typical patient with a tension septum. In such a patient, the cartilaginous dorsum projects above the dome tip cartilages, tents up the soft tissue of the nose, narrows the middle third of the nose, and causes a 
tethered appearance to the upper lip. 

 

Figure 44-24 Photograph of a post-rhinoplasty patient with an "inverted V" sign seen secondarily to descent of the upper lateral cartilages or improper replacement post-rhinoplasty. 

 

Figure 44-25 Spreader grafts are placed between the septum and the upper lateral cartilages to widen the internal nasal valve angle and correct nasal obstruction. 



 

Figure 44-26 Schematic showing the spreader grafts interposed between the septum and upper lateral cartilages with the septal membrane released inferiorly. A horizontal mattress suture attaches the upper lateral cartilages, spreaders, and 
septum together. 

 

Figure 44-27 Intraoperative photograph showing alar batten placement technique to the lower lateral cartilages designed to strengthen the external nasal valve. 

 

Figure 44-28 Photograph of a patient with a large central septal perforation and secondary nasal saddling. 

 

Figure 44-29 If a high septal deviation extends to the cartilaginous dorsum and one attempts to remove the full deviation, the dorsum might saddle, especially if a concomitant rhinoplasty with osteotomies is performed. 



 

Figure 44-30 A favored high to low to high osteotomy technique effectively preserves the pyriform triangle and the fibrous attachments of the nasal sidewall. 

 

Figure 44-31 Quilting mattress sutures of the septal flaps prevent hematomas and bleeding and obviate the need for internal splints. 

 

Figure 44-32 A soft telfa pack coated in antibiotic cream is inserted into the nose at the completion of the nasal operation to prevent clots. 
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Chapter 45 - RHINOPLASTY

M. Eugene Tardy Jr. 
J. Regan Thomas 

SURGICAL PHILOSOPHY

Technical advances in rhinoplasty techniques inexorably develop as the virtues of new operative procedures are proved by the creation of favorable long-term outcomes. The common philosophy surrounding rhinoplasty, however, remains 
constant: the operation is best achieved by conservative techniques based on (1) the exact anatomy encountered and (2) refinement techniques planned to achieve natural and normal-appearing outcomes. Radical departures from time-proven 
techniques should only be considered when significantly variant anatomic features are encountered.

Aesthetic and reconstructive rhinoplasty, universally acknowledged as the most elegant but most difficult of all plastic surgical procedures, has reached the 100th anniversary of its modern development. Although certain refinements in 
technique gained progressive acceptance during the first three quarters of the 20th century, the fundamental operation remained a primarily tissue reduction procedure, characterized by various degrees of excision (often rather profound) of 
the fundamental nasal anatomic components.

In the past 20 years, a striking revolution has occurred in the fine points of analysis and technique, guided by surgeons devoted to tissue reorientation and augmentation rather than resection, individualization of technique rather than a lock-
step approach, and atraumatic tissue dissection in proper nasal cleavage planes. A more thorough understanding of and respect for the long-term surgical outcome now dominates and guides the selection of the surgical technique because 
surgeons are no longer content with satisfactory short-term results at the expense of risking future visual and functional misadventures. Thus, all modifications to nasal structures should factor in the dynamic effects each maneuver exerts 
upon the immediate overall nasal appearance, in the nasal airway, and the anticipated control of the vagaries of healing nasal tissues. Clearly, the surgically altered nose continues to be modified by the healing process and certain inexorable 
aging phenomena during the lifetime of the patient. Thus, it is seldom possible to designate a "final result" after nasal surgery.

The philosophy, approaches, and graduated techniques presented in this chapter seek to document and validate the long-term virtues of accurate detailed analysis and planning, atraumatic and conservative surgical techniques devoted to 
tissue repositioning and reorientation, and methods of exercising the highest control over the healing process.

PREOPERATIVE PATIENT ASSESSMENT

Anatomic Evaluation

The final result of any rhinoplasty procedure is the consequence of the individual patient's anatomy ( Figure 45-1 and Plate 1 (Figure Not Available) and Plate 2 (Figure Not Available) ) as much as the surgeon's skill. No two noses are ever 
quite alike; it follows then that no single, standard procedure suffices to reconstruct every nose pleasingly. The ability to diagnose the possibilities and limitations inherent in each patient is an absolute prerequisite to achieving outstanding 
results. Sometimes patients with minimal deformities (a small hump; a minimally bulbous tip; a slightly overwide nose) are the best candidates for near-perfect surgical results ( Figure 45-2a and Figure 45-2b ). Because the initial problem is 
minimal, however, this group of patients often expects and even demands perfection. More dramatic surgical results are possible in patients who demonstrate significant departures from an aesthetic ideal (a large hump; an elongated, 
drooping nose; a twisted nose); these patients might tolerate possible minor imperfections that result because the overall improvement is dramatic ( Figure 45-3a and Figure 45-3b ). It is the fundamental responsibility of the surgeon to 
balance the wishes and desires of the patient with what is realistically possible given the anatomic limitations (or possibilities) inherent in each individual nose.
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Figure 45-1 Practical nasal surgical anatomy. A, Lateral view. B, Base view. 



 

Figure 45-2a Ideal candidate for rhinoplasty surgery. A, C, and E, Preoperative views. B, D, and F, Postoperative views. 



 

Figure 45-2b 

 

Figure 45-3a Reconstruction of twisted nose, demonstrating major surgical changes in, A and B, frontal, and, C and D, lateral views. 



 

Figure 45-3b E and F, Base views. 



 

Figure 45-4 Revision repair of patient referred with typical soft tissue "pollybeak" deformity. Supratip scar carefully excised with restoration of appropriate tip-supratip relationship. Cartilage only graft covers dorsum to smooth and improve 
contour of nasal skeleton. A, Preoperative view. B, Postoperative view. 

 

Figure 45-5 Forceful depression of nasal tip structures, with assessment of tip recoil, guides surgeon to a better understanding of strength and integrity of tip-support mechanisms. This information is vital in selecting proper tip sculpture 
technique. 

 

Figure 45-6 A patient with thin, delicate alar sidewalls. Overaggressive excision or weakening of alar cartilages in such patients may result in progressive postoperative alar collapse and consequent nasal obstruction and asymmetry. 



 

Figure 45-7 A, A young patient demonstrating classic prolongation of caudal aspect of quadrangular cartilage, leading to webbed, indistinct nasolabial angle, overprojecting tip, and nasal proportion disharmony. B, Reduction of overlong 
caudal quadrangular cartilage with profile reduction combined with augmentation of deep nasofrontal angle with onlay cartilage graft. Note improvement in lip contour and overall nasal and facial proportion and balance. 

 

Figure 45-8 Typical deviated ethmoid perpendicular plate. Narrowing the nasal bony sidewalls without initially correcting septal deviation inevitably leads to creation of nasal obstruction, even if none existed preoperatively. 

 

Figure 45-9 Relatively ideal proportions of the human face on frontal view. 



 

Figure 45-10 Ideal proportions, lateral view. 

 

Figure 45-11 Ideal photographic views of rhinoplasty should include, at minimum, A, frontal, B, lateral, C, oblique, and D, basal. Smiling view is often helpful. (Left oblique and lateral not shown.) In special cases, close-up views may 
provide additional documentation. 



 

Figure 45-12 Projection of enlarged patient image in operating room to assist in intraoperative surgical decisions. 

 

Figure 45-13 The components of a successful rhinoplasty. 

 

Figure 45-14 Anesthetic infiltration of internal (medial) aspects of ascending process of maxilla as well as lateral surface creates vasoconstricted pathway for progression of lateral osteotomy, thereby reducing or eliminating bleeding and 
edema. 



 

Figure 45-15 A, Anesthetic infiltration of submucoperichondrial plane results in "hydraulic dissection" of mucoperichondrial flap. B, Facile elevation of mucoperichondrial septal flap is more easily accomplished when proper anesthetic 
infiltration is carried out. 

 

Figure 45-16 Increments of cartilaginous dorsum are shaved away with a sharp knife under direct vision until a satisfactory tip-supratip relationship is established. Except in unusual circumstances, underlying mucoperichondrium bridging 
upper lateral cartilages to quadrangular cartilage is always preserved. The hump can alternatively reduced by resecting cartilage and bony elements in an "en-bloc" manner. 

 



Figure 45-17 Neurosurgical cottonoids, moistened with color-coded 4% cocaine solution, are positioned in each nasal cavity before infiltration of local anesthetic. 

 

Figure 45-18a A, Initial advancement of needle in proper plane over bony and cartilaginous vaults, with infiltration in plane between nasal skeleton and subcutaneous tissues. 

 

Figure 45-18b B, Infiltration of lateral wall of nose, intimate to nasal skeleton. C, and D, Rotation of needle within soft tissues to effect further anesthesia of lateral and dorsal nasal tissues. E and F, Infiltration of nasal base and floor with 
one-needle penetration. G, Intended pathway of low lateral osteotomies. Infiltration of local anesthetic should surround this pathway medial and lateral to ascending process. 



 

Figure 45-19 Skeletal landmarks and boundaries depicted on nasal soft tissues. Tip-defining point is indicated by black dot. 

 

Figure 45-20 A, The preoperative view of a patient desiring rhinoplasty. B, The patient 6 months after surgery performed elsewhere, demonstrating tip ptosis and loss of tip projection caused by excessive sacrifice of tip-support mechanisms. 

 

Figure 45-21 Major tip support: 1, Alar cartilage size and shape; 2, medial crural footplate attachment to caudal quadrangular cartilage; 3, upper lateral cartilage attachment to alar cartilage. Minor tip support: 4, Interdomal soft tissue; 5, 
cartilaginous dorsum; 6, Soft tissue-sesamoid complex attaching lateral crus to piriform wall; 7, alar cartilage attachment to skin and soft tissue; 8, nasal spine; 9, membranous septum. 

 

Figure 45-22 Operative algorithm useful in selecting the incisions, approaches, and techniques used in nasal tip surgery. In every case, the patient's anatomy dictates the selection. As the anatomic deformity worsens or becomes more 
abnormal, a graduated approach is taken in a stepwise fashion to correct the deformity. 



 

TABLE 45-1 -- CLASSIFICATION OF SURGICAL TERMS

Incisions Transcartilaginous

 Intercartilaginous

 Marginal

Approaches Delivery

 Nondelivery

 ••Cartilage-splitting

 ••Retrograde

 External (open)

Techniques Volume reduction with:

 ••Complete strip

 ••Weakened complete strip

 ••Interrupted strip
 
 
Figure 45-23 Considerations in tip surgery. 



 

Figure 45-24 Preservation of complete strip of alar cartilage after volume reduction is desirable. At least 6 to 10 mm of uninterrupted lateral crus in vertical dimension should be preserved to ensure long-term support and natural contouring. 
Only in special variant circumstances is the dome divided and subsequently resutured to restore continuity to the crus. 

 

Figure 45-25a Cartilage-splitting (transcartilaginous) nondelivery approach with preservation of a generous, complete strip used on patients demonstrating satisfactory preoperative projection and minimal interdomal distance who require 
only minimal tip-cartilage modeling. A, Single incision through vestibular skin only, made several millimeters cephalic to caudal margin of lower lateral cartilage. B, With scissors, vestibular skin is dissected free from a portion of the lower 
lateral cartilage to be removed. 

 

Figure 45-25b C, Mobilization of the cartilage to be excised for volume reduction of lateral crus; a portion of the dome and medial crus are included when indicated. D, Medial detachment of the lateral cartilage from the dome area. E, 
Volume reduction of the lower lateral cartilage completed with lateral detachment; a complete strip of intact residual alar cartilage remains. F, Final intended result: symmetric volume reduction and refinement of alar cartilages. A generous 
intact complete strip remains. G, Transcartilaginous incision repair with 5-0 chromic catgut. 



 

Figure 45-26a One-year surgical result using a transcartilaginous approach with volume reduction, complete strip technique. A, C, and E, Preoperative views. B, D, and F, Postoperative views. 



 

Figure 45-26b 

 

Figure 45-27a One-year surgical result using transcartilaginous approach with volume reduction, complete strip technique. Addition of chin augmentation enhances the rhinoplasty result. A, C, and E, Preoperative views. B, D, and F, 
Postoperative views. 



 

Figure 45-27b 



 

Figure 45-28 Delivery approach to surgery of alar cartilages using intercartilaginous and marginal incisions. Alar cartilages are delivered as individual bipedicle chondrocutaneous flaps for inspection and sculpturing. A, Intercartilaginous 
incision created along and above the projecting rim of the upper lateral cartilage. B, Knife elevates skin and soft tissue from the cartilaginous pyramid and septal angle, dissecting in the immediate supraperichondrial plane. C, Curved incision 
created in the vestibular skin precisely at the caudal margin of lower lateral cartilage. D, Lateral crus and dome dissected free in preparation of delivery through the nostril for sculpturing refinement. E, Cartilage remodeling, conservative 
excision of a portion of the cephalic margin lateral crus. F, Maximal extent of cartilage excision necessary to preserve a strong, intact, complete strip (4–8 mm). 

 
 

Box 45-1. POSSIBLE INDICATIONS FOR OPEN APPROACH

Severely twisted nose 
 
Asymmetric alar cartilages 
 
Tip graft suturing 
 
Augmentation rhinoplasty 
 
Cleft lip or nose complex deformities 
 
Large septal perforation repair 
 
Excision of nasal tumors 
 
Severe tip overprojection/underprojection 
 
Difficult revision rhinoplasty 
 
Infantile nostrils 
 



Teaching 
 

 
 
In cases of more severe tip deformities, and particularly when marked tip asymmetries, variant deformities, and overprojection exist, the surgeon must consider interrupted strip techniques for maximal results ( Figure 45-35 and Figure 45-
36 ). Here the residual complete strip, after volume reduction of varying degrees, is divided somewhere along its course (usually at or near the angle), excessive portions of the
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lateral and occasionally the medial crus are removed, and the cartilages are reconstructed so that their cut ends abut or overlap. Inherent dangers (asymmetric healing and scarring) exist whenever the complete strip is interrupted, and some tip 
support is almost always sacrificed, which may be compensated for by placement of a shoring cartilage strut in the columellar compartment. Interrupted strip techniques tend to foster cephalic tip rotation but are a decided liability if rotation 
of the tip is contraindicated. Tip rotation can be further accentuated by shortening of the caudal septum and placement of cartilage plumping grafts to efface the nasolabial angle further. When possible, the edges of the interrupted strips are 
reconstituted with fine suture.

Open Approach

In patients with cleft lip and nose deformities, severely asymmetric tips, and some markedly overprojecting tips with eccentric anatomy, an open (external) approach to the tip may be helpful ( Figure 45-37 ; Box 45-1 ), particularly when the 
variant anatomy is not clear preoperatively. Although more operative edema and scarring result from this approach, the advantages of precise direct-vision diagnosis, bimanual surgery, and extraordinary exposure render this approach useful 
in selected patients ( Figure 45-38a and Figure 45-38b ).

In the open approach, the soft tissues of the nose are elevated off the underlying cartilaginous and bony skeleton to reveal the exact anatomy responsible for the nasal shape. Reduction and augmentation procedures, particularly when adding 
cartilage grafts to the tip and dorsum, can be effected precisely with suture control. Because both sides of the nose are viewed simultaneously, surgical symmetry can be easily achieved. When markedly variant tip anatomy exists, or when 
extensive middle vault reconstruction is necessary, the open approach facilitates favorable reconstruction.

Tip Projection

A final critical decision in undertaking nasal tip surgery involves the need for preservation, enhancement, or reduction of existing tip projection. Because the majority of patients undergoing a rhinoplasty 

 
Figure 45-29a Surgical result obtained in patient judged ideal for delivery approach with volume reduction, complete strip technique. A to D, Pre- and postoperative views. E and F, Pre- and postoperative views. 

 

Figure 45-29b 



 

Figure 45-30a Surgical result using delivery approach with volume reduction, complete strip technique. Generous defatting of tip carried out. Note value of chin augmentation to overall facial balance. A, C, and E, Preoperative views. B, D, 
and F, Postoperative views. 



 

Figure 45-30b 



 

Figure 45-31a To enhance tip refinement further while maintaining tip support, the complete strip can be narrowed at the dome with either single-dome sutures (A), and/or by employing a horizontal mattress suture to narrow the interdomal 
distance (B). 

 

Figure 45-31b 



 

Figure 45-32 Narrowing refinement of nasal tip in patients with delicate cartilages and thin skin can be effectively accomplished with one or more 4-0 clear nylon transdomal sutures. Suture passes through both medial and lateral crus on 
either side and is "test-tightened" before final securing to ensure proper suture placement and symmetric narrowing. A modest increase in projection and significant refinement of the trapezoidal tip can be realized, if desired, with transdermal 
suture narrowing. 

 

Figure 45-33 Interdomal suturing of medial crura for modest narrowing. 

 

Figure 45-34 Two-year surgical result in patient suitable for transdomal suture narrowing of nasal tip. Minimal volume reduction carried out, maintaining generous complete strip. Note permanent change from trapezoidal tip to more 
desirable triangular configuration. A and C, Preoperative views. B and D, Postoperative views. 



 

Figure 45-35 Significant narrowing refinement obtained through the use of volume reduction, interrupted-strip technique with suture reconstitution of interrupted strip. Thick skin and subcutaneous tissue allows vertical interruption of 
complete strip at the angle between the medial and lateral crus. A and C, Preoperative views. B and D, Postoperative views. 



 

Figure 45-36 Interrupted-strip technique chosen for patient with bulky cartilages, thick skin, and a need for modest tip rotation. A and C, Preoperative views. B and D, Postoperative views. 

 

Figure 45-37 A, Incision used for open (external) approach to nasal tip. B, Exposure of nasal tip anatomy through open approach. C, Dorsal view of nose characterized by asymmetric nasal tip, demonstrating convex left lateral crus and 
concave right lateral crus. D, View, through open approach, of asymmetric, twisted, and unequal lateral cartilages. 



 

Figure 45-38a Refinement of nasal tip combined with cartilage graft augmentation of collapsed nose through open approach; result after 3 years. A, C, and E, Preoperative views. B, D, and F, Postoperative views. 



 

Figure 45-38b 

 

Figure 45-39 Partial-transfixion incisions are always preferable to complete-transfixion incisions, although not always feasible. Preserving medial crural footplate attachment to caudal septum maintains one vital tip-support mechanism. A, 
Complete-transfixion incision, which sacrifices medial crural footplate attachment to the septum. B, Partial-transfixion incision, which preserves medial crural footplate attachment to the septum. 



 

Figure 45-40 Position of cartilaginous strut between the medial crura, creating supportive influence on nasal tip support and projection. 

 

Figure 45-41 Autogenous cartilaginous strut, fashioned from nasal septum, about to be placed in precise columellar pocket. 

 

Figure 45-42 Plumping grafts of autogenous cartilage, effective in lending support to an otherwise weak tip and in effacing an acute or retracted nasolabial angle. 

 

Figure 45-43 A, Onlay tip cartilage grafts, frequently used to enhance tip projection and contour nasal tip. B, Cartilage grafts, precisely positioned in infratip lobule area, enhance tip projection and aid in contouring tip anatomy. The size, 
shape, and length of the tip can be altered to achieve a variety of favorable aesthetic contours. Grafts can be sutured in place for greater stability when using either the open or the delivery approach. 



 

Figure 45-44 Revision rhinoplasty patient whose appearance is enhanced and normalized with addition of nasal tip grafts as well as onlay cartilage grafts augmenting overreduced nasal dorsum. A, Preoperative view. B, Postoperative view. 

 

Figure 45-45 A, Unsatisfactory male nasal profile aligned to normalize nasal proportions and improve overall facial balance and aesthetics. B, Straight nasal profile with strong, high dorsum provides a highly desirable appearance. 

 

Figure 45-46 Desirable female profile remains strong with a high dorsum, but generally is enhanced when nasal tip projection leads supratip profile by 2 to 3 mm. In addition, slightly more open nasolabial profile is desirable, accompanied 
by subtle columellar "double-break" configuration. 



 

Figure 45-47 A, Sharp knife elevation of soft tissues over cartilaginous dorsum should be accomplished in the favorable tissue plane intimate to the cartilaginous pyramid to reduce scarring and bleeding. B, Elevation of the periosteum with a 
knife initially followed by a Joseph periosteal elevator finalizes décollement of nasal soft tissues. Inclusion of periosteum in skin flap creates additional thickness of the covering skin mantle, cushioning and camouflaging any possible 
irregularities in bony healing. 

 

Figure 45-48 Postoperative stigma of cartilaginous "pollybeak" deformity results from inaccurate alignment or inadequate reduction of the cartilaginous pyramid. A, Preoperative view. B, Postoperative view. 

 

Figure 45-49 A, Traumatic or iatrogenic avulsion of upper lateral cartilage from undersurface of nasal bones constitutes serious aesthetic and often functional deficiencies. Once airway integrity is ensured, appearance improvement is best 
accomplished with (B) thin cartilage autografts. 



 

Figure 45-50 Precision reduction of a bony profile is most accurately accomplished if the cartilaginous dorsum is aligned at the outset of profile-alignment procedures. 

 

Figure 45-51 A, Rubin osteotome seated at the osseocartilaginous junction (caudal end of the bony hump) in preparation for bony profile alignment. B, Bony hump removed symmetrically. Precision in alignment is significantly aided by 
vertical fin on handle of Rubin osteotome, which prevents misalignment or unwanted rotation during cephalic progression of the instrument. 

 

Figure 45-52 A, Medial-oblique osteotomy is helpful, particularly in patients with heavy or previously fractured nasal bones, in creating significant and atraumatic narrowing and straightening of bony pyramid. Osteotomy pathway is 
directed 15 to 20 degrees away from midline; at its most cephalic extent it establishes bony weakness, which dictates the exact point of bony infraction from lateral osteotomies in majority of operations. B, Site and direction of medial-
oblique and low lateral osteotomy. 



 

Figure 45-53 Low lateral osteotomy is initiated at the piriform aperture at or just above attachment of the inferior concha to the ascending process of maxilla. No incision is required for 2- or 3-mm osteotome. 

 

Figure 45-54 After intersection of the low lateral osteotomy with the cephalic extent of the medial-oblique osteotomy, infraction and narrowing of the bony pyramid is ordinarily accomplished easily with gentle medial finger pressure. In 
young patients, complete fractures with total mobilization of the bony pyramid is desirable. Less mobilization and even so-called greenstick fractures may be acceptable in older adult patients. Gentle pressure held over the lateral osteotomy 
site until final splint application is effective in reducing edema and potential ecchymosis. 

 

Figure 45-55 A, Intermediate higher lateral osteotomies may be required in patients with extreme asymmetry of bony sidewalls; only by their use can complete and adequate mobilization be satisfactorily accomplished. B, The intermediate 
osteotomies must always be carried out before lower lateral osteotomies are completed. 

 

Figure 45-56 Typical twisted pyramid in which double osteotomies may be helpful. A, Preoperative view. B, Postoperative view. 



 
Figure 45-57 The rhinoplasty graphic record sheet used to portray exact operative events. 
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Figure 45-58 The rhinoplasty graphic record (Gunter graphic) used for teaching. 

 
 

Box 45-2. PATIENT INSTRUCTIONS AFTER NASAL PLASTIC SURGERY

A.  Introduction 
Please read and familiarize yourself with these instructions both before and after surgery. By following them carefully, you will assist in obtaining the best possible result from your surgery. If questions arise, do not hesitate to 
communicate with me and discuss your questions at any time. Take this list to the hospital with you, and begin observing these directions on the day of surgery.

B.  Instructions
1.  Do not blow nose until instructed. Wipe or dab nose gently with tissues, if necessary.
2.  Change dressing (if it is present) under nose as needed.
3.  The nasal plaster cast will remain in place for approximately 1 week and will be removed in the office. Do not disturb it; keep it dry.
4.  Avoid foods that require prolonged chewing. Otherwise, your diet has no restrictions.
5.  Avoid extreme physical activity. Obtain more rest than you usually get and avoid exertion, including athletic activities and sexual intercourse.
6.  Brush teeth gently with a soft toothbrush only. Avoid manipulation of upper lip to keep nose at rest.
7.  Avoid prolonged telephone conversations and excessive social activities for at least 10 to 14 days.
8.  You may wash your face, but carefully avoid the dressing. Take tub baths until the dressings are removed.
9.  Avoid smiling, grinning, and excessive facial movements for 1 week.

10.  Do not wash hair for 1 week unless you have someone to do it for you. Do not get nasal dressing wet.
11.  Wear clothing that fastens in front or back for 1 week. Avoid slipover sweaters, T-shirts, and turtlenecks.
12.  Absolutely avoid sun or sun lamps for 6 weeks after surgery. Heat may cause the nose to swell.
13.  Don't swim for 1 month after surgery.
14.  Don't be concerned if, after removal of dressing, the nose, eyes, and upper lip show some swelling and discoloration; this usually clears in 2 or 3 weeks. In certain patients, it may require 6 months for all swelling to subside 

completely.
15.  Take only medications prescribed by your physician(s).



16.  Do not wear regular glasses or sunglasses that rest on the bridge of the nose for at least 4 weeks. We will instruct you in the method of taping glasses to your forehead to prevent pressure on the nose.
17.  Contact lenses may be worn within 2 or 3 days after surgery.
18.  After the physician removes your nasal plaster cast, the skin of the nose may be cleansed gently with a mild soap or Vaseline Intensive Care lotion. Be gentle. Makeup can be used as soon as bandages are removed. To cover 

discoloration, you may use Erase by Max Factor, Cover Away by Adrien Arpel, or On Your Mark by Kenneth.
19.  Don't take chances! If you are concerned about anything you consider significant, call me at [insert physician's phone number].
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Chapter 46 - SPECIAL RHINOPLASTY TECHNIQUES

Richard T. Farrior 
Edward H. Farrior 
Raymond Cook 

INTRODUCTION

Aesthetic and reconstructive rhinoplasty is considered to be the most challenging and difficult of all facial plastic procedures. Every rhinoplasty is unique and presents the surgeon with a diversity of challenges for which he or she must have 
a variety of specialized techniques to address each patient's anatomic and functional deformities. This chapter will address some of the less common nasal deformities and the surgical techniques that can be used to correct them. These 
deformities require the inclusion of all aspects of combined septorhinoplasty, with frequent extension and modification of several techniques.[4] [19] These cases are particularly challenging in regard to improving the airway and gaining 
maximum improvement in appearance. A form of combined septorhinoplasty to correct both the external and the internal nasal deformities in one stage is virtually essential.[2] [4] [7] [19] This chapter will focus on modifications of the septum, 
nasofrontal angle, and nasal tip while detailing the principles and techniques needed to correct the twisted nose, the saddle nose, the non-Caucasian nose, and the cleft-lip nose.

ANALYSIS

A thorough examination that uses not only observation but also detailed palpation of the nose is essential in determining preoperatively which anatomic components are actually involved in the nasal deformity. Experience is a great factor in 
being able to do this at the time of the office examination. Careful examination should be coordinated with appropriate photographs, radiograph films, and facial analysis. The preoperative findings strongly influence the selection of the most 
appropriate surgical approach and exposure techniques. If previous surgery has been performed by someone else and revision is required, it is most helpful in the analysis if the previous operative report can be obtained. Even with this, it is 
difficult to decipher precisely how much tissue remains or how much scarring may exist. Although examination by blunt-instrument palpation is helpful, actual exploration at surgery is often required to determine the amount of tissue that 
remains.

Coordination of the preoperative analysis with the findings at the operative table can be accomplished through either the standard intranasal rhinoplasty approaches or the external rhinoplasty approach. The authors use both the standard 
rhinoplasty approaches and the external approach. The external approach is particularly useful in the twisted nose, the nose requiring implant materials, and the cleft-lip nose.[19] [24] [34] [38] 



Incisions and Soft-Tissue Elevation

If the intranasal rhinoplasty approach is to be used, an intercartilaginous incision is made bilaterally, and the soft tissue over the upper lateral cartilage is elevated. The incision is carried into a complete transfixion incision ( Figure 46-1 ). 
Alar cartilage margin incisions are made to allow delivery of the lower lateral cartilages so that they can be analyzed, especially in the face of any asymmetries, fractures, or lacerations of the cartilages. A complete transfixion incision is most 
often used for the deviated nose in anticipation of work on the caudal septum, anterior spine, and also to allow the insertion of a columella strut into a retrograde columella pocket. The septum is approached through this incision when 
correction of the caudal septum and anterior spine is required. If the caudal septum is intact and there is no dislocation, the classic Freer incision is used, leaving all anterior or caudal mucoperichondrium and cartilage undisturbed.

The authors generally use intranasal incisions for a deviated nose but will frequently use the open or external rhinoplasty technique when there are severe asymmetries, deviations, and tissue deficiencies
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Figure 46-1 Modified incisions for septal surgery. The dorsal elevation is carried into the transfixion incision, which may then be carried all the way to the anterior spine or only partway as a hemitransfixion incision. The intranasal or freer 
incision may be limited, carried to the floor, or extended along the floor as a "hockey stick" incision beneath a severe spur. 

 

Figure 46-2a Patient with a severely deviated nasal dorsum and tip (A and B), with dislocation of the septal cartilage into the right nasal vestibule (C). 

 

Figure 46-2b 



 

Figure 46-3 The external (open) approach. A, A gull-wing incision is made, crossing the columella just above the flare of the feet of the medial crura and then extending upward along the caudal edge of the medial crura and into marginal 
incisions laterally with the surgical knife. The skin is further elevated with the Stevens tenotomy scissors. B, Excellent exposure can be obtained to the root of the nose, which assists in evaluating asymmetry of the dorsum. The caudal 
septum and anterior nasal spine can be approached through the external approach, or a separate hemitransfixion incision may be made as shown by the dashed line. 

 

Figure 46-4 Common sites of septal angulations and dislocations in order of frequency starting with A. A, Junction of the septal cartilage with the perpendicular plate of the ethmoid. Abnormalities here usually involve both cartilage and 
bone. B, Continuation of a cartilaginous spur toward the sphenoid rostrum associated with posterior bony spurs from the vomer. C, Bony and cartilaginous components of an inferior spur. D, Cauda dislocations off of the anterior spine and 
maxillary crest. E, Area of the lumen vestibuli and anterior valve. Here buckling, when not associated with fracture lines, is frequently corrected by relieving all surrounding tension vectors. Even slight deviations here may cause significant 
nasal destruction. Most angulations and deviations occur at the junction of the cartilage with the bone, except where there has been a fracture of the septal cartilage. 

 

Figure 46-5 Correcting septal curvature. A, Vertical shave to reduce septal thickening. The shave may also be used to reduce bowing. B, Removal of cartilage wedges to straighten the septum in the midline. C, Scoring to allow the cartilage 
to open and return to the midline. 



 

Figure 46-6 Correction of central component deviation. For deviations of the entire root of the nose or the remaining central component of the nose, it is necessary to establish a firm fulcrum with the osteotome to fracture this central portion 
toward the midline. This difficult maneuver requires a complete medial osteotomy paralleling the septum as close as possible, as opposed to the fading medial osteotomy. 

 

Figure 46-7 Transseptal coaptative sutures. A, Whether passed through the mucoperichondrium or submucosally, simple sutures may assist in approximating the cartilage but will not prevent dislocation. B, Coaptation sutures through the 
mucoperichondrium should be passed between the cartilage pedicles or fractures to prevent the cartilage segment from overriding. Below, the suture is passed between the cartilage and bone and back through the cartilage, including the 
mucoperichondrium. 

 

Figure 46-8 Coaptation sutures. Further modifications of the septal reconstruction in which it has been necessary to remove a significant amount of cartilage and bone. Coaptation sutures may be either single sutures through and through the 
mucoperichondrium or a continuous suture passed back and forth through and through and tied to the original free end. 

 

Figure 46-9 Intranasal dressing to include polyethylene splints. The contoured polyethylene splint is inserted and removed as one piece, slightly curved or folded to pass with the edges touching the blades of the nasal speculum. The splint is 
used to prevent synechiae and to support the septum. At least two sutures are used to prevent flaring or opening of the splints from each other. 



 

Figure 46-10 Repositioning and suturing of the caudal septum. The dislocated septum is repositioned on the anterior spine and maxillary crest. Reconstruction is augmented by scoring or cross-hatching and proper placement of sutures such 
that one suture is passed submucosally around the anterior spine. The next fixation suture is passed through one mucoperichondrial flap, between the bone of the anterior spine and the septal cartilage and out through the mucoperichondrium 
on the other side, and then back through flap, septum, and flap to complete the loop. The other sutures are passed between the mucoperichondrial flaps and between the cartilage pedicles to prevent dislocation. 

 

Figure 46-11 Stabilization of the caudal septum with draw sutures through the center of the columella, reestablishing the septocolumellar relationship. At the end of the procedure, the draw sutures may be removed or may be tied loosely 
against the columellar skin. 

 

Figure 46-12 Modifications for shortening the nose. A, Ideal limited shortening and elevation of the tip involving only the outer one third to one half of the caudal septum and limited transfixion incision. B, Shortening of the entire caudal 
septum with slight angulation extending to the spine. C, Shortening of the entire caudal inferior nose with a deepening of the nasolabial angle. The obtuse nasolabial angle is corrected. A right-angle wedge of bone is removed from the 
anterior spine, and a suture is passed from the cartilage to the base of the membranous columella, reinforcing the angulation and eliminating the dead space. 



 

Figure 46-13 Correction of acute septolabial angle. A, The columella strut adds columella fullness. B, When the columella strut is not required, a simple plumping graft serves as a filler and gives support to the feet of the medial crura. An 
implant may be necessary over the face of the maxilla and beneath the anterior spine to create fullness of the lip portion. 

 

Figure 46-14 Correction of columella retraction. A, Marked columella retraction and drooping tip (preoperative). B, After septal reconstruction with tip rotation and columella filling. 

 

Figure 46-15 Dorsal draw suture. If there is loss of support either from injury or surgery at the junction of the septal cartilage with the nasal bones and perpendicular plate of the ethmoid, the remaining caudal septum tilts downward 
(arrows). A draw suture may be passed through the skin of the dorsum of the nose and then used to pick up either the septum alone or the septum with the upper lateral cartilages. The draw suture is then passed through a soft thin metal nasal 
splint and tied over a bolus. Dorsal draw sutures may be used simply to maintain the position and support while all intranasal surgery is completed and the nose is packed. The sutures are then removed. When necessary, the sutures may 
remain in position for 1 week and are removed with the splint. 



 

Figure 46-16 The septocolumella complex. Apart from abnormalities of the lateral ala and its relation to the columella, this complex involves at least the caudal septum, the membranous septum, and the curvature and strength of the medial 
crura. The exaggerated convex caudal edge of the medial crura, as occurs in the hanging columella, may be partially sectioned to allow the crura to straighten with suturing. The caudal cartilaginous septum and membranous septum may 
require partial resection. The septocolumella complex is reestablished with sutures, including through-and-through septocolumella sutures. The medial crura may be approached retrograde through the transfixion incision and with 
subcutaneous elevation of the skin or directly by the external approach. 

 

Figure 46-17 Cephalad retraction of the alar margin. A, Postoperative complications: the all-too-frequent supratip swelling or polly-beak deformity and cephalic retraction of the lateral alar margin. B, Correction is accomplished by reducing 
the cartilaginous nasal septum and removing supratip fibrous tissue, further sculpturing the lower lateral cartilages, freeing the lateral crus, and inserting a cartilage implant retrograde along the alar margin. (See also Figure 46-18 .) 

 

Figure 46-18 Retrograde alar margin implant. A, Creation of the retrograde pocket through the alar cartilage margin incision down to the rim. B, The sculptured cartilage implant is brought into the pocket with draw sutures and held in 
position with transalar sutures tied over a tin polyethylene film. 



 

Figure 46-19 A, Demonstrates the splinting of a horizontal fracture or angulation of the caudal septum or pedicle. Reinforcement of medial crural support. B and C, A subcutaneous suture is passed so as to suture the columella-medial crura 
complex subcutaneously directly to the caudal septum (C). This may be done with permanent sutures of clear nylon to ensure proper positioning of the medial crura and tip support. 

 

Figure 46-20 Septal cartilage used for columella strut. The cartilaginous component of a spur is an excellent source of autogenous implant material. This may be long enough to extend the full length of the dorsum of the nose and is an 
excellent source for the working columella strut, tip implants, or shields and for fashioning of spreader grafts and battens. 

 

Figure 46-21 The iris scissors are used between two hooks to create a retrograde pocket between the medial crura and into the columella. This is done through the transfixion incision in the standard rhinoplasty. The columella strut can be 
placed directly between the medial crura from above in the external rhinoplasty. 



 

Figure 46-22 The working columella strut draw sutures. The columella strut is drawn into the retrograde pocket so as to pass in front of the anterior spine resting on the face of the maxilla. It is passed after the sutures are placed in the dome 
of the nose to assist in greater projection and to prevent protrusion between the medial crura. The draw sutures are removed after the strut is stabilized with sutures. 

 

Figure 46-23 The nasofrontal angle is reduced by placing a 2-mm osteotome through a stab incision and creating a deeper angulation by joining the two lateral osteotome cuts at right angles. 

 

Figure 46-24 Delivery of the lower lateral cartilages. When the lower lateral cartilages are very asymmetric or have been severely traumatized, delivery should be done to allow adequate exposure for proper modification. This modification 
can also be accomplished through the external rhinoplasty approach. 

 

Figure 46-25 Revisional surgery with implants for nasal tip. A, A simple onlay implant, which may be sutured in position to the cartilage or held in position by a draw suture through the external skin. B, Implant to the tip and columella, 
most commonly using auricular cartilage. C, Contouring of the implant by scoring. D, Asymmetric implant. E and F, Tip button with stabilization between the medial crura. 



 

Figure 46-26 Freeing of the alar cartilage for the cleft-lip nose or certain asymmetries of the lower lateral cartilage. The lower lateral cartilage is freed of both surface and vestibular skin, allowing the cartilage to be rotated medially to project 
the tip of the nose. The cartilage is then sandwiched between the two skin surfaces in the new position and held with transalar sutures tied over a flat plastic film on the external surface. This technique is used for unilateral and bilateral nasal 
deformities and can be accomplished by either the intranasal or the external approach. Boluses on both surfaces are to be avoided. 

 

Figure 46-27 A, Nasal tip graft (shield or plate). The lower edge of the septal cartilage is the ideal location for obtaining a tip shield. It should be modified by cutting off a portion of the thickened inferior aspect of the septal cartilage. B, The 
tip is positioned over the caudal border of the tip cartilages at their domes, preventing too much sharpness in the tip of the nose. 

 

Figure 46-28 The external rhinoplasty allows the shield to be sutured into position. (Courtesy of Dr. Calvin Johnson, New Orleans, La.) 

 

Figure 46-29 A, Auricular cartilage may be used as a composite graft, with its attached thin anterior skin being used to open the valve areas when there is marked loss of support and intranasal contracture. The skin is excised from the central 



portion of the graft, which rides over the septum like a saddle, and the skin is inserted into the mucosal opening. To avoid excessive thickness in the dorsum, it may be necessary to excise a strip of cartilage along the dorsum of the septum. 
The skin edges are precisely sutured to the nasal mucosa. B, Position of spreader graft. C, Spreader graft being sutured in position. D, Batten sutured into position. 

 

Figure 46-30 Medical crural fixation sutures are placed as 5-0 horizontal mattress sutures through both crura and the columella strut. These sutures stabilize the medial crura and improve dome symmetry. 

 

Figure 46-31 Lateral crural spanning sutures are 5-0 horizontal mattress sutures placed in the convex region of the lateral crura. As the suture is tightened, it draws the lateral crura medially, decreasing their convexity and decreasing the 
intercrural width. 

 

Figure 46-32 Dome-spanning sutures are 5-0 horizontal mattress sutures individually placed from intermediate to lateral crus. The sutures are passed beneath the cartilage and above the mucosa. As the sutures are tightened, dome definition 
and projection are increased. 



 

Figure 46-33 Interdomal sutures are placed between the intermediate crura. As the suture is tightened, the angle of divergence of the intermediate crura and the interdomal distance is decreased. 

 

Figure 46-34 A variety of nasal deformities, including the anatomic components involved. Each anatomic component of the deviated or twisted nose influences the remaining components, particularly those immediately adjacent, just as each 
step of the surgery influences the other steps. A, Deviation of the entire nose, including the nasal bones up to the radix. B, Twisted nose with the tip and caudal septum returning to the midline. The nasal bones are deviated from the midline 
up to the radix. The greatest convexity or concavity of the bony and cartilaginous vaults is frequently at their junction. C, Deviation of the cartilaginous components of the nose, including the septum, with caudal dislocation off the anterior 
spine. D, Deviation of the dorsal septum and septal angle, with the remainder of the nose in the midline. This creates distortion of the lower lateral cartilage, with actual or simulated asymmetry. E, Deviation of the dorsal septum and septal 
angle with the distortion of the entire tip of the nose and medial crura. 

 

Figure 46-35 A, Asymmetric lateral vaults, both osseous and cartilaginous, in the deviated nose. An asymmetric hump removal is used to even the lateral vaults. B, The corrected relationship with combined septal reconstruction. 
Occasionally, grafts may be placed over the short side rather than reducing the long side. Insert shows deformity, which may occur with the long lateral vault remaining longer than the short after hump removal if this asymmetry is not 
considered. 

 

Figure 46-36 Nasal osteotomies. For the deviated nose, complete medial osteotomies and low lateral osteotomies are most often used. These require the creation of a transverse fracture at the cephalic end of the osteotomies. For the wide-
flaring nasal bones that might result from a previous crushing injury or large hump removal, an intermediate osteotomy is often used. This is done halfway between the medial and lateral osteotomies but is done before the lateral osteotomy is 
performed; the Neivert osteotome with the flat guard is used. 



 

Figure 46-37 A, When performing medial osteotomies, it is important to undercut the thick portion of the bone between the dorsum and the lateral bony vault of the nose. B, The osteotome is placed vertical in the plane of the nasal septum. 
The osteotomy is carried slightly higher than the hump removal. C, A second cut is made at a beveled angle to undercut the nasal bones. This opens the root of the nose to a higher level, assisting in a more superior back or transverse fracture 
and prevents the "rocker" phenomenon that leads to widening of the nose in the postoperative period. 

 

Figure 46-38a Fading medial and curved lateral osteotomies in a twisted nose with a narrow nasal root. A, The narrow nasal root with deviation only in the inferior portion of the nasal bones. Dislocation of the caudal edge of the septum is 
also apparent in this anterior view. Fading or curved medial osteotomies combined with the slightly higher curved lateral osteotomy are advocated in such a case. B, Postoperative result where there was no need to fracture the narrow medial 
portion of the nasal bones. 

 

Figure 46-38b C and D, The same patient with the obvious caudal dislocation of the septum and some long-term distortion of the flare of the medial crus on the right side. The nose was adequately straightened, the tip projection maintained, 
and the caudal septum held in position. There is persistent flaring of the distorted foot of the medial crus. E, The profile also demonstrates the caudal dislocation of the septum into the right nostril, the need for conservative hump removal, tip 
projection, and a small chin implant. F, Postoperative result. 



 

Figure 46-39 Complete and intermediate osteotomies. A, This case demonstrates the flattened, wide nose with outward splaying of the nasal bones, and only minimal change in the profile is required. This patient would require narrowing of 
the nose, which is accomplished in many cases by the use of an intermediate osteotomy placed halfway between the complete medial and low lateral osteotomies. B, Results of this surgery combined with an autogenous cartilage columella 
implant. The cartilaginous dorsum has been narrowed without changing the profile. C and D, Basal views of the same patient before and after narrowing with tip sculpturing and increases in tip projection and columella support. 



 

Figure 46-40 A, Bilateral spreader grafts being sutured in position. B, Spreader grafts in position, extramucosal. 
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and rib cartilage are also useful. If the bony pyramid needs augmentation, then autogenous iliac crest, calvarial bone, or rib can be used. Temporalis fascia and dermis are easily harvested and can be used to fill, contour, and soften certain 
nasal defects. Alloderm is processed from human dermis and can be used for augmentation in the same way as fascia or dermis. Homologous materials have been used with success [27] but in general are less desirable because of long-term 
unpredictability with resorption and buckling.[26] [36] 

Surgeons are still awaiting the development of the ideal alloplastic implant. Today's implants still have increased risk of rejection, inflammation, and extrusion. Vicryl, Gore-Text, Mersilene, Proplast, and Supramid are mesh materials that 
become partially incorporated into surrounding tissues and provide a thin layer of scar over the irregular dorsum. Silastic implants have been used successfully on the dorsum of the nose but have a higher extrusion rate and artificial feel in 
the lower third of the nose.

At this time Gore-Tex is our preferred alloplast for dorsal augmentation. The tolerance of Gore-Tex as an implant material has been well documented. † In addition, minimal amounts of fibrous ingrowth lead to stability of the implant but do 
not restrict its removal when necessary. The reinforced sheets of 4.0 to 7.0 mm are much easier to sculpt for augmentation. With these implants and the sheeting, it is important to taper the edge to ensure smooth transition to the surrounding 
soft tissue. This can be done through sharp beveling with a scalpel or by crushing the margins with a hemostat or needle holder.

For the saddle nose deformity in which extensive septal surgery and osteotomies are required, it is sometimes best to stage the procedure, with the implants being placed at a second operation. Extensive septal reconstruction may be essential 
in completely straightening the nose and in increasing the vertical height, thereby making the required size of the implant smaller ( Figure 46-41a and Figure 46-41b ). In the saddle nose, the anterior valve is frequently circular rather than 
oval or piriform, and the septal reconstruction should be combined with intranasal -plasties to release the scar contractures and open the anterior valve areas.

One of the difficulties of rhinoplasty, and especially of revision rhinoplasty, is ensuring a smooth contour over the nasal dorsum. This can be especially difficult in thin-skinned patients when implants are used. Where there are skin 
irregularities and scarring or cicatricial adhesions to the underlying framework, it is necessary to prevent recurrence once elevated. Sculpted laminated autogenous cartilage implants of any sort may leave irregular edges or an irregular 
surface. One way of softening these edges and other irregularities involves draping a piece of temporalis 

 
Figure 46-41a A, The septum and the saddle nose deformity. Straightened septal cartilage can be reinserted as a large columella strut to increase the vertical height of the nose and provide support for the dorsal implant. B, Cartilage implants 
taken from the nasal septum. 

 



Figure 46-41b C, Laminated cartilage implants to be sutured in position by the open approach. Irregularities may be smoothed out by a blanket of temporalis fascia or Gore-Tex sheeting. (See also Figure 46-42 .) 
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fascia over the entire bony and cartilaginous nasal framework. The temporalis fascia graft can be placed through either an intercartilaginous incision or an open rhinoplasty approach. The graft is secured in position with draw sutures, which 
are then tied over a soft plastic bolus at the level of the nasal frontal angle at each corner and with direct suturing inferiorly, laterally, and at the dorsum. Precise, direct suturing can be accomplished through the open rhinoplasty approach. 
Temporalis fascia has been shown not to resorb significantly in vivo,[31] and donor site morbidity is minimal. This fascial graft technique is an important part of the surgical armamentarium, particularly for revision rhinoplasty, dorsal 
irregularities, scars, and overlying implants ( Figure 46-42 ). Gore-Tex 0.4-mm cardiovascular sheeting or Alloderm can be used in place of fascia with little risk of reaction or extrusions ( Figure 46-42, D and E ).

Indications

Mild saddle nose deformities are seen in patients with increased supratip depression. The nose appears wide and if a dorsal hump is present, it is accentuated by the supratip depression. This deformity can be corrected by augmenting the 
supratip with crushed cartilage or fascia. The implant should be placed in the smallest pocket possible to promote stability. The implant should be carved and beveled to reduce any irregularities and to soften its edges.

The more severe saddle nose deformities have columellar retraction secondary to loss of quadrangular cartilage and a prolapsed dorsum. The cartilaginous and bony pyramid may be broadened and flattened, requiring multiple osteotomies. 
The dorsal implant should be carefully shaped with particular attention paid to preparing the recipient site and corresponding surface of the implant, so that the implant will fit snugly against roughened nasal bones. The undersurface of the 
implant should be concave to fit the curvature of the dorsum of the nose. A three-dimensional concept must be kept in mind when shaping the graft. The dorsal aspect of the graft should be nearly straight and extend the full length of the nose 
( Figure 46-43 ). Grafts may be layered to increase the magnitude of augmentation. Bone grafts should be fixed to the nasal bones with a Kirschner wire or a miniplate. An external nasal splint should be applied for several days.

Dynamic Adjustable Rotational Tip Graft

Dynamic Adjustable Rotational Tip (DART) grafts are extended dorsal spreader grafts that extend beyond the caudal septum the desired length of derotation. [10] The DART is particularly useful in the overrotated nose when the inferior 
displacement of the entire tip complex is necessary and placement of a tip graft would exacerbate columellar show.[10] The DART reestablishes the spring tension of the nasal tip. This helps to establish a reliable nasal tip complex position and 
improves nasal valve collapse. Through an open approach extended dorsal spreader grafts are typically sutured to a columellar strut and the medial crura of the lower lateral cartilage ( Figure 46-44 ). The extended spreader grafts can be slid 
along the anterior-posterior axis of the quadrangular cartilage. This allows the tip complex to be repositioned until the desired tip rotation and projection have been created. Once the desired tip position and tension has been created, the 
extended spreader grafts are sutured to the quadrangular cartilage. This extended graft will help to derotate the tip and strengthen the dorsal septum and anterior septal angle.

THE NON-CAUCASIAN NOSE

Aesthetic surgery of the non-Caucasian nose requires a detailed preoperative analysis to identify the structural deformities present. Once the deformities have been identified, the appropriate surgical modifications can be undertaken. The 
generalities that follow pertain mostly to the African-American nose, although the Asian and several other ethnic noses have similar characteristics. In general, the non-Caucasian nose has thick skin, weak cartilages, a flat broad dorsum, and 
an underprojected poorly defined tip with a wide alar base ( Figure 46-45 ). The thick sebaceous inelastic skin limits the degree of nasal tip sculpting that can be appreciated. The adipose tissue in the tip can be removed, and postoperative 
subdermal injections of Kenalog can help decrease supratip edema and scar formation.
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Figure 46-42 In addressing the nose with thin skin and bony cartilaginous irregularities, such as laminated implants, a temporalis fascia graft may be useful. A, The template fashioned to the size of the graft to be taken. B, Harvesting the 
temporalis fascia graft through a vertical incision through a shaved portion of the temporal scalp. C, Fascial graft draped over the nasal dorsum before insertion into the subcutaneous pocket over the nasal dorsum. D, Cardiovascular Gore-
Tex sheeting placed as a blanket over the dorsum to smooth out any irregularities. E, As with temporalis fascia, Gore-Tex sheeting is carried into position with draw sutures. Inferiorly, the thin sheeting may be precisely sutured into position, 
especially with the open approach. 



 

Figure 46-43 A, Dorsal implants should be precisely contoured in three dimensions and preferably should extend the entire length of the nasal dorsum. Autogenous material is used, and when nasal tissue or auricular cartilage is not 
sufficient, cancellous bone from the hip is used. Iliac bone grafts have now largely been replaced by calvarial bone grafts. If iliac bone is used, more cortex is allowed to remain on the cancellous bone. B, Laminated Gore-Tex sheet for dorsal 
augmentation with tapering of the Gore-Tex margin by crushing the edge of the Gore-Tex with the hemostat and separate soft-tissue patch. C, Preoperative view of mild saddle-nose deformity and soft-tissue irregularity of the cartilaginous 
dorsum. D, Postoperative view with dorsal augmentation and soft-tissue filler of the left cartilaginous nasal dorsum. 



 

Figure 46-44 The DART consists of a columellar strut sutured to the nasal spine and to extended spreader grafts. The extended spreader grafts are sutured between the upper lateral cartilages and the quadrangular cartilage to improve 
rotation and projection. 

 

Figure 46-45 Non-Caucasian nose with thick skin, poor projection, a broad dorsum and wide alar base. 

 

Figure 46-46 Management of the nasal base. A, The authors' technique done predominantly to narrow the nasal base. The superior incision, which is the inside of a curve, is lengthened by curving to meet the outer incision in the floor of the 
nose and laterally. This equalizes the two sides of the excision for closure. The authors use subcuticular sutures and fine skin sutures. B, Narrowing the nasal base by excising a wedge from the floor of the nose. C, A commonly performed 
procedure that narrows the base and reduces the height of the alae. 



 

Figure 46-47a Non-Caucasian rhinoplasty, including placement of a columellar strut; shield graft; Weir excisions; and medial, intermediate, and lateral osteotomies. A, Preoperative frontal. B, Preoperative lateral. C, Preoperative basal. 



 

Figure 46-47b D, Postoperative frontal. E, Postoperative lateral. F, Postoperative basal. 

 

Figure 46-48 Combined reduction and thinning of the alae. For noses with excessive thickening of the ala, a wedge of skin is removed extending toward the tip. This incision should be slightly internal or toward the nasal side of the vestibule 
to create a more desirable roll and hide the incision. 

 



Figure 46-49 Cleft-tip nasal deformities. A, Unilateral cleft-lip deformity. B, Bilateral cleft-lip deformity. 

 

Figure 46-50a External rhinoplasty approach for cleft-lip nasal deformities. A, The inverted gull-wing incision is made below the base of the medial crura. B, The lower lateral cartilages are dissected free of the overlying dorsal skin and 
underlying vestibular skin. The two lateral crura are trimmed and shaped until they are symmetric. In this case the upper lateral cartilages have been sutured under direct vision to the septum along the dorsum. 

 

Figure 46-50b C, Complete exposure of the lower lateral cartilage on the cleft side, freeing it of both surface and vestibular skin, allows precise repositioning and sandwiching between the two skin surfaces. D, The two medial crura are 
sutured together, recruiting the lateral crus on the cleft side to project the tip on the unilateral cleft side or on both sides in the bilateral cleft deformity. 

 

Figure 46-51 Suturing the medial crura together in the dome, sometimes with slight overcorrection for the retrodisplaced cartilage on the cleft side. Lower lateral cartilage overlaps inferior edge of upper lateral cartilage. 

 



Figure 46-52 Lateral ala thinning and placement of maxillary implants. A, Any excessive fibrous tissue at the alar attachment is removed subcutaneously between the vestibular skin and external skin surfaces. B, Through the alar incision, 
implant material of cartilage or bone, usually obtained from the nose, is placed over the face of the maxilla beneath the lip scar and the alar base. 

 

Figure 46-53 Repositioning and suturing of the lower lateral cartilage. A, The alar cartilage is repositioned in a slight overcorrection. A subcutaneous suture should be used to reinforce the repositioning of the alar base in a symmetric 
position. B, A composite of the complete operation shows the septal reconstruction, correction of the distorted alar cartilage, and correction of the laterally displaced alar base. Bone and cartilage grafts are placed subperiosteally over the face 
of the maxilla. Fixation sutures are tied over flat, plastic boluses externally. 

 

Figure 46-54a Bilateral cleft-lip procedure with Abbé flap to upper lip. A, An external approach by use of a transfixion incision. This differs from the external approach more recently popularized, in which the exposure is external to the 
medial crura rather than internal to the medial crura in the membranous septum. The synchronous lip repair is done with an asymmetric Abbé flap because of the stenosis on the right side. B, The lower lateral cartilages are presented 
bilaterally through the standard alar cartilage margin incisions and dissected free of both surface and vestibular skin so that they may be advanced into the tip, sutured together, and fixed between the surface and vestibular skin. C, 
Preoperative profile, demonstrating the disparity between the lips and between maxilla and mandible and illustrating the fact that the prolabium had been removed. D, Postoperative appearance. Autogenous cartilage implants have been 
placed in the columella, and bone and cartilage from the nose have been placed over the face of the maxilla. 



 

Figure 46-54b E, Basal view showing the absence of a prolabium and the stenosis of the right nasal vestibule. The palate has never been repaired. F, Postoperative view showing the tip projection, columella lengthening, and asymmetric 
Abbé flap. The flap was later defatted in the floor of the right nostril. 

 

Figure 46-55 Le Fort's I maxillary osteotomies to correct underdevelopment of the maxilla. A, When the deformity includes severe malocclusion, onlay grafts alone are not adequate, and a Le Fort I osteotomy should be performed. B, Bone 
grafts are placed posteriorly between the maxilla and the pterygoid bones. C, Onlay grafts over the face of the maxilla may be required as well. Maxillary repositioning must be coordinated with an orthodontist; there must be preoperative 
planning and placement of an intradental splint. 

 

Figure 46-56 Unilateral cleft lip nasal and palatal deformities treated with maxillary osteotomies. The senior author performed the original repair of the unilateral cleft lip and palate. The preoperative photograph (A) demonstrates the 
severity of the deformity and emphasizes the lack of mesodermal penetration in the right maxilla. B and C, Early postoperative results after lip and palate repair that reveal interval profile with satisfactory nasal appearance and maxillary and 
mandibular relationships. D and E, A later result showing the changes that have occurred in the nasal base with correction of the caudal septal dislocation. F and G, Preoperative and postoperative appearances after a Le Fort's I osteotomy 
and autogenous bone implants along with a revision rhinoplasty at 18 years of age. 



 

Figure 46-57 Millard's forked-flap technique for lengthening the columella. A, Each flap should be carefully designed for proper length and width. Modifications may be necessary, depending on the degree and location of the lip scarring. B, 
Millard's technique should be combined with an external rhinoplasty approach to increase nasal tip projection. C, The lip flaps are advanced upward to augment the columella. 

 

Figure 46-58 The Cronin technique for lengthening the columella. A, Incisions are made beneath the nasal sills bilaterally. B, The nasal sills are dissected free bilaterally and advanced medially to elongate the columella. The Burow triangles 
may be excised in the bilateral cleft-lip scars. A columella strut should be sutured into position to maintain the tip projection. C, The incisions are closed, advancing the nasal sill tissue upward to augment the columella. 



 

Figure 46-59 Correction of nostril stenosis by increasing the width of the nasal floor. A, A laterally based V incision is made across the nasal sill, and a crescent of skin is excised laterally. B, The alar base is advanced laterally. C, The nasal 
sill is closed, advancing the alar base as a V to Y. D, The alar-facial incision is closed. 
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Chapter 47 - REVISION RHINOPLASTY

David W. Kim 
Manuel A. Lopez 
Dean M. Toriumi 

INTRODUCTION

Many consider rhinoplasty to be the most difficult facial plastic operation. The anatomy is intricate, three dimensional, and highly variable. Airway function depends on multiple factors, which are modulated with every surgical maneuver. 
Postoperative scar contracture and healing may later surgical structural modifications over the lifetime of the patient. For these reasons, primary rhinoplasty frequently results in a suboptimal outcome. Moreover, the recent information 
explosion of the Internet has led to a patient population that has become increasingly knowledgeable and discriminating. Not surprisingly, it is estimated that 8% to 15% of primary rhinoplasty patients eventually undergo revision surgery.[2] 

Secondary rhinoplasty poses additional challenges because the surgeon must restore nasal cosmesis and function beginning from a compromised baseline. The study of secondary rhinoplasty is the study of the complications of rhinoplasty. It 
is therefore critical that the surgeon undertake the process with as much information about the condition of the nose as possible.

Although many aspects of the preoperative analysis and surgical technique are similar to those used in primary rhinoplasty, these methods must be focused toward the problems and deformities most commonly found in secondary 
rhinoplasty. The ability to correct these problems is limited by the integrity of the existing and often compromised structures, the availability of grafting material, and the severity of the individual deformities. In many situations, the 
techniques themselves must be dramatically altered to restore structure to a nose that has been significantly destabilized. Frequently, secondary rhinoplasty becomes an operation of reconstruction more than of simple refinement.



PATIENT INTERVIEW

It is imperative that the surgeon obtain as much information as possible concerning the problems that led to the patient's visit. A patient seeking secondary rhinoplasty surgery may be more knowledgeable, demanding, or distraught than a 
primary rhinoplasty patient. Because these patients have endured a period of disappointment regarding the appearance and/or function of their noses, they may have invested considerable energy and effort in considering revision surgery. The 
patients must understand that the greater the degree of baseline damage, the more limited will be the possibilities for improvement. Therefore, it is critical that the surgeon instill realistic outcome expectations in these patients. Surgery should 
not be performed unless common expectations are reached between patient and surgeon.

During the initial consultation, old operative notes and rhinoplasty diagrams can provide useful information. However, they may be incomplete or erroneous regarding grafting material, implants, and septal cartilage status. Preoperative and 
postoperative photographs may help in determining the nature and timecourse of the given problems. Photographs can also reveal which problems resulted from surgery and which problems predated the primary surgery. These original 
images are valuable because many patients may have had variant nasal anatomy that created a predisposition to a specific postoperative complication or deformity. The physician should list and prioritize patient complaints and gauge how 
reasonable and achievable these requests are. Functional airway problems that result from anatomic disturbances are surgically correctable. Intermittent obstruction is more likely attributable to mucosal inflammatory problems and should not 
represent the main impetus for surgery. Cosmetic problems should be discussed in detail with the aid of photographs and computer imaging. Each aesthetic complaint should be discussed with regard to possible etiology and prospects for 
repair.

PHOTOGRAPHY

Preoperative and postoperative photographic documentation is essential. Full-face frontal, oblique,
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lateral images, and close-up base views should be standard. Images should be obtained with dual flash sources angled 45 degrees toward the patient. An additional frontal view taken with a single flash placed in front of and above the patient 
allows for shadowing and highlighting of the dorsal line. Close-up views should be taken to document any irregularities or damage to the skin. A blue screen or wall is ideal to establish contrast between the patient and background. Standard 
35-mm or digital photography are both viable options. At this point, slides produced from a high-quality 35-mm camera provide better resolution and color than even the most advanced digital cameras. Eventually, digital photography may 
match or surpass traditional methods.

PHYSICAL EXAMINATION

Cosmetic nasal analysis begins with a global assessment of the nasal deformities. Often one or two problem areas are immediately noticeable to the physician. These may include an asymmetric tip, dorsal irregularities, or a narrowed base. It 
is important to prioritize these deformities during surgery because surgery on each subunit of the nose affects the appearance of the others. The surgeon must modify a given structure based on the status of adjacent structures. Knowing that 
one aspect of the nose is particularly problematic allows the surgeon to focus on it and modify the rest of the nose around those corrections. For instance, in a patient with an overly foreshortened nose, the surgeon may first choose to correct 
nasal length and tip projection by resetting the medial crura onto a caudal extension graft. The dorsal height may then be modified in relation to the newly restored tip position.

Analysis should continue with a systematic assessment of each view of the nose. Whereas analysis of the patient is done in the office setting, high-quality preoperative photographs allow for more detailed study at a later time. On the frontal 
view, symmetry and width should be assessed in each of the vertical thirds of the nose. If the brow-tip aesthetic lines are irregular or asymmetric, the anatomic cause of the problem should be noted. Middle vault collapse may be visible as 
pinching in the middle third of the nose or as an inverted  deformity. Indications of previously overresected lower lateral cartilages (LLCs) include supraalar pinching and alar retraction (revealed as excessive nostril show). Common tip 
deformities in the previously operated nose include the pinched tip, bossae, and the asymmetric tip.

The base view provides information about the shape and size of the columella, alar base, nostrils, and lobule. Excessively narrowed or asymmetric nostrils, malposition of alar insertion, and the presence of visible scars are signs of 
complications from alar base reduction. Other stigmata of previous surgery on the base view include alar pinching, tip irregularities, alar notching, and persistent caudal septal deviation.

On the lateral view, the dorsum is assessed for smoothness, vertical position of the nasal starting point, convexity or concavity, and presence of a supratip break. An overresected dorsum can lead to a scooped appearance in the presence of a 
projecting tip. A pollybeak deformity may be present as the result of relative supratip excess (soft tissue or cartilaginous) or a deficiency in tip projection. In the lower third, the overall projection and rotation of the nasal tip must be assessed. 
Using Goode's method, nasal tip projection, as defined from the alar crease to the tip defining point, should be just over one half (0.55) the length of the nose.[2] [3] The ideal length should be based on a nasal starting point near the superior 
palpebral fold and a tip defining point determined by the ideal degree of tip rotation. One measure of rotation is the nasolabial angle, which in men should be between 90 and 95 degrees and in women between 95 and 105 degrees. In cases of 
relative tissue excess or deficiency at the premaxilla, this angle may not reflect the degree of rotation at the tip and infratip lobule. A common secondary deformity occurs after excessive caudal septal resection and cephalic trim of the LLCs. 
In such cases, the nose is foreshortened, the nasolabial angle overly obtuse, and the ala retracted. In other cases in which the nasal base was previously destabilized, the tip may become ptotic, resulting in a long nose with an acute nasolabial 
angle. Both lateral views should be compared because unequal amounts of cartilage reduction may have been performed.[4] 

The surgeon must note the thickness and sebaceous quality of the nasal skin-soft tissue envelope (SSTE). Particularly in thick-skinned individuals, previous reduction of the underlying skeletal framework may cause significant scarring in the 
dead space. This can cause the SSTE to be exceptionally thick and inelastic. Further structural reduction should be avoided in these patients so that subsequent additional scar formation can be prevented. In such cases, one should augment 
areas of relative deficiency in the underlying structural framework to project form into the thick soft tissue envelope. An advantage of such a thick SSTE is that irregularities of the underlying nasal skeleton and grafts are camouflaged.

The SSTE may have been overly thinned, damaged, or devascularized during prior surgery. The presence of acquired cutaneous telangiectasias, purple or blue discoloration of the nasal skin with cold temperature, and visible irregularities are 
signs of such a condition. In these patients, the dissection of the SSTE of the underlying structural framework must be precise,
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because extensive soft tissue elevation will increase the risk of ischemia and wound breakdown. Although patients with thin skin may not have injury to the SSTE, it is important to remember that there is added risk of contour irregularities 
becoming visible or palpable. Care must therefore be taken in ensuring that all existing bony and cartilaginous structures, grafts, and implants are precisely positioned and smoothly contoured. The benefit of thin skin is that leaving a small 



amount of dead space will have a greater tendency to contract over time and allow for greater degrees of reduction.[5] 

It is crucial to assess each patient's nasal airflow, which should be undertaken before and after decongestion of the nasal mucosa. The surgeon must note the external stigmata of an obstructed nose or one that is prone to develop postoperative 
problems. These characteristics include a thin SSTE, a narrow or collapsed middle vault, short nasal bones, supraalar pinching, a prominent supraalar crease, narrow nostrils, and thin lateral nasal walls. Intranasal examination may reveal a 
narrow internal valve angle, dynamic lateral wall collapse, septal deviation, inferior turbinate hypertrophy, mucosal synechiae, or shortage of lining from prior excision. Assessment of dynamic function should be performed by observing the 
lateral wall of the nose with inhalation. Obvious collapse indicates lateral wall weakness. Significant improvement of breathing by supporting the lateral wall with a small instrument may predict airway improvement with placement of a 
supporting graft to the lateral wall. All of these factors must be considered in formulating a surgical plan, which will restore or preserve a functional airway.

Palpation of the nose is important to determine the shape, position, and strength of the nasal structure. Dorsal irregularities may not be visible beneath a thick SSTE and may require digital palpation to be detected. An attempt should be made 
to trace the LLCs to assess position and stability. The resistance and recoil of the nasal tip to digital pressure will provide information of tip support. Finally, palpation of the caudal nasal septum will help to determine the position and 
integrity of the caudal septal strut.[6] 

COMPUTER IMAGING

Computer image modification programs are commercially available and are becoming increasingly popular for consultation of cosmetic patients. In secondary rhinoplasty, these programs are valuable because the patient might have 
unrealistic goals for surgery or might not understand the limitations to the correction of certain deformities. The limitations of surgery due to soft tissue considerations, grafting materials, or existing structural damage can be visually 
demonstrated to the patient to facilitate a mutual understanding between patient and surgeon. The physician should create an image that can be realistically achieved so that the patient can be focused toward a defined and reasonable goal. 
Computer imaging that leads to unrealistic expectations will inevitably lead to an unhappy patient. It is therefore prudent that the surgeon performs the computer imaging, and does so in a fashion that portrays an outcome within his or her 
level of skill and experience.

GENERAL CONSIDERATIONS

Patients who seek revision rhinoplasty may come with any number of functional and cosmetic complaints. Small asymmetries, malposition, and irregularities can occur as the result of minor errors of technique. These problems are generally 
straightforward and easily corrected. Significant asymmetries, functional obstruction, and gross deformities are more likely to result from errors of judgment. In such cases, the primary surgeon may have been overly aggressive in excisional 
or reductive maneuvers or failed to resupport destabilized structures. These problems might not become apparent for years and might therefore escape the awareness of the original surgeon. The goal of analysis in secondary rhinoplasty is not 
only for the diagnosis of these problems, but also to determine the limitations and strategies for treatment.

There are several categories of complications, each of which result from different types of surgical errors. Identification, diagnosis, and correction of these problems depend on a thorough understanding of surgical pitfalls and postoperative 
processes. The various groups of complications are listed in Table 47-1 .

A common type of problem encountered is one of subtle asymmetry or malposition of existing structures, grafts, or implants caused by minor errors in technique. In thin-skinned patients, suboptimal graft placement or unequal excision of 
cartilage can lead to slight cosmetic imperfections. In some cases, skeletal modifications can lead to subtle abnormalities of the nasal pyramid. Imprecise closure of the columellar incision can result in a visible scar. These complications are 
typically minor and relatively easy to correct. An exception to this is the case of migrating or traumatized alloplastic implants that become infected. Although such a problem can be remedied by removing the implant, if left untreated, the 
infection can become serious and lead to permanent damage to the nose. Even after an appropriate and technically sound operation, the forces of scar contracture, mechanical trauma, and edema can result in an imperfect outcome.

Errors of omission will result in variable degrees of postoperative problems depending on the severity and nature of the original problem. This type of error, often
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TABLE 47-1 -- EXAMPLES OF SURGICAL ERRORS WITH RESULTING DEFORMITY

Class of Surgical Error Common Examples Resulting Deformities

Minor error of technique Asymmetric skeletal modification (e.g., osteotomies, dome sutures) Asymmetric nasal skeletal

 Malpositioned graft Palpable or visible graft

 Malpositioned implant Palpable or visible implant (possible infection)

 Poor closure of columellar incision Columellar scar

Error of omission Various Persistent primary deformity (e.g., bulbous tip, cartilaginous pollybeak)

Failure to restabilize Failure to stabilize nasal base Tip ptosis and underprojection

 Failure to stabilize middle vault Pinched middle third, collapse of ULC, inverted V, internal valve obstruction

 Failure to stabilize lateral wall Supraalar and alar pinching, dynamic external valve obstruction

Excessive excision Caudal septum Short nose, wide naso-labial angle, retracted columella

 Cephalic trim of LLC Lateral wall weakness, supraalar and alar pinching, alar retraction

 Dorsal hump reduction Scooped dorsum, saddle deformity, bony open roof, middle vault collapse

 Alar cartilage division Palpable or visible graft



 Alar base reduction Overly narrow alar base, narrow slit-like nostrils

Gross error of judgment Various Possible severe deformity (collapse from removal of lateral crura, extruded implant from 
placement of alloplast in nasal tip, skin necrosis from excessive debulking to tip skin)

 
committed by an inexperienced or overly conservative surgeon, will be evident in photographs before the original operation. Common examples include a persistent caudal septal deviation, a twisted nose, an asymmetric middle vault, and 
various tip deformities. As the structures are left relatively undisturbed, these problems are readily corrected with application of the proper techniques.

A third type of error involves failure to reconstruct destabilized structures. Many maneuvers in primary rhinoplasty require disassembling structures of the nose. If left unsupported, these destabilized areas become more susceptible to the 
forces of scar contracture, gravity, and facial mimetic function. The most common problems of this type include failure to stabilize the nasal tip at the base after compromising tip support mechanisms, failure to re-support the upper lateral 
cartilages (ULC) onto the dorsal nasal septum after cartilaginous hump removal, and failure to support the lateral nasal wall in patients with a lateral wall deficiency. Correction of such problems usually requires structural grafting techniques 
to restore strength to the nasal framework.

A more problematic type of error is one of excessive reduction and excision. Excessive caudal septal resection, lateral crural cephalic trim, dorsal hump reduction, alar cartilage division, and alar base reduction can result in an assortment of 
cosmetic and functional problems. The type and severity of deformity partially depends on the quality of the SSTE. Many of these problems are challenging to repair because there is a deficiency of tissue that can be difficult to replace. This 
is particularly true when a portion of the internal lining of the nose has been excised.

The final category of surgical error represents those deformities stemming from gross errors of judgment. Whereas the problems outlined above can result from the poor execution of a reasonable surgical strategy, this last class of deformity 
usually results from a fundamentally flawed plan. These problems can be catastrophic and may not be possible to correct. These mistakes may stem from faulty analysis, disregard for
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basic principles of rhinoplasty, or use of improper techniques for a given problem. The inexperienced but aggressive surgeon is most likely to commit such an error. These problems are varied and typically cause an unnatural appearance. In 
some cases, they can result in serious cosmetic and functional deformity. Some of the most difficult cases involve situations in which large areas of soft tissue have been excised or violated ( Figure 47-1 ).

GRAFTING MATERIAL

Inspection of potential sources of autogenous grafting material will aid in surgical planning. Palpation of various areas of the nasal septum can help to determine the amount of remaining cartilage. At minimum, a 1.5-cm dorsal-septal strut 
must remain for support of the nasal bridge and tip.

In cases in which there is a lack of available septal cartilage, it may be necessary to harvest cartilage from one or both ears. The cartilage can be harvested via an anterior or posterior approach. After a review of a significant number of 
anterior approach harvests, it was felt that the anterior approach had increased morbidity compared with the posterior approach. Occassionally, the scar and change in shape of the ear were noticed by patients when the anterior approach was 
used with the posterior approach to 

 
Figure 47-1 Patient with a severe deformity resulting from excessive excision of the lower lateral cartilages and septum. Chronic inflammation from an alloplastic implant has resulted in necrosis of the internal lining and severe contracture 
of the SSTE. 

 

Figure 47-2 Rib graft carved from central portion of the costal cartilage. 



 

Figure 47-3 Patient with previous excessive dorsal reduction. The obvious saddle deformity on the lateral view translates into an illusion of increased width on the frontal view. 

 

Figure 47-4a Three types of pollybeak deformity. A, Relative supratip prominence caused by inadequate elevation of radix and projection of the tip. B, Soft tissue-type pollybeak caused by inability of thick, inelastic SSTE to drape over 
reduced underlying nasal structures. 



 

Figure 47-4b C, Relative supratip fullness caused by postoperative loss of tip projection due to inadequate stabilization. 

 

Figure 47-5a A, Patient with supraalar pinching characteristic of poor lateral wall support. 



 

Figure 47-5b B, Excessive cephalic trim is a common cause of lateral wall weakness. 

 

Figure 47-6 Alar batten grafts carved from auricular cartilage. These grafts are inserted into pockets lateral to the lateral crura. 

 

Figure 47-7 Lateral view of a patient with lack of nostril show caused by a retracted columella. 

 

Figure 47-8 Lateral view of a patient with a retracted ala and excessive nostril show. 

 

Figure 47-9a Patient with severe alar retraction from previous aggressive cephalic trim. Preoperative (A, C, E, and G) and postoperative (B, D, F, and H) frontal, lateral, oblique, and basal views. Note the excessive columellar show on 
lateral and oblique views and the prominence of the nostrils and infratip lobule on the frontal view. Correction required placement of alar rim grafts and internal composite grafts to the vestibular alar margin. 



 

Figure 47-9b 

 



Figure 47-9c 

 

Figure 47-10 Patient with nasal tip bossae. 

 

Figure 47-11 Tip graft used to increase projection in a thick-skinned patient. 

 

Figure 47-12 Lateral crural grafts bolster weakened native lateral crura. 

 

Figure 47-13 Nasal tip reconstruction is often necessary when the previously operated alar cartilages are unable to support the tip. 

 

Figure 47-14 Short nose deformity caused resultant from excessive caudal septal truncation. 



 

Figure 47-15a Patient with previous reduction rhinoplasty. Preoperative (A, C, and E) and postoperative (B, D, and F) frontal, lateral, and basal views. G and H, overly narrowed, cephalically displaced lower lateral crura. Excessive caudal 
septal trim, cephalic trim, and dome narrowing has created a short nose with alar retraction and pinching and an overly narrow tip. Treatment required a caudal extension graft, alar batten grafts, alar rim grafts, and tip reconstruction with a 
shield graft. 

 

Figure 47-15b 



 

Figure 47-15c 

 

Figure 47-16 Sutured in place columella strut. 



 

Figure 47-17 Patient with previous overly aggressive alar base reduction. Obvious cosmetic deformity associated with significant airway obstruction. Repair required placement of auricular composite grafts to widen the nostril sills. 
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Chapter 48 - RECONSTRUCTIVE RHINOPLASTY

Norman N. Ge 
C. Rose Rabinov 
Roger L. Crumley 

INTRODUCTION

Reconstruction of nasal defects is a common procedure for facial plastic surgeons. Such defects may result from trauma, tumor resection, prior aesthetic rhinoplasty, or congenital deformities. When planning for reconstruction of distorted or 
missing tissues of the nose, the surgeon should consider both form and function. Systematic evaluation of nasal defects involves perception of the nose as a three-layered structure: (1) a cover of skin and subcutaneous fibrofatty tissue; (2) an 
underlying bony and cartilaginous framework; and (3) a soft-tissue lining of vestibular skin and nasal mucosa. Defects may involve any combination of these layers. The choice of tissue for reconstruction is generally determined by which 
elements are missing. The primary reconstructive goal is that each component be restored as closely as possible to its original anatomic state for optimal functional and aesthetic outcome. [37] 

The outermost to innermost layer is evaluated in terms of options for restoration. Although each layer is discussed separately, defects usually involve multiple levels and a combination of reconstructive procedures may be required. Regional 
nasal characteristics and involvement of adjacent structures require further specific consideration.

EXTERNAL COVERING LAYER

The nose has been described as being composed of concave and convex surfaces separated by ridges and valleys.[12] These surfaces, known as aesthetic or topographic subunits, include the tip, the dorsum, the paired side walls, alar lobules, 
soft triangles, and the columella. When a defect involves greater than 50% of a subunit, replacement of the entire subunit is often better than replacement of only a part. Placement of scars along contour lines recreates normal highlights and 
landmarks. Although this may require some healthy tissue to be discarded, the outcome is often improved.

Just as the contour of the nasal surface varies, nasal skin texture and thickness also demonstrates regional variation. Skin over the upper half of the nose is thin and non sebaceous; whereas the skin that is over the tip and alar lobules is thicker 
and contains sebaceous glands. Caudally, over the alar margins and columella it again becomes quite thin and shiny. Nasal skin mobility also varies. Skin over the upper half of the nose is freely movable; whereas that over the caudal half is 
firmly adherent to underlying cartilage and fibrofatty tissues. These tissue differences should be considered when reconstruction is planned.

Options for repairing defects involving skin alone include healing by secondary intention, primary closure, skin grafting, and local and regional flap coverage. The choice of method is best guided by evaluation of location and depth of the 
wound. Healing of superficial wounds by secondary intention on concave surfaces may result in a satisfactory aesthetic outcome. For example, this method is a good choice for wounds of the medial canthal region where advancement of 
local tissue may distort the eyelids. However, when wounds on convex surfaces heal by secondary intention, the result is often a flattened or depressed scar. Similarly, primary closure may be used for a small defect of the mobile skin over 
the nasal dorsum; whereas closure of a similar defect over the tip region may result in alar retraction or asymmetry. However in patients with tip ptosis, primary closure of a symmetrical supratip defect can improve functional as well as 
esthetic results of the nose ( Figure 48-1 ).

Full-thickness skin grafts (FTSGs) are useful in the reconstruction of superficial defects involving convex surfaces of the nose. This is especially true in the areas of the tip and alar lobules where tissue mobility is limited for the creation of 
local flaps. Donor sites for FTSGs include the preauricular, postauricular, nasolabial, supraclavicular, and upper eyelid skin, each of which provides good color match and an easily
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Figure 48-1 A 65-year-old woman with basal cell carcinoma of the supra-tip skin. A, The defect immediately after Moh's resection. B, One month post primary closure with increased nasal labile angle and improved breathing. 

 

Figure 48-2 A 67-year-old woman with basal cell carcinoma of the right nasal tip and dorsum. A, The defect immediately after Moh's resection. B, Bilobed reconstruction. C, Three months after the reconstruction. The patient does not wish 
to have further procedures. 



 

Figure 48-3 An 87-year-old woman with basal cell carcinoma of the left lower nose. A, The defect immediately after Mohs' resection. B, Several days later, granulation tissue is seen and the adjacent transposition flap marked. C and D, The 
postoperative result at 3 months. The patient refused further revision. 



 

Figure 48-4 A 65-year-old man with carcinoma of left nasal ala. A, At time of resection. B, A superiorly based nasolabial flap was used to reconstruct the nasal ala. C, Postoperatively (not revised), a deformity of the upper melolabial crease 
amenable to defatting or Z-plasty can be seen. 

 

Figure 48-5 A 74-year-old man with squamous cell carcinoma of upper lip and floor of nasal vestibule. A, After cancer excision. B, The inferiorly based nasolabial fold is marked. C, The postoperative result at 5 months. The patient 
subsequently underwent Z-plasty to restore the melolabial crease. 



 

Figure 48-6a A 58-year-old woman with basal cell carcinoma of the nose. A, The defect immediately after Moh's resection. B, Immediate postoperative picture, defect repaired with midline forehead flap. 

 

Figure 48-6b C, One month postoperative result. 



 

Figure 48-7 A, The composite graft reconstructive technique in an elderly woman with small squamous cancer of left nasal ala. B, The donor defect is closed at the superior portion of the auricle. C, The immediate postoperative result. D, 
The healed defect at 1 year. 

 

Figure 48-8 A, A patient after subtotal lower nasal resection. Tip reconstruction with a columellar strut, conchal cartilage graft, and lower lateral cartilage reconstruction from additional pieces of auricle cartilage was tailored to restore 
contour of alar cartilage. B, The additional onlay graft for improved tip contour was sutured before forehead flap placement. 



 

Figure 48-9a A, A 27-year-old man with total nasal collapse caused by large septal perforation. B, The patient is seen after an L-shaped double calvarial bone graft. Lag screw fixation through the dorsal skin was used for approximately 6 
weeks postoperatively. C, Preoperative right lateral view. D, Postoperative right lateral view. 



 

Figure 48-9b E, The harvesting of two bone grafts forms an L-shaped bone graft. F, The L-shaped bone graft is secured and ready for implantation. Fixation was with one microplate, lag screw dorsally, and wire to anterior nasal spine. 

 

Figure 48-10 An 82-year-old man with basal cell cancer of left alar. A, The defect immediately after Moh's resection. A melolabial flap is designed to reconstruct the external layer. B and C, The cartilage and posterior auricle skin at the 
antihelical fold was used to reconstruct the intermediate layer and internal lining. D, One month after the initial reconstruction, thinning of the flap is planned. 

 

Figure 48-11 A 62-year-old man with squamous cell carcinoma of left alar. A, The defect after resection with clear margin. B, Ipsilateral septal mucoperichondrial hinge flap reflected out of nasal passage. C, Septal cartilage graft replaces 



missing upper lateral cartilage. Auricular cartilage graft replaces missing lower lateral cartilage while serving as alar batten graft. D, Three months postoperative result after thinning of the flap. 
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Chapter 49 - RADIOLOGY OF THE NASAL CAVITY AND PARANASAL SINUSES

Nafi Aygun 
S. James Zinreich 

INTRODUCTION

Radiologic examination of the sinuses is designed to give information that is complementary to clinical findings. Traditionally, conventional radiography was the modality of choice to examine the paranasal sinuses. The standard 
radiographic sinus series consists of four views: lateral view, Caldwell's view, Waters' view, and submentovertex or base view.[61] The lateral view shows the bony perimeter of the frontal, maxillary, and sphenoid sinus. Caldwell's view 
( Figure 49-1 ) shows the bony perimeter of the frontal sinus. Waters' view ( Figure 49-2 ) shows the outlines of the maxillary sinuses, some of anterior ethmoid air cells, and the orbital floors. The submentovertex view evaluates the sphenoid 
sinus and the anterior and posterior walls of the frontal sinuses.

Standard radiography may be accurate in showing air and fluid levels in the frontal, maxillary, and sphenoid sinuses, but it significantly underestimates the degree of chronic inflammatory disease present, particularly in the ethmoid sinuses. 
Furthermore, the superimposition of fine bony structures precludes the accurate evaluation of the anatomy of the osteomeatal channels.[67] [68] [69] [70] [71] [74] 

COMPUTED TOMOGRAPHY

Computed tomography (CT) is currently the modality of choice in the evaluation of the paranasal sinuses and adjacent structures.[67] [68] [69] [70] [71] [74] Its ability to optimally display bone, soft tissue, and air facilitates accurate depiction of anatomy 
and extent of disease in and around the paranasal sinuses.[67] [68] [69] [70] [74] In contrast to standard radiography, CT can clearly show the fine bony anatomy of the osteomeatal channels.

Many authors stress the importance of initially performing CT after a course of adequate medical therapy to eliminate changes of mucosal inflammation and to better evaluate the underlying anatomic structures. To minimize mucosal edema 
and allow an improved display of the fine bony architecture, some authors also suggest routine management with a sympathomimetic nasal spray before scanning to reduce nasal congestion.[2] 

Technique

Imaging in the coronal plane is recommended ( Figure 49-3 ). The coronal plane optimally shows the osteomeatal unit, the relationship of the brain and ethmoid roof, and the relationship of the orbits to the paranasal sinuses.[67] [68] [69] [70] [71] [74] 
Coronal images correlate with the surgical approach and therefore should be obtained in all patients with inflammatory sinus disease who are surgical candidates.[50] 

In patients who are intubated or have tracheostomy sites, it is not technically feasible to position them for coronal scans. Also, young children, patients with severe cervical arthropathy, and patients who are otherwise debilitated usually will 
not tolerate the examination. In such patients, thin-section, contiguous axial images with coronal reconstructions are performed.

Direct axial images are recommended to complement the coronal scans when severe disease in the sphenoid and posterior ethmoid sinuses is present and surgical management is contemplated. Spiral CT technique can aid the evaluation of 
pediatric and debilitated patients and afford additional data to improve the quality of multiplanar reconstructed images. Multislice-multichannel CT scanners can acquire much thinner slices, allowing excellent-quality reconstructed images in 
any desired plane with practically no lost information during postprocessing.

Scanning is performed from the anterior wall of the frontal sinus through the posterior wall of the sphenoid sinus. Contiguous 3-mm thick images are obtained. Scanning with contiguous images is important to avoid loss of information 
through "skipped" areas.[34] With state-of-the-art CT scanners, slices as thin as 0.5 mm can easily be obtained without increased scanning time. The field of view is adjusted to include only the areas of interest. This helps reduce
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Figure 49-1 The modified Caldwell view. A, Positioning diagram. B, Sample radiograph. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-2 The modified Waters view. A, Positioning diagram. B, Sample closed-mouth radiograph. C, Sample open-mouth radiograph. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-3 Lateral computed tomography shows the patient's position during the examination. Dotted lines represent the scanner gantry angulation, which should be as perpendicular as possible to the hard palate (arrows). (From Som PM, 
Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-4 A, Coronal magnetic resonance images of a healthy volunteer. B, Motion of the nasal cycle is seen. 
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the ipsilateral frontal, anterior ethmoid, and maxillary sinuses. Radiology of the anatomy should show these osteomeatal channels.

Normal Anatomy

An understanding of the anatomy of the lateral nasal wall and its relationship to adjacent structures is essential[14] [15] [71] ( Figure 49-5 ). The lateral nasal wall contains three bulbous projections: the superior, middle, and inferior turbinates 
(conchae). The turbinates divide the nasal cavity into three distinct air passages: the superior, middle, and inferior meati. The superior meatus drains the posterior ethmoid air cells and, more posteriorly, the sphenoid sinus (through the 
sphenoethmoidal recess). The middle meatus receives drainage from the frontal sinus (through the nasofrontal recess), the maxillary sinus (through the maxillary ostium and subsequently the ethmoidal infundibulum), and the anterior 
ethmoid air cells (through the ethmoid cell ostia). The inferior meatus receives drainage from the nasolacrimal duct, a structure usually identifiable on coronal sections.

On CT, the first coronal images display the outline of the frontal sinuses ( Figure 49-6 ). The frontal sinuses are funnel shaped. Their aeration varies 

 
Figure 49-5 A through I, Coronal computed tomography (CT) of paranasal sinus anatomy and thin-section coronal CT images of a cadaver. The anterior osteomeatal unit is shown in images F through H. The frontal recess (small curved 
lines), the middle meatus (dashed lines), the infundibulum (small arrows), and the primary ostium of the maxillary sinus (large white arrows) are seen. F, Frontal sinus; A, agger nasi cell; b, ethmoid bulla; M, maxillary sinus; black arrow, 
the basal lamella; S, sphenoid sinus; 1, inferior turbinate; 2, middle turbinate; 3, superior turbinate. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 



Figure 49-6 Anatomy of the frontal sinus. Coronal computed tomography of the frontal sinuses from A, anterior to D, posterior shows the relationship between the frontal sinus (F) and the middle meatus (dotted line). Note that there is a 
bony strut (heavy black arrow) separating the frontal sinus and the anterior middle meatus. This separation is lost on the more posterior images, revealing the position of the frontal recess (white arrow). Note the position of the agger nasi cell 
(A) and its relationship to the frontal recess. The nasal septum (S), the ethmoid bulla (B), the middle turbinate (T), and the concha bullosa (C) are also seen. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-7 Anatomy of the frontal recess. A and B, Coronal computed tomography (CT) reveals a patent frontal recess (white arrow) despite the presence of a large agger nasi cell (A). C, Coronal CT in a different patient with an obstructed 
right frontal recess and mucoperiosteal thickening in the right frontal sinus (open arrow). An agger nasi cell (A) is seen. D, Density-reversed coronal CT in a cadaver optimally shows the position of the frontal recess (arrowhead). Also note 
the relationship between the middle turbinate (T), the uncinate process (U), the agger nasi cell (A), and the middle meatus (dashed line). E and F, Three-dimensional CT with a sagittal cut-plane view of the paranasal sinuses shows the 
position of the frontal recess (curved arrow) and shows that its shape is that of an hourglass narrowing between the frontal sinus (F) and middle meatus (M). (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 
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Figure 49-8 Anterior osteomeatal channels. Coronal computed tomography through the anterior ethmoid sinuses shows the air passages intercommunicating the frontal sinus (F), anterior ethmoid sinus, and maxillary sinus (M). The primary 
ostium (O) of the maxillary sinus communicates with the infundibulum (INF), which is bordered medially by the uncinate process (U) and laterally by the orbit. In turn, the infundibulum communicates with the middle meatus (asterisks) 
through the hiatus semilunaris (most medial white arrow in A, black arrow in B). The frontal recess (white arrowheads) is patent. The ethmoid bulla (B) is usually the largest air cell in the anterior ethmoid sinus. Note the vertical attachment 
of the middle turbinate (2) to the cribriform plate (CP) and its lateral attachment to the lamina papyracea, the basal lamella (BL). The air space between the basal lamella and the ethmoid bulla is the sinus lateralis (sl). The inferior turbinate 
(1), the nasal septum (NS), the vomer (V), and the perpendicular plate of the ethmoid bone (P) are also seen. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 
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Figure 49-9 Anatomy of the basal lamella and sinus lateralis. A, Sagittal reconstructed plane (SC) from direct coronal computed tomography (CT) data and B, sagittal reconstructed plane (PSC) from direct axial computed tomography data 
show the outline of the basal lamella (BL) and the position of the sinus lateralis (SL) in between the basal lamella and the ethmoid bulla (B). The position of the hiatus semilunaris (dashed U-shaped line in A), the frontal recess, and the 
anterior middle meatus (curved arrow in A and dotted line in B) are noted. The frontal sinus (F), sphenoid sinus (S), uncinate process (U), middle meatus (asterisks), inferior turbinate (1), middle turbinate (2), bony palate (BP), and middle 
meatus-nasopharynx junction (heavy white arrow in B) are shown anterior (A) and posterior (P). C and D, Axial computed tomography images show the orientation of the uncinate process (u) and its association with nasolacrimal duct (small 
black arrow). Note the attachment of the basal lamella (small white arrows) to the lamina papyracea. The ethmoid bulla (curved arrow) is the air cell anterior to the basal lamella; in both of these patients, the posterior wall of the air cell is 
incomplete, providing direct communication between the ethmoid bulla and the sinus lateralis. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-10 The sphenoid sinus anatomy. A and B, Coronal computed tomography (CT) shows the boundary between the posterior ethmoid sinus (PE) and the sphenoid sinus (S). This boundary is best recognized by the position of the 
sphenoethmoidal recess (feathered arrows). B, The coronal image is likely through the anterior sphenoid sinus when only the inferior edge of the sphenoethmoidal recess is identified. C, Coronal CT through the sphenoid sinus (S) shows the 



number and orientation of septa within the sinus and the relationship to the foramen rotundum (heavy black arrow) and vidian canal (fine black arrow). D, Paramedial sagittal CT shows the position of the sphenoid sinus ostium (curved 
arrow) and the sphenoethmoidal recess (feathered arrows). The frontal sinus (F) and sphenoid sinus (S) are seen. E, Three-dimensional CT with a coronal cut-plane view through the posterior aspect of the posterior ethmoid sinus (PE) 
reveals the orientation of the sphenoethmoidal recess (open arrow) and position of the sphenoid sinus ostia (curved arrows). (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-11 The concha bullosa in two patients. A, The coronal computed tomography (CT) shows a prominent right concha bullosa (asterisk) with communication to the frontal recess (small arrow). Note the obstruction of the right 
middle meatus (curved arrow). B, The coronal CT shows a left-sided concha bullosa (asterisk) with communication to the sinus lateralis (small arrow). Note the contralateral Haller cell (H). (From Som PM, Curtin HD: Head and neck 
imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-12 The nasal septal deviation with spurring. The coronal computed tomography shows deviation of the nasal septum toward the right side with a right-sided cartilaginous nasal spur (asterisk). Note the ipsilateral concha bullosa 
(arrow). Both of these anatomic variants contribute to marked narrowing of the right nasal cavity and ethmoid passages. 

 

Figure 49-13 The paradoxic middle turbinate. A, The coronal computed tomography (CT) shows bilateral paradoxic middle turbinates. The right side is highlighted (solid arrow). B, The endoscopic view correlates with the CT findings 
(arrow). (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 



 

Figure 49-14 The atelectatic uncinate process. The coronal computed tomography shows that the right uncinate process is apposed to the inferomedial aspect of the orbit (arrows). The resultant obstruction of the infundibulum is usually the 
cause of the prominent inflammatory process in the ipsilateral maxillary sinus (small black M). Note that this is associated with hypoplasia of the ipsilateral maxillary sinus compared with its counterpart (large white M). (From Som PM, 
Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-15 A Haller cell. A, Note the left Haller cell (plus sign) with the ethmoid bulla ostia (b) located medially opening into the infundibula. B, Bilateral Haller cells (plus sign). Note their close proximity to the uncinate process and their 
influence on the infundibula (small arrows). (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-16 Extensive pneumatization of the sphenoid sinus. Coronal computed tomography shows pneumatization of both anterior clinoid processes (arrows) and their relationship to the optic nerves (o) and internal carotid arteries (C). 
The presence of anterior clinoid process pneumatization is an important indicator of optic nerve vulnerability during functional endoscopic sinus surgery. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 



 

Figure 49-17 Computed tomography (CT) and magnetic resonance imaging (MRI) display of an encephalocele. A, Coronal CT through the posterior ethmoid sinus shows erosion of the roof of the posterior ethmoid sinus (open arrow and 
asterisk). B, Axial T1-weighted MRI shows an isolated soft tissue mass within the posterior ethmoid sinus (arrow), which on C, coronal T1-weighted MRI confirms to be an encephalocele. The gyrus rectus (r) and gyrus orbitales (o) are 
noted. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-18 Computed tomography (CT) and magnetic resonance imaging (MRI) appearance of an encephalocele. A, The coronal CT through the posterior ethmoid sinus shows wide erosion of the ethmoid sinus roof (open arrow) with a 
soft tissue mass penetrating into the ethmoid sinus (asterisk). B, T1-weighted sagittal MRI shows the outline of the brain tissue (large arrows) and meninges and cerebrospinal fluid (small arrows). (From Som PM, Curtin HD: Head and neck 
imaging, ed 3, St Louis, 1996, Mosby.) 



 

Figure 49-19 Relationship of optic nerves to sphenoid sinus. Type three optic nerves (black arrows) course through the sphenoid sinus with more than 50% of the nerves surrounded by air. Note that there is dehiscence of the bone covering 
the right optic nerve (curved white arrow). This increases the risk of optic nerve damage during functional endoscopic sinus surgery. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-20 Osteitis of the paranasal sinus walls. A, Coronal computed tomography (CT) through the ethmoid sinus shows bilateral antrostomies, uncinectomies, and partial anterior ethmoidectomies. Note the pronounced thickening of the 
orbital floors bilaterally but more severely on the right side (open arrow). There is marked thickening of the lamina papyracea bilaterally (solid arrows). These changes are occasionally seen in patients who have undergone multiple surgical 
procedures in this area. B, Coronal CT through the anterior ethmoid sinus in a patient with Wegener's granulomatosis shows diffuse, pronounced bony thickening of the perimeter of the maxillary sinuses and lamina papyracea and the 
presence of soft tissue masses (asterisks) within the orbits. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-21 Maxillary sinus air-fluid level. A, Waters' view (patient prone) with right maxillary sinus opacity. B, The same patient in upright position shows the air-fluid level. C, The lateral view with maxillary sinus air-fluid level 
(arrow). D, Computed tomography shows bilateral maxillary sinus air-fluid levels. 



 

Figure 49-22 OMU pattern of sinusitis. Inflammatory changes obstruct the left middle meatus (asterisk) with resulting opacification of the left maxillary (M), frontal (F), and anterior ethmoid (arrow) sinuses. (From Som PM, Curtin HD: 
Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-23 Chronic sinusitis. A, Axial T1-weighted proton density. B, Axial T2-weighted proton density. C, Magnetic resonance (MR) scan. D, Computed tomography (CT) scan. The expanded ethmoid and sphenoid sinuses are opacified 
(A). However, if a proton density and T2-weighted series were the only MR scans taken, the dried secretions easily seen on CT (D) could be mistaken for aerated sinuses in B and C. (From Som PM, Curtin HD: Head and neck imaging, ed 3, 
St Louis, 1996, Mosby.) 



 

Figure 49-24 A, Axial computed tomography. Central areas of increased attenuation in both maxillary sinuses are separated from the sinus walls by a thin zone of low attenuation (mucoid) material. This is consistent with desiccated sinus 
secretions, mycetoma, and hemorrhage. B, T1-weighted magnetic resonance imaging. The central areas of the antra have high T1-weighted signal intensity with surrounding low signal intensity material, which is diagnostic of hemorrhage 
with inflammation. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-25 Axial computed tomography scans (A) in the midsinus and (B) in the upper portion of the left maxillary sinus. In A, the sinus appears to be opacified. However, in B, air can be seen outlining the upper surface of a large 
retention cyst or polyp. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 



 

Figure 49-26 Axial proton density magnetic resonance imaging scans (A) low in the antrum and (B) higher in the antrum show a retention cyst in the left antrum. If the contour of the upper surface is not clearly noted on all scans, this cyst 
could be mistaken for an air-fluid level. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 

 

Figure 49-27 Sinus mucoceles. A, Frontal view of right frontal-ethmoid sinus mucocele. Right orbital border is expanded. B, Lateral view of same patient with expansible change in frontal sinus and ethmoidal expansion. C, Frontal 
tomogram of another patient with left ethmoid sinus mucocele. Note expansible thinning of ethmoidal cells and orbital roof thinning. D, Right sphenoid sinus mucocele with expanded thinning of septum. (From Som PM, Curtin HD: Head 
and neck imaging, ed 3, St Louis, 1996, Mosby.) 



 

Figure 49-28 Polyposis and sinusitis. A, Coronal proton density image and B, T2-weighted magnetic resonance imaging scans show bilateral nasoethmoid expansile masses causing hypertelorism. These masses have the same signal 
intensities as the mucosal thickening in the left antrum and the material in the right antrum, namely an intermediate signal intensity in A and a high signal intensity in B. (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 
1996, Mosby.) 

 

Figure 49-29 Anatomic landmarks to be evaluated in patients after functional endoscopic sinus surgery. A, Coronal computed tomography (CT) image through the anterior ethmoid sinuses shows a prominent asymmetry in the position of the 
roof of the ethmoid sinuses (solid arrowheads). The intracranial penetration (fine black arrow) is usually on the side where the roof is lower in position. B, Coronal CT image through the anterior ethmoid sinus in a patient after bilateral 
uncinate resections and partial middle turbinectomies (fine white arrows). If there is an intraorbital complication during such a surgical procedure, it usually involves the lamina papyracea at the attachment of the basal lamella (curved 
arrow). (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 



 

Figure 49-30 Orbital complications from functional endoscopic sinus surgery. Axial (A) and coronal (B) computed tomography images in a patient who was found to be blind after undergoing bilateral anterior ethmoidectomies, partial 
bilateral middle turbinectomies, and bilateral uncinate resections. Note the defects in the lamina papyracea bilaterally (open arrows) and the severed bilateral optic nerves (solid arrows). (From Som PM, Curtin HD: Head and neck imaging, 
ed 3, St Louis, 1996, Mosby.) 
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hemorrhage should undergo noncontrast head CT. If subarachnoid blood is found, cerebral angiography is recommended to detect vascular injury.[16] [17] [55] 

Injury to the nasolacrimal duct can occur during anterior enlargement of the maxillary ostium in the middle meatus. Injury to the membranous portion of the duct may be self-limited and remit by spontaneous fistulization into the middle 
meatus. Stenosis or total occlusion of the nasolacrimal duct can result from more severe injury.[40] 

Postoperative CSF leak is another major complication of FESS. [33] [34] [40] [56] These leaks occur after inadvertent penetration of the dura. Extension of the injury to involve the cribriform plate, fovea ethmoidalis, anterior cranial fossa, and the 
skull base has been reported. Secondary nasal encephalocele or deep penetration of the cerebrum can be seen after violation of the cranial vault. [62] A CSF leak may not become clinically apparent for up to 2 years after surgery.[16] [17] CSF leaks 
will often close spontaneously with conservative measures (e.g., lumbar drain).[16] [17] However, if they persist, radiologic workup is indicated.

In many institutions, a radionuclide CSF study is the initial radiologic screening examination in such patients.[4] [37] Before beginning the study, the otolaryngologist places three to four absorbent pledgets on each side of the nasal cavity and 
notes their location within the nasal cavity. Next, 400 to 500 microCi of indium-111 (111 In)-labeled DTPA is placed in the subarachnoid space by the neuroradiologist through a cervical or lumbar puncture.

The patient undergoes imaging with a gamma camera at multiple intervals up to 24 hours. Any position 

 
Figure 49-31 A cerebrospinal fluid (CSF) leak seen after functional endoscopic sinus surgery. Indium-111 pentetic acid CSF study in the anteroposterior (AP) (A) and lateral (B) projections shows normal activity in the subarachnoid spaces. 
No activity is seen within the paranasal sinuses or nasal cavity (black arrowhead). C, Delayed AP image of the abdomen shows abnormal bowel activity because of swallowed secretions from occult CSF leakage (open arrows). Residual 
activity within the subarachnoid space is noted (black arrows). (From Som PM, Curtin HD: Head and neck imaging, ed 3, St Louis, 1996, Mosby.) 
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Chapter 50 - INFECTIOUS CAUSES OF RHINOSINUSITIS

Berrylin J. Ferguson 
Jonas T. Johnson 

INTRODUCTION

Inflammation of the paranasal sinuses can be infectious or noninfectious. Because of the almost universal involvement of the nose in inflammatory sinus conditions, the term rhinosinusitis (RS) instead of sinusitis was recommended by the 
1997 Task Force of the Rhinology and Paranasal Sinus Committee. [39] Rhinosinusitis can be categorized as acute (less than 4 weeks in duration), subacute (more than 4 weeks but less than 12 weeks), and chronic (more than 12 weeks). The 
vast majority of infectious causes of RS are acute, self-limited viral events, also known as the common cold. Fewer than 2% of colds in adults and up to 30% of colds in children progress to bacterial RS. The causes of chronic rhinosinusitis 
(CRS) are multiple and include infectious (viral, bacterial, and fungal), allergic, anatomic, mucociliary, (e.g., cystic fibrosis, primary or acquired ciliary dyskinesia), and systemic disorders. CRS is less frequently bacterial in etiology and is 
most broadly subdivided into categories of patients with hyperplastic mucosal changes with polyps and those without polyps.



The prevalence of RS is great, although estimates vary because of differences in definitions of sinusitis and in the population studied. Nevertheless, RS is one of the most common health complaints in the United States.[14] 

ACUTE RHINOSINUSITIS

Viral Rhinosinusitis

Adults average two to four colds per year.[53] The most common viral causes of a cold are rhinovirus, parainfluenza viruses, respiratory syncytial virus (RSV), and influenza virus. The seasonality of these respiratory agents varies throughout 
the year. Each of these viruses have many serotypes, each of which can vary in potency and severity of infection. Rhinovirus is the most common cause of adult colds and peaks in early fall. RSV and influenza virus are more destructive of 
respiratory cilia and peak in winter and early spring respectively.[50] [51] The clinical presentation of viral and bacterial RS are overlapping. In a cold, almost half of all infected persons experience a sore throat as a first symptom that resolves 
within 1 or 2 days; cough and nasal drainage are much improved at a week but may not totally resolve for several weeks. [1] [74] 

Radiographs are not helpful in distinguishing a cold from a bacterial infection. Viral rhinosinusitis (VRS) caused sinus CT changes impossible to differentiate from an acute or chronic bacterial sinus infection in almost 90% of subjects who 
underwent sinus CT within 48 hours of onset of cold. The vast majority of these scanned patients improved or resolved on follow up CT scans 2 weeks later without any treatment.[26] Up to 30% of patients with VRS have plain sinus films 
indistinguishable from those of patients with ABRS.[57] 

Treatment of the Common Cold

There are no approved treatments by the U.S. Food and Drug Administration (FDA) for the treatment of a common cold except for ipratropium bromide nasal spray for reducing rhinorrhea. Although over-the-counter antihistamines are often 
part of "cold remedies," there are no double-blind placebo-controlled trials demonstrating their efficacy in VRS, and perceived efficacy is probably caused by the anticholinergic properties of first-generation antihistamines in conjunction 
with the sedation. Decongestants are usually an ingredient in cold remedies and may be helpful, although adverse effects include insomnia and agitation. A short course of a topical decongestant for nasal congestion, analgesics, chicken soup, 
and time are the traditional and still recommended treatments for a cold. The 25% to 33% of adults with colds who are concomitantly colonized with pathogenic bacteria in the nasopharynx such as Streptococcus pneumoniae, Moraxella 
catarrhalis, and Haemophilus influenzae are significantly more symptomatic than those with colds without concomitant bacterial colonization.
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Nevertheless, in a study by Puhakka and colleagues[59] of almost 200 adults with colds, all adults resolved symptoms within 3 weeks regardless of bacterial colonization.

Acute Bacterial Rhinosinusitis

Maxillary sinus taps performed largely under pharmaceutical sponsorship to study the efficacy of antibiotics in bacterial sinusitis provide a large database for the frequency of bacterial isolates. The acute bacterial pathogens that cause acute 
sinusitis are the same in adults as they are in children. The most common causes of acute bacterial rhinosinusitis (ABRS) are S. pneumoniae and H. influenzae ( Table 50-1 ). These pathogens have caused ABRS since studies were first 
performed and continue to be the major causative organisms. Over the last 5 years, antimicrobial resistance has increased dramatically. Almost half of S. pneumoniae organisms are intermediately or highly resistant to penicillin, and resistant 
organisms are commonly also resistant to other classes of antibiotics such as the macrolides and trimethoprim/sulfamethoxazole. The most important message from several guidelines regarding appropriate therapy for ABRS is to not use 
antibiotics for the treatment of the common cold, the most common cause of acute infectious RS. Distinguishing a cold from ABRS is not easy. Even in antibiotic trials requiring the presence of purulent discharge for at least 7 days and 
abnormal radiographs, only 60% of maxillary taps show bacteria in high concentration. The 40% with no bacteria are presumed to be largely viral or of other noninfectious causes.[68] The probability that an acute RS is bacterial is increased in 
patients with symptoms of a cold who suddenly worsen after several days instead of slowly improving or if persistent severe symptoms extend beyond 7 days. Purulent nasal discharge is the single most common symptom, and upper teeth 
pain is the most specific symptom, although it occurs in only about 10% of cases. Facial pressure or pain in the  

TABLE 50-1 -- COMMUNITY ACQUIRED ACUTE SINUSITIS IN ADULTS[27]

Gwaltney, Clinical Infectious Disease 1996

Streptococcus pneumoniae 41%

Haemophilus influenzae 35%

Anaerobes •7%

Streptococcal species •7%

Moraxella catarrhalis •4%

Staphylococcus aureus •3%

Other •4%
 
absence of other symptoms, such as congestion or increase purulent dicharge, is usually not caused by sinus infection.[39] 

In 2000, the Sinus and Allergy Health Partnership sponsored Guidelines for the Treatment of ABRS. A model developed by Michael Poole was used to predict the efficacy of an antibiotic in situations not guided by culture. Taking into 
account the relative frequency of a bacterial pathogen and its spontaneous resolution rate over the course of 10 days, combined with the antimicrobial sensitivities of the organism, one can calculate that 40% of patients with a true bacterial 
infection will resolve without therapy. If one adds in the patients who appear to have a bacterial infection but whose culture results were negative and thus are presumed to have a viral infection, the spontaneous resolution rate of patients 
suspected of having ABRS is 60%. Amoxacillin is still the recommended first-line drug. If patients are so sick that waiting 48 hours to judge whether the antibiotic is helping would be deleterious to their health, then a fluoroquinolone or 
amoxicillin/clavulanate with additional amoxicillin, is recommended as a first-line antibiotic regimen.[68] 

The presence of nasal congestion and rhinorrhea for 7 to 14 days suggests acute bacterial sinusitis. Nasal examination reveals edema, hyperemia, and frequently purulent debris.



Acute sinusitis may be thought of as an abscess or empyema. Treatment should be aimed at providing adequate drainage and eradication of local and systemic infection. In most patients, drainage of the involved sinuses can be accomplished 
medically. Topical vasoconstrictors and systemic decongestants frequently provide adequate drainage so that antibiotics can effectively treat the infection.

When a patient fails to improve in 3 to 5 days or continues to have symptoms beyond 10 to 14 days, it usually is found that drainage has been inadequate or a resistant organism has emerged. Under these circumstances, another course of 
antibiotic therapy is appropriate according to the guidelines in the Sinus and Allergy Health Partnership 2000.[68] If signs and symptoms persist, sinus secretions should be obtained for Gram's stain, culture, and sensitivity studies. The chances 
of recovery of the causative organism will be increased if the patient has been off antibiotics for 5 to 7 days. If the infection continues to worsen despite appropriate antibiotic therapy or if a complication develops, surgical drainage of the 
affected sinuses is required.

Surgical Drainage in Acute Rhinosinusitis

A number of techniques can be effectively used to establish drainage in patients with acute maxillary
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sinusitis. The mucosa of the middle turbinate and the middle meatus should first be vasoconstricted, and the intended puncture site should be anesthetized. Either the canine fossa or the inferior meatus are ideal puncture sites. The contents of 
the maxillary sinus can then be displaced by passing a trocar into the maxillary sinus and by irrigating with normal saline. The contents of the sinuses will flow out through the natural ostium.

The traditional approach to empyema of the frontal sinus that fails to respond to conservative therapy is to trephine the sinus, which is accomplished through an incision made in the medial aspect of the upper eyelid, exposing the floor of the 
frontal sinus. The bone is removed with a cutting drill; specimens are obtained for culture and sensitivity tests; and the sinus is irrigated. Alternatively, commercial trephination drills may allow fast and easy placement of a port into the sinus 
through a 2-mm incision, which is generally made in a skin crease or adjacent to the eyebrow overlying the frontal sinus. In patients in whom the frontal sinus is involved bilaterally, the intersinus septum can be taken down. A catheter is 
placed through the wound into the frontal sinus to allow irrigation with a decongestant antibiotic solution (e.g., oxymetazoline with bacitracin), which is undertaken twice daily until free flow of the irrigating solution through the nasal frontal 
duct into the nose is achieved. Unfortunately, it often takes 7 to 10 days to restore function of the nasal frontal duct. Management of acute frontal sinusitis with restoration of integrity of the nasal frontal duct using endoscopic sinus surgical 
techniques[62] is an ideal alternative to or can be combined with trephination.

Empyema of the ethmoid or sphenoid sinuses that fails to respond to medical therapy may require surgical drainage, which can be accompanied endoscopically in most patients. An external surgical approach, such as external 
sphenoethmoidectomy, is an alternative for surgeons who are not familiar with intranasal/endoscopic surgery.

Endoscopic vs Maxillary Puncture Cultures

The paranasal sinuses are sterile under normal circumstances; however, the nose and nasopharynx are frequently colonized with normal flora. In healthy adults, 40% may carry coagulase-negative staphylococci, Corynebacterium sp. and 
Staphylococcus aureus and organisms such as diphtheroids and Streptococcus viridans are commonly present in VRS.[24] None of these are common pathogens in ABRS. Children, however, commonly harbor the ABRS pathogens H. 
influenzae, M. catarrhalis, and S. pneumoniae in the middle meatus and adenoid tissue. Because the same pathogens that cause ABRS are normally found in the middle meatus in children, endoscopic cultures are not recommended as a 
surrogate for maxillary taps in children. Despite differences in normal nasal flora, the acute bacterial pathogens that cause ABRS are similar in adults and children.

In adults, aspirates of purulence from the middle meatus show a good correlation with maxillary taps in acute RS[73] [77] but not in patients in the intensive care unit, [37] and results are mixed in CRS.[23] [80] Endoscopically directed cultures changed 
antibiotic therapy in 40% of cases in one prospective observational study.[20] 

CHRONIC SINUSITIS

Chronic paranasal sinusitis is characterized by persistent suppuration lasting beyond the acute stages of infection. An arbitrary temporal definition has little real value, although sinus symptoms lasting more than 12 weeks can be considered 
chronic, and symptoms of 4 to 12 weeks can be considered subacute.[39] Critical to the treatment of patients with chronic sinusitis is a thorough search for underlying etiologic factors that are manageable. If, for example, unrecognized or 
uncontrolled nasal allergy causes the chronic sinusitis, the benefits of surgery alone usually are limited in extent and brief in duration. Allergic patients should be identified, and every effort should be made to treat the underlying allergies 
with appropriate environmental controls, medication, desensitization, or some combination thereof. Topical steroids applied through nasal inhalers usually provide some degree of temporary control, particularly during peak periods of 
exposure to the allergen. Systemic steroids are usually effective in reducing nasal polyposis, but the well-known adverse effects preclude their use as long-term therapy. When nasal polyposis is severe and refractory to medical therapy, 
surgical removal of the polyps and the mucosa from which they originate (i.e., ethmoid or maxillary sinus mucosa) may prevent recurrence for months or years; however, in the majority of patients the polyps will recur.

Krouse,[38] Baroody and others, [5] and Ramadan[59] reported a higher incidence of severe sinus disease as identified by the Lund MacKay CT scoring system in patients with the highest degrees of inhalant sensitivities. In contrast, Emanuel[15] 
found that a positive correlation between allergy and sinus CT score existed, but did not include the patient group with the most extensive sinus disease. These patients were less likely to be allergic than were those with lower CT scores. This 
may reflect the more extensive hyperplastic mucosal disease seen in the subset of aspirinsensitive asthmatics, who usually do not also suffer from inhalant allergy.

Stankiewicz and colleagues have shown that almost half of patients with a strong history of chronic RS
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based on symptoms do not have CT or endoscopic evidence of sinus disease.[68] Thus, an objective verification of RS is required before initiating prolonged antibiotic courses. In addition, the extent of disease on sinus CT does not correlate 
with the severity of symptoms.[6] Thus, timing of the CT scan, the patients' clinical findings, and response to medical therapy must all be considered in determining the most appropriate continued therapy.

There are many, and frequently overlapping, causes of CRS. In addition, one etiologic agent may cause inflammation through multiple mechanisms. The various pathophysiologic mechanisms can be separated into those that are extrinsic or 
environmental and those that are intrinsic to the host. This section will review the evidence for association or causation of CRS for various extrinsic agents. Table 50-2 broadly defines various pathophysiologies based on extrinsic or intrinsic 



classification.

James Baraniuk[4] has classified the various possible pathophysiologic etiologies as inflammatory or noninflammatory RS. His classification divides CRS into inflammatory rhinitis (based on predominate type of cellular infiltrate) and 
noninflammatory rhinitis (which includes neural dysfunction and other causes such as hormones and drugs). A modification of the inflammatory portion of his classification appears in Table 50-3 .

Despite these many causes and classifications, the clinical findings are frequently similar and nonspecific for the cause. Further complicating examination of the pathophysiolgic mechanism in CRS is the frequent coexistence of more than 
one cause, such as the patient with nasal polyps associated with cystic fibrosis in whom bacterial biofilms exist. Or there is the development of structural abnormalities initiated by infection, such as osteoneogenesis or the irreversible 
destruction of cilia and respiratory epithelium. This is demonstrated dramatically in infection by Klebsiella ozaenae, also known as rhinoscleroma, which is an important cause of atrophic rhinitis.

Bacterial Causes of Chronic Rhinosinusitis

Numerous studies have examined the bacterial pathogens associated with CRS. When compared with acute bacterial RS, most studies show significant differences in the microbial pathogens present compared with pathogens present in acute 
bacterial RS. S. aureus, coagulase-negative staphylococcus, and anaerobic and gram-negative bacteria predominate in CRS, while S. pneumoniae, H. influenzae, and M. catarrhalis predominate in acute bacterial RS.

It is difficult to interpret the bacteriologic CRS findings in the literature because of conflicting findings and overlap between microorganisms present in  

TABLE 50-2

Extrinsic causes of CRS

••1. Infectious (viral, bacterial, fungal, parasitic)

••2. Noninfectious/inflammation

•••••a. Allergic—IgE mediated

•••••b. Non IgE mediated hypersensitivities

•••••c. Pharmacologic

•••••d. Irritants

••1. Disruption of normal ventilation or mucociliary drainage

•••••a. Surgery

•••••b. Infection

•••••c. Trauma

Intrinsic causes contributing to CRS

••1. Genetic

•••••a. Muco-Ciliary Abnormality

••••••••••i. Cystic Fibrosis

•••••••••ii. Primary Ciliary Dysmotility

•••••a. Structural

•••••b. Immunodeficiency

••1. Acquired

•••••a. Aspirin hypersensitivity associated with asthma and nasal polyps

•••••b. Autonomic dysregulation

•••••c. Hormonal

••••••••••i. Rhinitis of pregnancy

•••••••••ii. Hypothyroidism

•••••a. Structural

••••••••••i. Neoplasms

•••••••••ii. Osteoneogenesis and outflow obstruction

••••••••iii. Retention Cysts and Antral Choanal Polyps

•••••a. Autoimmune or Idiopathic

••••••••••i. Granulomatous disorders

••••••••••••1. Sarcoid

••••••••••••2. Wegener's Granulomatosis



•••••••••ii. Vasculitis

••••••••••••1. Systemic Lupus Erythematosis

••••••••••••2. Churg Straus Syndrome

••••••••iii. Pemphigoid

•••••a. Immunodefieciency
 
patients without CRS. For example, coagulase-negative staphylococcus is found in approximately 40% of specimens in many studies, but is also found in 35% of normal adults on endoscopic culture of the middle meatus.[25] Issues that may 
contribute to the differences observed between studies include prior use of antibiotics, time and method by which cultures are obtained, differences in bacterial culture technique, difficulties in the culture of anaerobic organisms, prior 
medical and surgical history, and presence of polyps or unilateral disease. Antibiotic therapy in CRS is common; however, the data supporting antibiotic use in this condition is limited. Available studies are confounded by concomitant

1186

 
TABLE 50-3 -- PREDOMINANT CELLULAR INFLITRATE IN INFLAMMATORY RHINOSINUSITIS

Eosinophilic Neutrophilic Other

Allergic rhinitis (intermittent, persistent) Bacterial Viral (Mixed Response)

••Allergen-specific (e.g., foods, inhalants) Ciliary Dyskinesias Granulomas

  ••Wegener's granulomatosis

  ••Sarcoidosis

  ••Unusual infections

 Cystic Fibrosis Vasculitis

  ••Churg Strauss

  ••Systemic Lupus

  ••••Erythematosis

Chronic Eosinophilic Rhinosinusitis Foreign Body Pemphigoid

••Allergic Fungal Sinusitis (IgF Mediated)   

••Nonallergic Eosinophilic Fungal   

••••Rhinosinusitis   

••Nasal Polyps   

••Aspirin/Asprin sensitivity, asthma, polyps   

 
usage of topical and systemic steroids and a lack of controls and randomization. In a retrospective study of 200 patients with CRS treated with 4 weeks of oral antibiotics, topical corticosteroids, and other adjunctive medications, all patients 
subjectively improved after 1 month.[45] 

In a similar but smaller retrospective study of 40 patients with CRS, 4 to 6 weeks of antibiotics and a 10-day course of systemic corticosteroids resulted in improvement in CT scans and symptoms in 36 of 40 patients[69] ; 24 patients sustained 
improvement for at least 8 weeks. This may or may not support the role of antibiotics because systemic corticosteroids in some patients may exert a prolonged effect.

The initial treatment of a patient with chronic sinusitis should include antibiotics, intranasal steroid sprays, and decongestants. If the patient fails to respond to medical management, culture-directed antibiotics should be initiated if a pathogen 
can be identified. Many patients with CRS do not have an identifiable bacterial cause but represent other causes of hyperplastic mucosal disease such as nasal polyposis.[73] Surgical intervention aimed at débriding the diseased mucous 
membrane and at establishing improved drainage from the sinuses is required if patients fail to respond to medication. Most authorities now agree that a sustained effort at medical management with antibiotics, steroid sprays, and 
decongestants should be undertaken before surgery is deemed necessary. Patients with nasal polyps frequently will develop recurrent polyps despite surgery and require maintenance, nasal steroid spray, and frequent revision surgery.

SINUSITIS IN CHILDREN

At birth, the paranasal sinuses are incompletely developed. The maxillary sinus is a small air cell attached to the lateral wall of the nose, and the ethmoidal labyrinth is just beginning to pneumatize. The frontal sinus does not develop until the 
age of 6 to 8 years; the sinuses do not complete their development until well into adolescence. The variability that occurs in the rate of pneumatization frequently creates confusion in the examination of children with purulent nasal discharge.

Wald and others[79] outlined the pathophysiology of sinusitis in children. Symptoms in young children usually include halitosis, nasal discharge, and a cough that is characteristically protracted. In older children, a history of antecedent upper 
respiratory tract infection usually exists. Subsequently purulent rhinorrhea, nasal obstruction, and periorbital pain can develop. Exudate draining from the middle meatus in association with an upper respiratory tract infection and pain 
indicates acute paranasal sinusitis.[32] 

The diagnosis can be confirmed radiographically. The presence of fluid or clouding of the sinuses correlates well with purulent sinusitis. Completely opaque sinuses will contain pus on aspiration in 80% to 88% of patients.[3] [46] [78] Sinuses that 
demonstrate thickened mucous membranes with central aeration contain pus on aspiration 50% of the time.[3] The interpretation of sinus radiographs in children should be undertaken with some caution because asymmetry of sinus 



development may lead to misinterpretation.[8] 

Children rarely develop allergic nasal polyps before the age of 10 years,[63] therefore the presence of
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nasal polyps in young children requires evaluation for cystic fibrosis.

The aspiration of an infected maxillary sinus in children usually requires a general anesthetic. Indications for sinus aspiration include a failure to respond to antibiotics and decongestants, evidence of sinusitis in an immunosuppressed patient, 
or the development of a complication of sinusitis.

FUNGAL SINUSITIS

Fungal sinusitis is categorized into five manifestations: invasive, chronic invasive, fungus ball, saprophytic, and allergic fungal sinusitis.[17] 

Failure to categorize the manifestation and to instead use the general term of fungal sinusitis results in confusion because the prognosis and therapy of each manifestation of fungal sinusitis is different. These manifestations have distinctive 
histopathologies that also reflect the immunologic status of the host. Prognostic and therapeutic differences exist depending on which fungal species is responsible, but these differences, depending on the fungal species, are of less importance 
than the manifestation of the fungal sinusitis as categorized along the immunologic spectrum ( Table 50-4 ).

Invasive Fungal Sinusitis

Invasive fungal sinusitis is almost always confined to patients with altered host defenses, such as a patient undergoing transplantation (bone marrow, liver, lung, and so on), a diabetic patient, a patient with primary or acquired 
immunodeficiency (immunoglobulin deficiency, systemic prednisone, etc.), or a patient with leukemia. As the name implies, on histopathologic inspection, the fungus can be seen within and invading tissue ( Figure 50-1 ). Invasive fungal 
sinusitis is suspected when the immunocompromised patient develops a fever and localization of symptoms to the paranasal sinus area, such as orbital swelling, facial pain, or nasal congestion. Nasal endoscopy may show necrosis of the 
nasal mucosa (indicative of mucormycosis) and, in rare situations, actual hyphae. It is more  

TABLE 50-4 -- CLASSIFICATION OF FUNGAL SINUSITIS ALONG AN IMMUNOLOGIC SPECTRUM

Classification Immunologic Status Prognosis Treatment

Invasive agents Compromised Guarded Reversal of immunocompromise; surgery; antifungal agents

Chronic invasive Normal Fair Surgery antifungal agents

Fungus ball Normal Excellent Surgery

Saprophytic Normal Excellent Removal

Allergic immunotherapy Atopic Excellent Surgery; steroids; antifungal agents
 
usual to note only edema and changes indistinguishable from nonfungal causes of sinusitis. Anesthesia of the nasal mucosa or cheeks, independent of topical anesthetics, is suspicious for mucormycosis. The oral cavity should always be 
examined for invasion through the hard palate from the sinuses. If the diagnosis of invasive fungal sinusitis is suspected, a sinus CT should be obtained. Changes seen on sinus CT or plain radiographs usually make it indistinguishable from 
bacterial sinusitis, although they may show bony erosion or soft tissue invasion. Unfortunately, abnormal imaging studies are common in this compromised population. Up to 42% of patients with leukemia in one series had abnormal sinus 
radiographs.[36] 

Biopsy of the suspected tissue for pathology and culture is critical to making the diagnosis. Histopathology with special stains for fungus establish the diagnosis of invasive fungal sinusitis. Cultures should be obtained, preferably before the 
initiation of systemic antifungal treatment, which decrease the likelihood of the culture growing. It is critical that the diagnosis, once suspected, be made as quickly as possible. Therefore, a frozen section of the pathologic specimen or 
evaluation of the material submitted for culture by special fungal stains, such as Calcofluor white ( Figure 50-2 ) should be requested, and if either of these have results positive for fungus, appropriate antifungal therapy and extended surgical 
resection can be initiated without delay. Neither frozen section of the involved tissue nor special stains for fungus will definitively distinguish between fungal species, although mucormycosis can be suspected if the fungal elements seen are 
broad, ribbon-like (10–15 mm), irregular, and rarely septated ( Figure 50-3 ). The artifacts of frozen section may cause Aspergillus hyphal elements to appear swollen and similar to mucormycosis. Generally, on permanent histopathologic 
sections, the distinction between mucormycosis and Aspergillus species can be made. The Aspergillus species demonstrate more narrow hyphae with regular septations and 45-degree branching on histopathology ( Figure 50-4 ). Cultures are 
important for distinguishing Aspergillus species
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Figure 50-1 Histopathologic section demonstrating invasive fungal sinusitis on frozen section in a patient with leukemia. Subsequent cultures grew out an Aspergillus species. Note that some of the hyphae appear swollen, suggesting 
mucormycosis; this is an artifact of the frozen section. The 45-degree branching typical of Aspergillus species and septated hyphae are present. 



 

Figure 50-2 Calcofluor white stain demonstrating hyphal elements. This immunofluorescent stain can be used for immediate identification of fungal elements. 

 

Figure 50-3 A, Mucormycosis on histopathologic section demonstrating broad hyphae. (Periodic acid-Schiff stain.) B, The hyphae of mucormycosis can be seen invading the vessel wall. The vessel is thrombosed. (Hematoxylin-eosin stain.) 

 

Figure 50-4 Fungus ball showing hyphae of Aspergillus. The entire specimen was composed of a tangled mass of hyphae. No tissue invasion was seen. 



 

Figure 50-5 Axial computed tomographic scan of patient with allergic fungal sinusitis showing heterogeneity of densities within the ethmoid sinuses and erosion of the right lamina papyracea and posterior right sphenoid sinus. 
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Chapter 51 - NEOPLASMS

Ernest A. Weymuller Jr. 
Thomas J. Gal 

INTRODUCTION

True neoplasms of the paranasal sinuses are uncommon in the general population. The most common are squamous cell carcinomas, which occur with a frequency of <1:200,000 per year.[3] Because sinus malignancy initially mimics benign 
disease, the diagnosis usually becomes evident only after an advanced stage has been reached, thus explaining the relatively poor prognosis. In addition, as indicated by Ketcham,[35] "no one physician, no matter how intense his interest or 
ideal his patient referral patterns might be, can accumulate the experience to make him a paranasal sinus (cancer) specialist."

This chapter first discusses material common to all sinus tumors: anatomy, symptoms, physical findings, diagnostic assessment, and surgical options. Although these lesions are rare, numerous histologic subtypes must be differentiated and 
are discussed individually, because management varies significantly among them ( Figure 51-1 ).

ANATOMY

Assessment and surgical management of this group of tumors demands an intense personal effort to understand the complex anatomy of the sinuses and skull base. Such knowledge is best obtained through anatomic dissection and repeated 
review of the anatomy of the human skull. It may be helpful to have a skull available in the operating room for inspection during complex resections, especially those that approach or traverse the skull base.

Pertinent to this discussion are the structures contiguous to each of the sinuses, because they define the extent of disease and determine the design of therapy.

Maxillary Antrum

The most significant structures prognostically are above and behind the maxillary antrum. Superiorly is the orbit and the ethmoid sinus. The posterior border approaches the pterygoid plates, the pterygoid space, and the infratemporal fossa. 
The other boundary areas are more easily resected en bloc and thus are less worrisome when involved. Anteriorly is the canine fossa, inferiorly the alveolus, and medially the nasal cavity.

Ethmoid Sinus

As with the antrum, the least worrisome areas of spread from the ethmoid sinus are inferiorly into the antrum or medially into the nasal cavity. Of much greater concern is spread superiorly, where the fovea ethmoidalis and the cribriform 
plate provide little barrier to intracranial spread. Evidence of intracranial spread requires consideration of an anterior craniofacial resection. The lateral wall consists of the thin bone of the lamina papyracea, which also provides little 
resistance to neoplastic invasion.

Sphenoid Sinus

Located in the center of the head, the sphenoid sinus relates to very complex and vital structures. For this reason, complete resection of a malignant tumor involving the sphenoid sinus is usually not possible. The optic nerve and the pituitary 
gland are superior, and the internal carotid artery and the cavernous sinuses sit laterally. The bone of the lateral wall is usually <0.5 mm thick and not uncommonly is totally dehiscent.[20] Anterior to the sinus are posterior ethmoidal cells, and 
inferiorly are the vidian nerve and the nasopharynx.

Frontal Sinus

The least frequently involved by malignant tumor, the frontal sinus is bounded anteriorly by the soft tissues of the scalp, inferiorly by the ethmoidal cells and the orbit, and posteriorly by the anterior cranial fossa.

It is important to realize that all of the sinuses have venous communications with intracranial veins, which provide yet another avenue for lethal spread of neoplasm.
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Figure 51-1 Evaluation and management of suspected paranasal sinus cancer. 

 
•••Close anatomic investigations by the aforementioned authors have revealed that the lymph channels from the whole of the nasal cavity inside the vestibule from the lat- eral, as well as the medial and lower, walls pass in a back- ward 
direction toward the choana running together into a plexus in the lateral part of this. From this plexus a few large lymph channels are given off backwards above and below the eustachian cushion toward the posterior pharyngeal wall. Here 
they pick up finer branches from the nasophar- ynx before entering the retropharyngeal space. The lateral retropharyngeal lymph nodes receive most of these lymph vessels; only small branches pass directly upwards, empty- ing into the 
medial jugular glands located just below the base of the skull. From the lateral retropharyngeal lymph glands the lymph is conducted in stems of larger caliber that empty into a node belonging to the deep jugular chain and usually located at 
the level of the carotid bifurcation. It has generally been left to this node to determine the presence of metastases in the tumors we are concerned with. Obviously, such methods must lead to an erroneous conception of the frequency of 
metastases in the case of tumors of the lateral nasal wall, because the node is nothing but a secondary localization of metastases, whereas the primary metastases located in the retropharyngeal nodes have escaped the attention of the observer. 

SYMPTOMS

The most common symptoms associated with malignant tumors of the paranasal sinuses are facial or dental pain, nasal obstruction, and epistaxis. These early signs represent the impact of a necrotic infected mass situated within the paranasal 
sinus or nose. As the disease progresses, it infiltrates adjacent structures, giving rise to additional symptoms as follows: 



1.  Diplopia or vision loss is most often a manifestation of tumor mass compressing or invading the orbit and may also result from direct involvement of the optic or oculomotor nerves at the orbital apex or the cavernous sinus.
2.  Epiphora is caused by obstruction or infiltration of the lacrimal duct situated in the anteromedial aspect of the maxilla.
3.  Facial swelling and malocclusion result from bone destruction and advancement of the tumor into the soft tissues of the face or mouth.
4.  Trismus signals far-advanced tumor invading the muscles of mastication, most commonly the pterygoid muscles.
5.  Neck mass, palpable metastatic adenopathy in the jugular chain, is another sign of advanced disease, because the first-echelon nodes are located in the parapharyngeal region.
6.  Hearing loss usually results from nasopharyngeal extension of the tumor causing serous otitis. This finding is important because nasopharyngeal extension of disease is a contraindication to surgery.
7.  Facial numbness is a manifestation of tumor invasion of portions of the trigeminal nerve.

PHYSICAL FINDINGS

Until the tumor has infiltrated a cranial nerve or facial bones or grown sufficiently to obstruct a sinus osteum, it will silently advance in size and extent. Discovering an asymptomatic sinus tumor at an early stage is truly a rare and fortuitous 
event. The most common features include the following: 

1.  Nasal, facial, or intraoral mass. The intranasal mass is often necrotic, but polypoid mucosa may obscure underlying tumor tissue in the nose. Facial swelling results when an antral tumor erodes into the soft tissues of the cheek. The 
widening of the upper alveolar ridge or development of loose, nonvital teeth may be the earliest sign of inferior bony invasion. A palatal mass and ulceration are evidence of more advanced disease.

2.  Proptosis. Mild protrusion of the eye may be consistent with tumor compression of the periorbita without frank invasion, but usually it reflects intraorbital tumor and implies advanced disease.
3.  Cranial nerve deficits. The commonly involved cranial nerves are the CN II, CN III, CN IV, two branches of CN V (CN V1 and CN V2), and CN VI. Involvement of cranial nerves is a manifestation of advanced disease and indicates a 

poor prognosis.[35] [73] 
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DIAGNOSTIC ASSESSMENT

The choice of diagnostic studies should be guided by the results of a thorough head and neck examination, including a careful assessment of cranial nerve function. Assuming a working diagnosis of neoplasm on the basis of history and 
physical examination, the subsequent studies are directed toward establishing the extent of the lesion and its histologic findings.

Imaging Studies

Computed Tomography Scan

When obvious evidence of neoplasm exists, the evaluation should move directly to computed tomography (CT) scanning. Baseline sinus radiographs are an unnecessary expense in this setting, whereas the CT scan is helpful in achieving a 
three-dimensional image of the lesion. Jing, Goepfert, and Close[30] have stated that CT is equal to tomography for assessment of bony involvement but superior for assessment of the soft tissue extension. Standard coronal tomography, 
however, has a place. CT "has been found to have limitations in the delineation of soft tissue disease in areas of high contrast in tissue density (such as dental fillings) and in the evaluation of possible intracranial tumor extension in isodense, 
avascular lesions."[30] CT scanning may also be misleading in evaluation of the orbital floor, where an axial CT scan may give the impression of a mass because of "partial voluming" of the thin bone.[45] CT scanning is particularly helpful for 
evaluation of tumor involvement of the retroorbital and orbital apex region. There should be a "central low density region of fat surrounding the optic nerve with a radial arrangement of the extraocular muscles."[45] Loss of this plane implies 
advanced disease, because the veins in this area have direct contact with the cavernous sinus. CT scanning is also valuable in assessing infiltration of the nasopharynx, where normal anatomy consists of a very thin layer of mucosa over the 
medial pterygoid plate. Thickening in this region implies tumor infiltration.[45] When evaluation of intracranial extension is necessary, contrast-enhanced CT scanning may improve the definition of tumor from adjacent brain.[62] 

Angiography

Angiography may be appropriate, especially if the lesion demonstrates enhancement during initial CT study or if it approximates the carotid system. It will also be necessary in the evaluation of unusual tumors involving the sphenoid sinus 
and skull base. In the instance of vascular tumors involving the sinuses, angiography is essential for assessment of tumor extent and delineation of feeding vessels and as an approach for embolization when it is deemed necessary and safe. [52] 
Digital-enhancement angiography would seem to be preferable to conventional angiography, because it is more rapidly performed with less need for selective catheterization and requires smaller amounts of contrast. [62] 

Ultrasound

Ultrasound B-mode scanning is helpful in assessing orbital masses but is not as precise as CT scanning in defining the borders and extent of lesions.

Positron Emission Tomography (PET)

Given the late presentation of most of these tumors, the need for tumor localization with fluorodeoxyglucose PET is limited. PET scanning is of little use in assessing tumor extent; however, it may play some role in assessing the presence of 
metastatic disease before undertaking extensive oncologic surgery and in follow-up after concomitant chemoradiation. In this scenario, a pretreatment PET provides the optimal baseline for posttreatment decision making.

Magnetic Resonance Imaging (MRI)

The impact of MRI on the preoperative assessment of tumor extent has been dramatic. The combination of CT scan to evaluate changes in the bony architecture of the cranial and facial structures with MRI to define soft tissue extent of 
disease has introduced a new era in planning surgery for sinus neoplasms. The particular benefit of MRI is its ability to differentiate tissue density and predict with near-perfect accuracy the difference between tumor bulk and retained 
secretions in the sinuses. By use of T1 and T2 weighting with gadolinium dye enhancement, the experienced neuroradiologist is able to predict with considerable accuracy the true extent of the tumor. It has been our experience that surgical 
planning on the basis of these two modalities has been very satisfactory.

Biopsy



Often, the lesion will present a surface that lends itself to biopsy at the time of initial clinical presentation. In this instance, a biopsy specimen obtained with local anesthesia and biting punch forceps will move the diagnostic evaluation along 
rapidly. Infiltration of a local anesthetic containing epinephrine may decrease bleeding. Tumors contained within the sinus cavities should be biopsied transnasally, because transcutaneous or transmucosal approaches may breach the margins 
of a later en bloc resection. One must be mindful of the possibility of a vascular tumor or an encephalocele when biopsying unilateral nasal masses. Usually, palpation of the tumor with an instrument will demonstrate its solid nature. If the 
mass is soft or cystic, the patient should be asked
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to perform a Valsalva maneuver while the mass is being observed. Expansion of the mass implies an intracranial connection or a major venous connection. If doubt still exists, it is best to precede the biopsy with aspiration with a fine-gauge 
spinal needle. If the needle aspirate returns cerebrospinal fluid (CSF) or active bleeding, CT scanning and angiography should be considered before a biopsy is performed.

Aspiration cytology provides another avenue for diagnosis. Martin [46] recommended it for deep tumors of the antrum. It is particularly useful for tumors that cause proptosis and present along the medial aspect of the orbit. Because the 
diagnosis in this setting includes benign lesions such as an orbital pseudotumor, histologic evaluation before surgical invasion is most appropriate. When concern for damage of the orbital contents exists, the aspiration needle can be 
positioned with CT guidance.

If none of the preceding methods achieves satisfactory material for histologic examination, the tumor must be approached directly. A surgical procedure appropriate to the lesion must be selected (such as frontal trephination, transseptal 
sphenoidotomy, intranasal antrostomy, or external ethmoidectomy). Biopsy obtained through standard endoscopic sinus surgical approaches is also appropriate when feasible. The operation should be designed to avoid or minimize disruption 
of later en bloc resection. Possibly, biopsy will be the only surgical procedure carried out during the patient's treatment. In that case, wide drainage of the sinus should be carried out to allow for the discharge of necrotic debris that results 
from subsequent radiotherapy.

SURGICAL OPTIONS

Extirpation of paranasal sinus tumors is a challenging exercise in surgical planning, which may be considered in three phases. First, one must assess the bony and soft tissue structures to be included for en bloc resection. Second, the approach 
must be designed to provide adequate exposure while preserving functional tissue and cosmetic integrity whenever possible. Third, the repair should be planned to use prosthetics or soft tissue techniques to best advantage. See Figure 51-2 
for anatomic reference.

External Ethmoidectomy

Indications

The most limited operation to be discussed, external ethmoidectomy ( Figure 51-3 ), is appropriate for removal of benign tumors of the ethmoidal region and as an approach to biopsy and drainage for tumors of the sphenoethmoidal region 
and the medial orbit.

 
Figure 51-2 Anatomic reference. 

 

Figure 51-3 External ethmoidectomy. 

 

Figure 51-4 Inferior medial maxillectomy. 



 

Figure 51-5 Medial maxillectomy. 

 

Figure 51-6 Radial maxillectomy. 

 

Figure 51-7 Craniofacial frontoethmoidectomy. 

 

Figure 51-8 Craniofacial resection. 

 
 

Box 51-1. STAGING CRITERIA: PRIMARY TUMOR (T)

 
Maxillary Sinus

T1 Tumor limited to maxillary sinus mucosa with no erosion or destruction of bone

T2 Tumor causing bone erosion or destruction including extension into the hard palate and/or middle nasal 
meatus, except extension to posterior wall of maxillary sinus and pterygoid plates



T3 Tumor invades any of the following: bone of the posterior wall of maxillary sinus, subcutaneous tissues, 
floor or medial wall of orbit, pterygoid fossa, ethmoid sinuses.

T4a Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa, cribriform 
plate, sphenoid or frontal sinuses

T4b Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves other 
than maxillary division of trigeminal nerve (V2 ), nasopharynx, or clivus

Nasal Cavity and Ethmoid Sinus

T1 Tumor restricted to any one subsite, with or without bony invasion

T2 Tumor invading two subsites in a single region or extending to involve an adjacent region within the 
nasoethmoidal complex, with or without bony invasion

T3 Tumor extends to invade the medial wall or floor of the orbit, maxillary sinus, palate, or cribriform plate

T4a Tumor invades any of the following: anterior orbital contents, skin of nose or cheek, minimal extension to 
anterior cranial fossa, pterygoid plates, sphenoid or frontal sinuses

T4b Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves other 
than (V2 ), nasopharynx, or clivus

 
 
 
The advent of combined CT and MRI scanning for neoplasms of the paranasal sinuses will allow far more accurate anatomic assessment of individual cases. This improved definition of the tumor boundaries should also allow more precise 
staging. It is the authors' contention that MRI and CT scanning should be required for staging of these neoplasms.

Management

Definitive treatment has included surgery, irradiation, and electrocoagulation in varying combinations. It does not seem that substantial improvements have been achieved in the past 50 years if Ohngren's[51] 3-year statistics are used as a 
standard of comparison (group I, 82%; group II, 63%; and group III, 25%). More recently, adjunctive chemotherapy has been introduced, but its impact on outcome is still uncertain.

Maxillary Sinus

Early (T1 and T2 ) lesions may be treated by surgical resection (maxillectomy) or irradiation. Although Wang[72] has not recommended definitive irradiation, he has reported curing four of four patients with T2 maxillary sinus tumors with that 
modality alone. Bryce[8] has also stated that irradiation alone (5500 rad) is an effective way to manage early tumors, but that 25% to 30% of patients will die of local recurrence.

Most patients have advanced (T3 or T4 ) disease when first seen, which most authors agree requires combined therapy for optimal control. [8] [60] [64] [72] Considerable variation exists within each reporting institution regarding the application of 
surgery and irradiation. All series are retrospective and present a mixture of patient populations, usually receiving the following types of management: surgery for cure, surgery with preoperative or postoperative irradiation, and irradiation 
with surgical salvage. This hodgepodge of retrospective data leaves one in a muddle, although some trends are becoming apparent.

Surgery Alone

Surgery alone is generally accepted as adequate management for tumors isolated to the antral mucosa.[28] As stated previously, most authors agree that T3 and T4 lesions require combined therapy. Terz, Young, and Lawrence[69] have taken a 
more aggressive surgical posture and reported dramatic improvement in survival for patients with T3 and T4 lesions when craniofacial resection was performed. According to these authors, craniofacial resection achieved an astonishing 3-year 
disease-free survival of 72% (15 of 22 patients) among patients who had T3 or T4 tumors. The numbers are even more surprising when one realizes that irradiation was not used. However, reporting separately on patients from the same 
institution and the same time period as that of Terz, Young, and Lawrence,[69] Amendola and others[2] compared the outcome of 19 patients who underwent "radical craniofacial surgery" with that of 20 patients treated with megavoltage 
irradiation and a Caldwell-Luc procedure. The reported 3-year survival in the group undergoing radical craniofacial surgery was 37%, whereas the irradiated group had a 3-year survival of 50%. Were the surgical patients reported on by Terz, 
Young, and Lawrence[69] identical to those reported on by Amendola and others? If so, how do we resolve the dichotomy of reporting, and in what light should we hold any retrospective report concerning an uncommon disorder that is 
typically managed on an individual basis?

Surgical management should include consideration of immediate rehabilitation. This is usually best achieved with prosthetics that allow immediate restoration of function and yet are removable to allow inspection of the maxillary cavity. 
Preformed palatal plates may be used to support transoral packing in the postoperative period and may later be modified to occlude the oronasal defect. If one is blessed with a talented prosthetics department, the aftermath of a craniofacial-
orbital resection can be reasonably well camouflaged.

Traditionally, reconstruction of maxillary sinus defects has been with skin graft and prosthetics. With the advent of free tissue transfer, far more acceptable cosmetic reconstruction, including rehabilitation of the bony hard palate for dental 
rehabilitation, is now achievable. The fibula osteocutaneous flap has been shown to be a reliable method of midface reconstruction for lower maxillary defects. It allows for closure of the palate and the placement of osseointegrated dental 
implants or implant-borne prosthetics.[22] However, this approach is of limited use when orbitozygomatic support is the objective. In these instances, the scapula osteocutaneous flap is preferable. This flap has the advantage of improved 
rotation of the soft tissue component around the bone, which allows for reconstruction of the orbital floor, palate, and zygoma.[21] Iliac crest osteomyocutaneous flaps can be used when additional soft tissue bulk and bone are required. Clearly, 
one of the major potential risks is "covering recurrent disease." However, disease recurrence at this site, whether observed or not observed, is essentially untreatable, so this may be a moot point.
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Combined Irradiation and Surgery

With T3 tumors, little difference exists between preoperative and postoperative irradiation. Postoperative irradiation will often control microscopically positive resection margins.[64] With the more advanced lesions, especially those where 
resectability is questionable, preoperative irradiation seems to be the procedure of choice.

A planned preoperative dose of 5500 rad is used in Toronto, followed by radical resection.[8] If no tumor is found, a 5-year survival of 77% occurs; if tumor is found, the survival drops to 23%; overall survival is 50%. Shidnia and others[64] 
have also noted the favorable effects of a tumor-free specimen. Their group of patients receiving irradiation followed by surgery had an absolute 30-month survival of 28% (9 of 30 patients), whereas their group of patients receiving surgery 
followed by irradiation had a survival of 45% (11 of 24 patients). Shidnia and others[64] have suggested that the latter group was selected for more favorable lesions, because the study was not designed in a prospective manner. For operable 
lesions (meaning those not extending to the nasopharynx, skull base, or pterygoid fossa), Wang[72] favors radical surgery to remove tumor bulk and establish drainage followed by 5000 to 5500 cGy in 6 weeks.

The most emotionally charged decision regarding the management of advanced maxillary sinus tumors is the need for orbital exenteration. The experience of Ketcham and others,[35] which indicates a doubling of survival with removal of the 
orbital contents for the management of ethmoid neoplasms (57% vs 26%), provides strong encouragement to perform orbital exenteration for advanced operable disease. However, analysis of the benefits of orbital exenteration in two other 
studies leaves this issue open to question.[54] [74] 

Radiotherapy

Wang[72] takes special care to shield the eye and the frontal lobe. He has reported a 24% no evidence of disease (NED) for his 34 patients treated with irradiation alone. In contrast, Ellingwood and Million[15] have intentionally included the orbit 
to include the probable routes of tumor extension within the irradiation field. Their cure rate of 71% suggests a successful regimen. However, all patients treated with this regimen lost vision in the treated eye. Amendola and others[2] have also 
documented a 3-year absolute survival of 55% by use of an average of 6600 cGy for lesions that were primarily T4 . Then fields were angled posteriorly to avoid the contralateral eye. No complications of irradiation are mentioned in this 
article, and the authors stress the improved quality of life when irradiation for cure is contrasted with craniofacial resection.

Difficulties in the use of standard radiation therapy for paranasal sinus tumor arise from the fact that in air-filled spaces such as the sinuses, the range of particles and thus the dosimetry is subject to considerable unceratainty. [44] Treatment 
with conventional photon beam technique by use of anterior and one- or two-wedged lateral fields may cause significant morbidity to the eye and optic nerves, or may result in significant underdosing of portions of the posterior ethmoid and 
maxillary sinuses. Recently, improvements that use conformal radiotherapy and intensity modulated radiation therapy have allowed for more precise treatment of paranasal sinus tumors with sparing of binocular vision by improving the 
tumor-dose homogeneity while reducing the dose to the optic nerves and lenses.[1] These techniques allow for the treatment of large and complex-shaped tumor volumes in critical proximity to organs at risk, such as the eye and optic nerves. 
Although these techniques do not provide a therapeutic advantage (improved survival) over standard radiotherapy, they allow for optimum radiation dosage that is less compromised by concerns for normal structures.

Chemoradiation Therapy

Perhaps the most significant variation from traditional management has been reported by Sakai and others.[62] They have accumulated more than 780 patients since 1957 at Kobe and Osaka Universities in Japan. Their cumulative experience 
demonstrates impressive support for their current regimen, which consists of 5000 cGy, continuous intraarterial 5-fluorouracil (5-FU) infusion, tumor reduction (by means of the Caldwell-Luc procedure), and immunotherapy. In the reported 
time period, they have seen an increase in 5-year survival from 20% (282 patients treated with 7000 cGy and maxillectomy, 1957 to 1966) to 54% (134 patients treated with the current regimen, 1976 to 1979). They have simultaneously seen 
a substantial decrease in the functional disability encountered by their patients. An analogous regimen has been reported from Rotterdam, Holland, with similarly encouraging results in a series of 60 patients (2-year survival, 76%; 5-year 
survival, 65%). [38] Several smaller studies have also demonstrated clinical benefit to the use of combined chemotherapy and radiation therapy. With doses of 6920 cGy and adjuvant chemotherapy in responders, Fitzek and others demonstrated 
a local control rate of 88% in 19 patients with advanced neuroendocrine carcinoma of the sinonasal tract.[17] Use of split-course concomitant infusion cisplatin chemotherapy with hyperfractionated radiotherapy in 21 patients with locally 
advanced nasopharyngeal and paranasal sinus tumors resulted in a local control rate of 94%, without increase in normal tissue injury.[9] In 33 patients
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with maxillary sinus carcinoma, 5-year survival rates of 86% for T3 lesions and 67% for T4 lesions were achieved by Nibu and others with 3000 to 4000 cGy of preoperative radiotherapy with concomitant intraarterial infusion of 5-FU and 
cisplatin, followed by 3000 to 4000 cGy of postoperative radiotherapy.[50] Dramatic response with combined chemotherapy and radiation seems to be possible even in the presence of bulky or unresectable disease, with acceptable complication 
rates and less morbidity than craniofacial resection and conventional radiotherapy. Further study is necessary to refine this evolving therapeutic technique, because small single institutional studies have limited ability to draw definitive 
conclusions regarding these approaches.

Inoperable Neoplasms

Irradiation may be used to determine operability in tumors that initially appear inoperable. In this situation, Wang[73] delivered 6000 cGy in 6 weeks with surgery to follow. He encouraged aggressive surgery if the response to irradiation 
seemed to make the lesion operable. If margins were subsequently positive, a further boost of local irradiation was considered. Interestingly, Wang had better results with this more advanced group (survival of 58% or 11 of 19 patients) than 
he did with smaller lesions, in which he favored surgery to be followed by irradiation (survival of 36%, or 5 of 14 patients). The rationale for treating patients with "curative" doses of irradiation when their lesions are initially inoperable is 
borne out by the number of long-term survivors seen in this group of patients. [64] [72] This result is probably a manifestation of the heterogeneous nature of the inoperable patients; some are inoperable by virtue of tumor extent, whereas others 
are medically unsuitable or have refused surgery outright.

Lee and others[43] have documented the potential value of intraarterial infusion chemotherapy (5-FU) and simultaneous irradiation for initially inoperable tumors. They achieved an absolute 2-year survival of 50% in this group with a very poor 
prognosis. Survival dropped to 28% at 5 years. Unfortunately, optic nerve damage was fairly prevalent and caused bilateral blindness on two occasions. Subsequent to this study, Goepfert and others proceeded to develop a technique for 
"combined super-selective interarterial and systemic chemotherapy." They have reported a 43% complete response rate and a combined complete and partial response rate of 91%. A number of these patients went on to receive radiotherapy, 
and "extensive cranial facial surgery was avoided in seven of nine patients with CR and one patient with PR (near CR); these eight patients underwent radiotherapy directly after completion of induction chemotherapy."[43] The use of selective 
chemotherapy and irradiation for advanced tumors of this area has tremendous appeal when contrasted to the horrendous defects created by surgical ablation of lesions in the axial region of the skull. It is hoped that follow-up information on 
these patients will reveal a sustained result, leading to a change in our management.



Ethmoid/Sphenoid and Frontal Sinuses

Ethmoid/sphenoid and frontal sinus tumors are especially likely to present with evidence of advanced disease. Tumor extension to the structures of the skull base can be expected at initial presentation in 50% of patients.[15] [36] 

Assessment and management of ethmoidal carcinoma should be performed with a specific staging system in mind. The Kadish system[32] is familiar but has some limitations. The four-stage system introduced by Dulgerov and Calcaterra has 
recently been modified and updated by the AJCC and is shown in Box 51-1 . This system is more useful, because it distinguishes tumors originating in the nasal cavity from those originating in the sinuses.[14] Management for 
esthesioneuroblastoma and adenocarcinoma is generally similar and based on craniofacial resection and postoperative radiation when surgically feasible. The addition of chemotherapy to the management of advanced esthesioneuroblastoma 
(T3 and T4 ) is now well established, particularly in light of the experience of Spaulding and others at the University of Virginia.[17] [67] The argument for craniofacial resection in patients with malignancy extending to or primarily arising from 
the ethmoid sinus has been presented by Ketcham and others.[34] En bloc tumor resection, improved assessment of disease extent, and better cosmesis provide the rationale for applying this technique. The researchers obtained a 5-year survival 
of 41% in a particularly difficult group of patients, many of whom were referred with advanced disease after failure of previous treatment. Ketcham and others noted a decrease in survival with preservation of the orbital contents (26%) 
compared with orbital resection (57%). Further documentation of the techniques and applicability of cranial facial resection and its significant impact on improved local control and survival is provided by Shah,[63] Biller, Krespi, and Som,[5] 
and Panje and others. [53] 

Ellingwood and Million[15] have stressed the importance of properly designed fields to include the whole orbit (when necessary) and skull base. By use of primary irradiation, they achieved a 5-year actuarial survival of 59% and a 5-year NED 
of 50%. The incidence of major complications in this series was substantial and included blindness in every eye treated with irradiation of the whole orbit.
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In Wang's[72] series, 4 of 12 patients (33%) managed with irradiation alone survived 3 years, whereas 8 of 17 patients (47%) managed with surgery and postoperative irradiation survived 3 years NED.

Primary carcinoma of the frontal sinus is a very uncommon entity. According to a review article by Brownson and Ogura,[7] the survival is 1 of 33 patients. One would anticipate improvement of these statistics as craniofacial resection and 
appropriately designed irradiation fields are used.

Cervical Lymph Nodes

Involvement of cervical nodes will occur in about 25% to 35% of cases.[3] Most authors agree that palpable cervical lymph nodes indicate a very poor prognosis.75 In contrast, the experience of Shidnia and others[65] suggests that if neck disease 
is discovered at an early stage, it can be successfully managed with neck dissection. These authors advise inclusion of the ipsilateral neck and preauricular area in the initial field of irradiation for T3 and T4 tumors.

Adenocarcinomas

Adenocarcinomas have an epidemiologic association with woodworking, furniture making, and leather-work.[37] They are more commonly found in the upper nasal cavity and ethmoid sinus and are usually lethal by virtue of local progression. 
In light of its propensity for aggressive local progression, adenocarcinoma should be treated in a surgically aggressive fashion with en bloc resection when possible. It is hoped that statistics for this particular disorder will improve as 
application of craniofacial techniques becomes more frequent.

In contrast to adenoid cystic carcinomas, adenocarcinomas have a relatively low incidence of distant metastasis, but the long-range survival is equally poor.[3] There is a range of histologic differentiation, with patients with the poorly 
differentiated form having a 5-year survival of no better than 20%,[27] whereas patients with well-differentiated papillary tumors have a better survival.[3] 

Adenoid Cystic Carcinomas

Adenoid cystic carcinomas occur with about the same frequency as adenocarcinomas but most commonly involve the antrum. They have a variable histologic pattern, and substantial biopsy tissue may be necessary before an accurate 
diagnosis can be established. Also part of the histologic picture is their propensity for invasion along nerve sheath structures. These tumors are more likely to express distant metastases than regional metastasis, although the most likely cause 
of death is relentless local neoplasm at the skull base.[3] Initially, high cure rates (5-year survival of 75%) shrink as time goes on, with the AFIP Registry reporting a 15-year survival of 25%.[27] 

Management relies on surgical resection with irradiation added if the margins are in question.[72] Bryce[8] has recommended the use of only one major modality (surgery or irradiation) at a time, because the 5-year survival is good, and late 
recurrence is virtually a certainty. This posture is based on a desire to hold a potentially effective treatment modality in reserve. One wonders whether this is treating the physician or the patient, because we do not know whether combined 
treatment decreases the recurrence rate or increases the disease-free interval. A contrasting opinion has been offered by Horree,[24] who has recommended "three-modality therapy," including regional infusion with 5-FU, maxillary resection, 
and then irradiation. Neoplasms representing the entire spectrum of salivary gland malignancy have been reported to occur in the paranasal sinuses but are not discussed here.

Analysis of experience gained in the few centers that provide neutron irradiation has demonstrated a significant benefit of that form of radiation in the management of salivary gland neoplasms. When confronted with an adenoid cystic 
carcinoma, and particularly one that is otherwise untreatable, the use of neutron beam irradiation should be seriously considered.[13] [39] 

Complications

The incidence of complications increases significantly when surgery breaches the intracranial space and also when high doses of irradiation are delivered to the orbit or intracranial contents.

Major complications of surgery are decreased by the use of perioperative antibiotics and by careful attention to dural closure, including the use of pericranial flaps. The most significant complications include meningitis, brain abscess, CSF 
leak, and postoperative wound hemorrhage.

Cataracts are the most common complication of sinus irradiation. [8] Other radiation-induced lesions include osteoradionecrosis, keratitis, optic neuritis, and hypopituitarism. Injury to the optic nerve is made more likely with increased fraction 
size (250 cGy/fraction) and total dose.[72] Conformal radiotherapy and intensity-modulated radiation therapy techniques have reduced the incidence of these complications when treatment portals are in close proximity to the orbit and optic 
nerve. After high-dose irradiation that uses fields that include the whole orbit, one can expect loss of vision in 100% of cases.[15] 



Therapeutic Decision Making

Taking into consideration the data reviewed previously, some conclusions regarding therapy for advanced disease seem justifiable:
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1.  Most tumors are at an advanced stage when first recognized and require aggressive multimodality treatment.
2.  Survival and local disease control are better when the orbit is included in the therapeutic plan (i.e., exenteration or irradiation).
3.  A significant chance of metastasis to the primary (pharyngeal) and secondary (cervical) nodes exists. They should be included in the primary treatment plan.
4.  Higher success rates have been reported with primary irradiation, and the associated functional and cosmetic impairment seems to compare favorably with that of surgery.
5.  The best regimen may prove to be a combination of chemotherapy, irradiation, and limited surgical débridement. This, of course, requires the availability of sophisticated equipment and a cooperative effort by a multidisciplinary team.
6.  The concept of intraarterial chemotherapy for advanced skull base tumors was advocated by Lee and others[42] and should see continued consideration on the basis of the experience of Robbins and others,[58] who have pioneered the use of 

intraarterial cisplatinum with thiosulfate rescue and concomitant radiotherapy.

Sarcomas

Osteogenic sarcomas and chondrosarcomas of the facial skeleton are encountered more commonly in the mandible than in the maxilla. They are usually lethal by virtue of relentless local progression. In that light, the most successful therapy 
is based on wide en bloc resection, with 5-year survival being in the 10% to 20% range. Irradiation seems to be an effective adjuvant for both tumors. De Fries and Kornbult[12] have reported a survival of 30% with induction chemotherapy, 
preoperative irradiation, and wide-field ablative surgery. The multiinstitutional analysis of outcome from neutron beam irradiation has identified facial sarcoma as an area in which significant improvement was identified. Neutron beam 
irradiation, when available, should be considered, especially in the management of surgically unapproachable or unresectable lesions.[40] 

Hyams[27] has characterized a well-differentiated and a poorly differentiated form of fibrosarcoma. One must consider the diagnosis of aggressive fibromatosis when evaluating a fibrous tumor in young adults.76 All tumors in this group require 
en bloc excision for cure. [19] 

Hematopoietic and Lymphoid Tumors

The paranasal sinuses are an uncommon primary site for lymphomatous tumors, but any of the multiple subtypes may occur. Because subtyping will determine both the therapy and the prognosis, the most important role of the 
otolaryngologist is to provide adequate tissue in good condition for histologic processing. If a lymphoma is suspected, the pathology department should be notified before the biopsy is done, so that fresh specimens may be properly managed 
for subtyping.

Treatment is usually chemotherapy, although irradiation alone is adequate for stage I and stage II Hodgkin's disease.[72] 

Malignant Melanomas

Melanomas of the paranasal sinuses are usually advanced at the time of discovery. In addition to symptoms typical of sinus tumors, the patient may note a black nasal discharge and have a pigmented mass within the nose. Frequently regional 
or distant metastases exist at the time of initial examination. In the Armed Forces Institute of Pathology series,[27] the 5-year survival was 11%, and the 20-year survival was 0.5%, with a mean survival of 2.3 years. Although radical surgical 
removal is the standard of care, it is obviously not very effective. Irradiation has been considered inadequate, but adjustments in fractionation may provide better results, as suggested by Berthelsen and others, [4] who found local control in 
three of six patients with nasal melanomas treated with primary irradiation.

PARANASAL SINUS NEOPLASMS IN CHILDREN

Sinus tumors in children are usually benign. The common nasal sinus tumors of children are polyps arising on an allergic basis or in association with cystic fibrosis. The most common true neoplasms are fibroosseous lesions and tumors of 
dental origin. Mucoceles and hemangiomas are less frequently encountered. The malignant tumors are predominantly embryonal rhabdomyosarcomas, although epithelial malignancies may occur.

Tumors should be assessed radiographically as discussed earlier, and the diagnosis should be established by a transnasal biopsy with a generous tissue sample submitted for pathologic study, because special stains and electron microscopy 
may be necessary.

Tumors are usually managed surgically because: (1) most lesions are radioinsensitive; (2) irradiation in excess of 3000 rad will have a substantial effect on growth of the facial skeleton; and (3) there is a significant risk of radiation-induced 
malignant transformation. Surgery should be designed to respect the developing tooth buds and facial growth centers in the palate, nose, and zygomatic process of the maxilla. The tendency is toward conservative local resection, especially 
with tumors of dental origin, but some
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lesions will require en bloc resection for a curative effort.

Monostotic fibrous dysplasia is a lesion considered to be a developmental defect of bone.[3] [27] As such, it is most common in the pediatric age group (age 15 or younger) and is more common in the maxilla than in the mandible. According to 
Schramm,[61] in contrast to most bony and odontogenic tumors, fibrous dysplasia sometimes requires wide local removal, including partial maxillectomy, to achieve clear margins. Resection causing a major functional or cosmetic deformity 
(orbital exenteration, mandibulectomy) is not often warranted.[58] Ossifying fibromas and cementomas, in contrast, are well delineated and may be managed by local excision with a minimal margin.

Rhabdomyosarcomas are the most common malignant neoplasm of the upper respiratory tract in the pediatric age group in the Armed Forces Institute of Pathology records.[27] The tumor is aggressive, demonstrating rapid progression and 



dissemination. According to Hyams,[27] the histologic subcategories of juvenile rhabdomyosarcoma (alveolar, botryoid, and embryonal) have no relevance to the neoplasm's clinical behavior or the prognosis, whereas the Intergroup 
Rhabdomyosarcoma Study (IRS) had suggested an unfavorable prognosis for cytologic anaplasia or monomorphous round cell patterns.[47] The best survival is obtained with clear surgical margins supplemented by irradiation and 
chemotherapy.[16] The IRS has evaluated results from 157 nonorbital and 54 orbital rhabdomyosarcoma cases. They have found patients with parameningeal involvement (as indicated by CT evidence of skull base erosion or spinal fluid tests 
demonstrating pleocytosis, as well as elevated protein and decreased glucose levels) to have a poor prognosis. This group of patients has benefited from a treatment regimen combining intrathecal chemotherapy and craniospinal irradiation.

Patients with a circumscribed local tumor and no evidence of distant metastases have an excellent prognosis when treated with multidrug chemotherapy and adjuvant irradiation. In most instances, radical ablative surgery is not considered 
necessary to achieve a successful outcome.[8] 
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Chapter 52 - MEDICAL MANAGEMENT OF NASOSINUS INFECTIOUS AND INFLAMMATORY DISEASE

Scott C. Manning 

INTRODUCTION

The incidence of rhinosinusitis as defined by health surveys in the United States has been estimated at 14% of the adult population.[1] A recent review of the Canadian National Health Survey from 1996 and 1997 found a 5% overall incidence 
in that country.[9] A history of rhinosinusitis was more common in females vs males and in adults vs children. Lower socioeconomic status, cigarette smoking, allergic rhinitis, and asthma were all associated with a higher incidence of sinusitis 
history. Sinusitis ranks in the top 10 for diagnoses associated with loss of productivity for U.S. businesses (just under spinal and back conditions).[20] Approximately 200,000 U.S. adults undergo sinus surgery per year, most commonly for the 
indication of chronic sinusitis failing medical therapy.[54] 

Any discussion of treatment must touch upon the difficulties associated with defining rhinosinusitis. A rhinosinusitis task force in 1997 outlined "major" criteria for diagnosing sinusitis including facial pain, nasal obstruction, hyposmia, 
purulence on examination, and fever, as well as "minor" criteria including headache, fatigue, dental pain, and cough.[34] Unfortunately, subsequent studies have found the criteria to be somewhat sensitive but very nonspecific, using computed 
tomography as the gold standard.[30] [52] In particular, headache and facial pain have little or no correlation to CT findings.[50] The problem with diagnosis specificity lies with the overlap between sinusitis symptoms and those of predisposing 
conditions of allergy and viral illness as well as with the great variability in patient perceptions.

A patient with infrequent episodes of acute sinusitis complicating viral upper respiratory infection is usually easily managed with short courses of antibiotics administered by the primary care physician. Unfortunately, the referral problem of 
chronic or recurrent rhinitis or sinusitis implies a multifactorial etiology and is not solved by simply making an empiric antibiotic selection. Predisposing factors in chronic disease can include allergic rhinitis, viral illness (children in 
daycare), gastroesophageal reflux, anatomic obstruction, immunodeficiency, cystic fibrosis, ciliary dyskinesia, and environmental irritants such as cigarette smoke. Antibiotic therapy must be used in conjunction with appropriate measures 
directed at these factors to achieve resolution of symptoms. The key to breaking a cycle of recurrent or chronic sinusitis is the aggressive combination of antibiotics with therapies directed at predisposing conditions for a length of time 
adequate to allow for healing of upper respiratory tract mucosa with recovery of local immune defense ( Table 52-1 ).



PREDISPOSING FACTORS FOR SINUSITIS

Viral Illness

Viruses are probably the most common predisposing factors for sinusitis, especially in children. In fact, day care has been shown to double or triple the overall incidence of upper respiratory tract disease including both otitis and sinusitis in 
children younger than the age of 3 years. A multiplicity of viruses has been implicated in the common cold including influenza, parainfluenza, adenovirus, rhinovirus, and respiratory syncytial virus. Because of the number and antigenic 
variability of potential causative agents, viral vaccine therapy is not likely to become an effective weapon in the battle against the common cold.

Prevention and Therapy

Most spread of viral illness occurs via hand-to-hand contact, and studies have demonstrated reduced viral illness among health care workers when rigorous hand washing, alcohol gel, and gloving protocols have been instituted. These 
measures are particularly important for health care workers in pediatric hospitals during
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TABLE 52-1 -- MEDICAL TREATMENT OPTIONS FOR CHRONIC RHINOSINUSITIS

Environmental Reduce exposure to dust, molds, cigarette smoke, pollution, and chemical irritants

Social Encourage hand washing and use of alcohol hand gel, reduce time in day care or class size

Prophylaxis Daily nasal saline lavage, topical cromolyn starting before allergy season, management of gastroesophageal reflux

Allergy Antihistamines, cromolyn, leukotriene receptor antagonist, topical corticosteroids, immunotherapy for documented sensitivities

Antimicrobial Amoxicillin, topical (antibiotic in saline or aerosol) and broad-spectrum for 2–3 weeks, prophylaxis, intravenous for threatened suppurative complications

Immunodeficiency Antibiotic prophylaxis in winter, intravenous γ-globulin for health-threatening systemic illness
 
seasonal epidemics of respiratory syncytial virus in infants. Parents of children with chronic sinusitis are encouraged to try to find child care settings with the fewest possible children to reduce viral exposure. Sometimes coordinating 
vacations or alternative child care with relatives to remove the patient from the day care setting for a month or so will allow enough recovery to break a cycle of recurrent sinusitis.

Vitamin C has long been proposed as both prevention and therapy for the common cold.[14] Most placebo-controlled trials have demonstrated no benefit for vitamin C as prophylaxis and at most a very minimal treatment effect, which is 
probably due to the mild antihistamine/anticholinergic activity of vitamin C. Similarly, zinc gluconate may have a mild effect in reducing cold symptoms in placebo-controlled trials, but its mechanism of action is not understood. [43] Contrary 
to prevailing logic, the inhalation of heated humidified air has not proved beneficial for either viral upper respiratory or allergic rhinitis symptoms in controlled trials.[29] 

Antiviral agents are currently being investigated for both prevention and treatment of the common cold. Interferon alpha-2 (IFN α2) can potentially block the penetration of viruses through respiratory mucosa.[27] Intranasal IFN α2, when used 
as a once-a-day nasal aerosol, has been shown to potentially prevent colds in people exposed to family members with upper respiratory infections. Usage is limited by the cost of interferon and by adverse effects such as nasal drying and 
congestion. In one placebo study of adults inoculated with rhinovirus, IFN α2 along with nasal ipratropium and oral naproxen (antimediator therapy) was shown to significantly reduce cold symptoms.[24] At least one investigator has proposed 
that combining antiviral and antiinflammatory therapies early after the onset of viral respiratory symptoms may lessen the odds of progression to sinusitis.[23] More specific antiviral therapies such as pleconaril have shown modest effect in 
reducing the time course of viral rhinitis but are only effective when the relevant viral pathogens are involved (in this case, picornavirus).[26] 

Several intercellular adhesion molecule (ICAM) receptor antagonist agents are currently under investigation for efficacy in prevention or therapy of colds. Monoclonal antibodies that block or decoy viral binding to ICAM-1 receptors on 
mucosal cell surfaces may prove to be effective treatment options when administered at the first onset of cold symptoms.

Environmental Irritants

Over half of the people in the United States are estimated to live in areas where exposure to ozone, sulfur dioxide, nitrogen dioxide, carbon monoxide, lead, and particulates exceeds the National Ambient Air Quality Standards. The 
reunification of Germany has provided an interesting laboratory to look at the possible effects of air pollution on sinusitis incidence. As levels of particle emissions and sulfur dioxide have dropped with the modernization of the former East 
German industry, the incidence of sinusitis reported on standardized questionnaires for pediatric patients has also dropped significantly.[28] 

Evidence is also mounting to support the theory that exposure to air pollution can impair respiratory mucociliary protection and can potentially augment sensitivities to common aeroallergens.[32] Exposure to outdoor and indoor pollutants is 
therefore one possible factor explaining the dramatic increase in immunoglobulin E (IgE)-mediated disease including asthma and allergic rhinitis reported from most industrialized areas over the past 20 years.

A careful history of environmental exposures should be a part of the evaluation of every patient with chronic sinusitis. Indoor sources of potentially damaging air pollution include cigarette smoke,[4] smoke from wood-burning ovens, 
formaldehyde, copier fluid,
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latex, chlorine (pools), paint, and perfumes. At times, medical therapy will be consistently ineffective until exposure to offending irritants is reduced or eliminated. People exposed to wood or other particulates can be instructed to wear 
appropriate masks. Hospital personnel (particularly intensivists) are encouraged to avoid latex (and to use appropriate hand washing and gloving) if they are sensitive. Pilots and flight attendants are encouraged to use frequent nasal saline 
lavages to counteract the effects of the dry air and increased particulates they routinely encounter. Rarely, patients with severe chemical sensitivities may be encouraged to find other employment to reduce exposure (for example, persons in 



the cosmetic industry with severe perfume sensitivity).

Allergic Rhinitis

Up to 30% of the adult population is allergic by skin testing to at least one common aeroallergen, and the percentage is probably much greater among patients presenting with a history of chronic sinusitis. In fact, a major theme of reports of 
medical treatment for chronic sinusitis over the last decade is that antiinflammatory therapy (anti-Th-2-mediated inflammation) overall improves treatment outcomes.[44] 

Allergic rhinitis can predispose persons to recurrent or chronic sinusitis via impairment of mucociliary function, effects on local and systemic immunity, and decreased sinus drainage and ventilation from mucosal congestion within the sinus 
outflow tracts. Testing for specific IgE antibodies via serologic or skin tests is relatively nonspecific in children younger than 4 years old, although an allergic diathesis should be suspected when a child shows other evidence of atopy such as 
eczema or when the parents have a strong history of allergic rhinitis. Allergic rhinitis is probably the second most common predisposing condition to chronic sinusitis in children (after viral upper respiratory infection) and perhaps the most 
common predisposing factor in adults. Therapy aimed at minimizing allergic mucosal inflammation is a vital part of breaking a cycle of recurrent sinusitis in allergic patients. Therapeutic options for allergic rhinitis include environmental 
control, antihistamines, other antimediator drugs, and immunotherapy.

Environmental Control

Sensitivity to dust mite antigen and molds are probably the most common allergies among both adult and pediatric sinusitis patients with perennial symptoms of nasal congestion. Both the dust mite and molds prefer a humid environment, 
and reducing ambient relative humidity below 50% via dehumidifiers and exhaust fans (in bathrooms) can be beneficial. Cleaning heating and cooling systems frequently may reduce mold exposure. In addition, patients with mold allergies 
are instructed to reduce exposure by not raking leaves in fall. High-efficiency particulate air filters are fairly efficient at reducing light particles such as pollen (as long as doors and windows are kept closed) but probably do not reduce 
exposure to heavier dust antigens. Acaricides such as benzyl benzoate powder or tannic acid serve to denature the dust mite antigen and can be beneficial when used to treat carpets and upholstery on a regular basis. Dust mite exposure can 
also be reduced by the use of appropriate covers around mattresses and pillows, through minimal exposure to pets and cockroaches (the dust mite lives on human and animal dander), and by removal of old carpet and upholstery.

Antihistamines

Antihistamines work by competitive inhibition of histamine receptor sites on respiratory mucosal target cells. Histamine type 1 (H-1) blockers are relevant to allergic rhinitis and are more likely to be effective for patients with more specific 
histamine symptoms such as facial itching, watery rhinorrhea, and sneezing. Antihistamines are relatively ineffective in relieving chronic nasal congestion. First-generation antihistamines such as chlorpheniramine, diphenhydramine, and 
clemastine demonstrate anticholinergic adverse effects such as drowsiness (or hyperactivity in children). They work best when used intermittently for brief periods to block specific histamine symptoms. They may be contraindicated when 
drowsiness could pose a danger such as when driving, operating machinery, or scuba diving. The anticholinergic effect of first-generation antihistamines includes drying of secretions, and this may account for their continued popularity in 
over-the-counter cold remedies.

Second-generation antihistamines have a higher affinity to histamine receptors affording increased potency and decreased development of tolerance or tachyphylaxis. In addition, they exhibit much less drying and other anticholinergic effects 
as well as less central sedation. They are safe for use in asthmatic patients.[40] Hepatic metabolism of astemizole and terfenadine (withdrawn from the U.S. market in 1998) may be partially blocked by macrolides, quinolones, and azole drugs 
resulting in prolonged QT intervals and the potential for ventricular arrhythmias. The risk of conduction abnormalities is increased in patients with hypokalemia or liver disease.

The newer second-generation antihistamines are less dependent on hepatic metabolism and are safe in combination with other drugs. The active metabolite of terfenadine, fexofenadine, has not been associated with QT interval prolongation 
or torsades de pointes. Loratadine is effective within a few hours, and its
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efficacy persists for 12 to 24 hours allowing for once-daily dosing. Cetirizine is effective within 24 hours and is also administered once daily. Cetirizine appears to block other mediator release such as that of leukotrienes and kinins in 
addition to its antihistamine effect, and it may also inhibit monocyte and lymphocyte chemotaxis. Drugs with leukotriene blockade may prove beneficial in the treatment of chronic congestion. Cetirizine demonstrated mild sedation in some 
patients in placebo-controlled trials. Both loratadine and cetirizine are approved by the U.S. Food and Drug Administration (FDA) for persons age 6 years and older, and both are available in liquid form for pediatric patients.

Levocabastine is a potent H-1 receptor antagonist with some possible leukotriene inhibition that is being developed for topical nasal use. It is currently available in the United States as a topical ophthalmic preparation. Azelastine has recently 
been approved as a topical nasal metered dose inhaler, and it also demonstrates leukotriene antagonism.[41] Azelastine is not currently approved for use in children in the United States. All of the second-generation antihistamines are relatively 
expensive compared with the first-generation drugs. Also, all second-generation antihistamines are potentially sedating at effective treatment doses and can increase the central nervous system depressive effects of tricyclic antidepressants, 
monoamine oxidase inhibitors, anti-Parkinson drugs, tranquilizers, narcotics, and alcohol.

Leukotriene Receptor Antagonists

Leukotrienes are exponentially more potent in triggering nasal allergic inflammation than histamine.[10] Randomized trials have demonstrated efficacy of leukotriene receptor antagonists for symptoms of allergic rhinitis,[46] especially when 
combined with antihistamine therapy. In late 2002, Montelukast became the first leukotriene receptor antagonist to receive approval from the FDA for the indication of allergic rhinitis. Histologic studies have demonstrated increased 
concentrations of cysteinyl leukotrienes in the nasal mucosa of adult and pediatric patients with chronic rhinosinusitis compared with nonallergic nasal polyp tissue.[53] Authors have recently reported beneficial effects of leukotriene receptor 
antagonist therapy for the indication of chronic rhinosinusitis.[45] 

Anti-IgE Antibody Therapy

In June 2003, the FDA approved omalizumab, a recombinant monoclonal antibody to IgE, for treatment of moderate to severe asthma. Studies have also demonstrated efficacy of omalizumab for treatment of allergic rhinitis.[8] No studies to 
date have examined efficacy for chronic sinusitis, but use of the drug will be limited by cost (over $10,000 per year) and parenteral administration.

Cromolyn

Nasal cromolyn preparations, recently approved for over-the-counter dispensing, work by stabilizing mast cells against degranulation and release of inflammatory mediators. They are very safe, with few or no adverse effects, but they are 



relatively short acting, which results in a need for dosing three to six times daily. Cromolyn preparations work best for patients with specific IgE hypersensitivities when used prophylactically before antigen challenge. They are as effective as 
second-generation antihistamines for blocking sneezing and watery rhinorrhea, but they are relatively ineffective for chronic nasal congestion from perennial allergic rhinitis. Nedocromil as a 1% nasal solution is currently investigational but 
appears to have a similar mechanism of action and efficacy.

Glucocorticoids

Corticosteroids stabilize mast cells against mediator release, block formation of inflammatory mediators, and inhibit chemotaxis of inflammatory cells. When used at least 7 days in advance, nasal corticosteroids have been shown to inhibit 
both immediate and late-phase reactions to antigenic stimulation in patients with allergic rhinitis.[47] An estimated 90% of patients with allergic rhinitis will experience improvement in nasal allergy symptoms including chronic nasal 
congestion with topical nasal steroid preparations accounting for a marked increase in popularity of these medications over the last decade.

The use of steroids for treatment of a condition considered to be primarily infectious seems to go against classic infectious disease philosophy, yet studies increasingly show benefit for treatment outcomes in chronic sinusitis. In a 
retrospective study of adult patients with chronic rhinosinusitis, Subramanian and others[54] showed improvement in symptom scores and CT stage in 36 of 40 adult chronic sinusitis patients treated with a combination of 1 month of broad-
spectrum antibiotics, a short course of oral steroids, and topical nasal steroids. Twenty-six of the 40 patients sustained improvement beyond 8 weeks. Treatment failure was associated with nasal polyps and a history of previous sinus surgery 
but not with a history of atopy or asthma. Also, a prospective randomized trial of intranasal fluticasone vs placebo in addition to cefuroxime for adult patients with rhinosinusitis showed significant improvements in time to symptom 
resolution with fluticasone.[13] 

Except for dexamethasone, intranasal corticosteroids are poorly absorbed through mucosa, allowing for a safe therapeutic ratio when used as directed.
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However, with fluticasone and budesonide, some hypothalamic-pituitary-adrenal suppression has been documented at recommended dosing levels in adults.[33] Also, an association between new-onset glaucoma and use of both inhaler and 
nasal glucocorticoids has been reported in older adult patients,[17] and two pediatric patients have been reported who experienced disseminated varicella while using nasal beclomethasone spray. Therefore, nasal steroids should be used with 
caution in young children and older adults, especially if they are using other steroid inhalers. Common adverse effects of topical nasal steroid use include nasal irritation, mucosal bleeding, and crusting. Septal perforation is a rare 
complication of nasal steroid use, and the risk can be increased for patients living in very dry climates. These adverse effects appear to be related more to the vehicle than the steroid and preparations using propylene glycol, such as 
flunisolide, appear to have an increased incidence of nasal burning sensation. Adverse nasal side effects can often be alleviated by switching to a preparation with an aqueous or powder delivery system. Beclomethasone, flunisolide, and 
triamcinolone acetonide have similar clinical efficacy whereas budesonide and fluticasone proprionate can be slightly more potent.

Short courses of systemic corticosteroids are sometimes used by clinicians to treat severe nasal mucosal congestion in allergic patients so that intranasal steroid preparations can subsequently be nasally inhaled. Contraindications to systemic 
steroids might include diabetes, peptic ulcer disease, glaucoma, severe hypertension, and advanced osteoporosis.

Macrolides

Several studies have implied a direct anti-Th-2 inflammatory effect of macrolides independent of their antimicrobial effects. In one in vitro tissue culture study, clarithromycin was equivalent to prednisolone in reducing the concentrations of 
the proinflammatory cytokines interleukin 5 and interleukin 8.[57] Chronic low-dose macrolide therapy has shown some clinical benefit for chronic respiratory inflammatory conditions without inducing bacterial resistance in small studies.[19] 

Immunotherapy

Immunotherapy is indicated for patients with documented IgE-mediated allergies who have failed to achieve sufficient symptom relief from antihistamine and topical nasal glucocorticoid therapy. It is generally not practical for children 
under the age of 4 years.

Nonspecific Rhinitis

Vasomotor or nonallergic rhinitis is a diagnosis of exclusion in patients with symptoms of watery rhinorrhea, congestion, and sneezing but without specific IgE sensitivities. Nasal symptoms may be triggered by emotion, cold air, or other 
irritants. Patients with vasomotor rhinitis typically do not respond to antihistamine or steroid therapy. Another class of chronic rhinitis sufferers are those patients with aspirin sensitivity, sometimes with associated nasal polyps and reactive 
airway disease. Presumably, aspirin leads to increased lipoxygenase and leukotriene mediator production via blockage of the cyclooxygenase pathway of arachidonic acid metabolism. Nonallergic rhinitis with eosinophils (NARES) often 
does respond to nasal corticosteroid therapy for relief of chronic congestion. Chronic rhinitis can also be induced by hormonal changes such as pregnancy or by medications or drugs including cocaine, birth control pills, β-blockers, ACE 
inhibitors, and reserpine.

Anticholinergic Agents

Ipratropium is an anticholinergic drug available as a 0.03% or 0.06% nasal spray approved for patients aged 12 years and older. It is a quaternary ammonium molecule with minimal absorption through nasal mucosa, and therefore it exhibits 
little or no systemic adverse effects. Potential nasal adverse effects include excessive drying, epistaxis, and headache. The principal indication for ipratropium nasal spray is for the control of watery rhinorrhea in patients with vasomotor 
rhinitis. The drug is not effective for control of chronic congestion or sneezing. It is relatively short acting, and the recommended starting dose is two sprays each nostril four times a day.

Gastroesophageal Reflux

Gastroesophageal reflux is receiving increased attention as a possible etiologic agent behind virtually every respiratory tract ailment, but particularly in the evaluation of patients with chronic cough, asthma, or laryngitis. Some clinicians are 
now proposing that reflux can reach the nasopharynx and nasal cavities in some patients, leading to chronic mucosal irritation and sinusitis.[3] The strongest anecdotal evidence for a link between gastroesophageal reflux and chronic sinusitis 
has been in young children, presumably due to the closer proximity between the esophageal inlet and larynx to the soft palate and nasopharynx.

Adult patients with chronic sinusitis and a history of heartburn or other reflux symptoms could be given an antireflux regimen consisting of antacids, over-the-counter histamine type 2 (H-2) antagonists, or proton pump inhibitors. They 



should also be advised to avoid alcohol and large meals late at night and to try elevating the head of bed. If symptoms persist, they should be referred to an appropriate medical specialist for further evaluation.
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Gastroesophageal reflux should be suspected in children with chronic congestion and rhinorrhea, particularly if they have a history of excessive spitting up in infancy, low weight percentile or failure to thrive, chronic stridor, or reactive 
airway disease. If an initial barium swallow evaluation has normal results, a pH probe should be considered, ideally with a second channel in the proximal esophagus. Children with documented gastroesophageal reflux are treated in 
conjunction with appropriate pediatric specialists with head elevation during sleep, thickened feeds, and H-2 blockers such as ranitidine. Although they are not yet FDA approved for young children, proton pump inhibitors are often used 
empirically for symptoms related to rhinosinusitis or laryngitis, with further testing for gastroesophageal reflux disease reserved for those patients without significant improvement.

Immunodeficiency

Many types of primary immunodeficiency have been described over the past 30 years and, taken together as one risk factor for chronic sinusitis, they are many times more common in the general population than cystic fibrosis or ciliary 
dysmotility. Recurrent respiratory tract infection is the hallmark of primary immunodeficiency disorders, and therefore the diagnosis should be considered in all patients with sinusitis refractory to medical or surgical therapy. Allergic, 
autoimmune, and rheumatologic diseases are much more common in patients with primary immunodeficiencies, perhaps due to T-cell regulatory defects which potentially up-regulate IgE and down-regulate other immunoglobulins. The 
clinician should therefore keep in mind that patients with allergies or asthma may have primary immunodeficiencies as an additional predisposing condition for sinusitis.

From the otolaryngologist's perspective, immunodeficiency should be considered in chronic sinusitis patients with unusually severe symptoms such as facial pain and purulent rhinorrhea who fail to respond as expected to appropriate 
therapy. The evaluation of these patients is usually carried out with the help of infectious disease or immunology specialists and often includes testing of total immunoglobulins with IgG subclasses. Response to polyvalent pneumococcal 
vaccine serves to measure T-cell-independent humoral response to carbohydrate antigens whereas tetanus toxoid and diphtheria vaccine response provides some measure of T-cell-dependent humoral response to protein-dependent antigens. 
An anergy panel skin test provides some functional measure of cellular immunity.

Patients with common variable immunodeficiency, defined as low total IgG, or other severe immunodeficiency usually have a history of severe infections, such as pneumonia, in addition to sinusitis. However, patients with decreased 
functional response to poly-saccharide-encapsulated bacteria, called vaccine hyporesponse, may present only with a history of refractory severe sinusitis. Patients with vaccine hyporesponse may have associated IgG subclass or IgA 
deficiency in addition. Also, clinicians who treat children must remember that pediatric patients have a physiologic immunodeficiency in that quantitative and functional measures of immunity do not reach adult levels until the age of 12 
years. IgG 2 and IgG 4 subclasses, which play a large role in defense against the pyogenic cocci such as Haemophilus influenzae and Moraxella catarrhalis, develop particularly slowly. Most children achieve near-adult levels of humoral 
antibodies by the age of 7 years, and this fact probably accounts for the observation that most cases of chronic rhinitis and sinusitis in pediatric patients resolve spontaneously by that age.

When primary immunodeficiency is discovered in a patient with chronic sinusitis, the principal therapeutic strategy is to aggressively use conventional medical treatments, including prophylactic antibiotics and appropriate allergy 
management. For young children, the goal is to buy time with conservative therapy (trying to avoid surgery) in the expectation that upper respiratory infections will diminish over time with natural maturation of systemic immunity. Monthly 
intravenous γ-globulin therapy is reserved for patients with health-threatening infection due to documented humoral antibody deficiencies. It is expensive and carries a small risk of allergic reaction including anaphylaxis and of transmission 
of viruses such as hepatitis C. Therefore, it should be administered by experts in infectious disease and immunology. In case reports, intravenous γ-globulin has been used successfully in the treatment of chronic sinusitis in patients with 
documented immunodeficiency with unremitting facial pain, mucosal ulcerations, and purulent rhinorrhea with resistant gram-negative bacteria who had failed to improve after multiple previous surgeries. [36] 

BACTERIAL SINUSITIS

Healthy sinuses are a result of adequate ventilation through patent ostia, adequate mucociliary clearance function, and adequate local and systemic immune defense. When conditions allow, opportunistic bacterial flora of the nasal cavities 
can proliferate and invade sinus mucosa, leading to a cycle of infection with secondary mucosal edema and dysfunction that could potentially cause more infection.

Acute sinusitis is usually defined as the occurrence of persistent and worsening upper respiratory symptoms for greater than the expected 7-day course of a viral illness but for less than 3 weeks. In placebo
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studies, the rate of spontaneous resolution for uncomplicated acute sinusitis is at least 40%. As with acute otitis media, the most common cultured pathogens in cases of radiographically documented acute sinusitis are Streptococcus 
pneumoniae in about 30% of patients and non-typeable H. influenzae in about 20%. M. catarrhalis is occasionally cultured from adult patients but it is fairly common in pediatric acute sinusitis, accounting for about 20% of pediatric cases. 
Staphylococcus aureus can be cultured from about 30% of healthy noses, but although it is a common component of normal nasal flora, it is an infrequent isolate in sinus cultures of acute sinusitis patients. Anaerobes are rarely recovered in 
significant colony numbers from patients with acute sinusitis.

Subacute sinusitis is generally defined as nasal symptoms lasting 3 weeks to 3 months. The profile of cultured pathogens in subacute sinusitis cases is the same as for acute sinusitis. In one prospective study of children with subacute sinusitis 
defined clinically and radiographically, there were no significant differences in symptom resolution between three groups treated with different antibiotics and one group treated with placebo. All patients received nasal saline and 
decongestant therapy, and overall symptom resolution was 70% at 3 weeks and 87% at 6 weeks.[12] 

Chronic sinusitis is usually defined as symptoms of sinusitis persisting beyond 3 months without improvement. From a practical standpoint, the clinician much more commonly hears a story of symptoms waxing and waning with medical 
therapy over a prolonged period. Culture studies using maxillary sinus taps in patients with chronic sinusitis show similar results to studies of patients with acute sinusitis and perhaps with an increased overall incidence of non-typeable H. 
influenzae. Patients with refractory chronic sinusitis show an increased incidence of S. aureus, anaerobic bacteria, gram-negative organisms and of polymicrobial infection in general. Pseudomonas aeruginosa is commonly cultured from 
patients who have received multiple courses of antibiotics over a prolonged period of time. Pseudomonas culture should also prompt suspicion of immunodeficiency.

Because of the increased likelihood of polymicrobial infection with resistant organisms, sinus cultures are strongly recommended for patients with chronic sinusitis. Maxillary sinus puncture remains the gold standard for obtaining sinus 
culture material, with many studies in the past showing little correlation between nasal swab and maxillary culture. However, careful otoscopic or endoscopic guided culturing of obviously purulent secretions in the middle meatus or nasal 
vestibule is practical way to try to obtain rapid guidance in antibiotic selection. When such a culture yields a sinus pathogen or pathogens in high numbers, an assumption can be made that the identified pathogens are playing a role in the 



infection. Even occasional culturing of office patients with chronic sinusitis can yield valuable information regarding patterns of antibiotic resistance in the community.

Antibiotic Therapy

Acute Sinusitis

Amoxicillin remains the initial drug of choice for many infectious disease experts treating uncomplicated cases of acute sinusitis despite the fact that β-lactamase production is found in up to 40% of isolates of H. influenzae and M. 
catarrhalis ( Table 52-2 ). Amoxicillin achieves a high level in sinus fluid at recommended doses. Intermediate penicillin resistance of S. pneumoniae due to alterations in penicillin-binding proteins can potentially be overcome by increasing 
the dose of amoxicillin. S. pneumoniae resistance is most prevalent among young children in daycare, and many infectious disease specialists are now recommending dosing children at 60 to 90 mg/kg per day instead of 40 mg/kg for 
amoxicillin. Some authors are now advocating initial therapy with augmented penicillin, erythromycin with sulfanilamide, or a second-generation cephalosporin in areas with a high incidence of bacterial antibiotic resistance. Keep in mind 
that, depending on geographic location, S. pneumoniae resistance to macrolides can exceed 30%, and the rates of resistance to trimethoprin/sulfamethoxazole are generally higher. Amoxicillin is contraindicated in patients with suspected 
Epstein-Barr virus infection because of a 50% incidence of cutaneous rash. Studies show a 20% incidence of viable bacteria via maxillary sinus tap after 7 days of antibiotic therapy, and most authors recommend 10 days of therapy in the 
treatment of acute sinusitis.

In a recent prospective placebo-controlled trial of children with clinically determined acute sinusitis, no significant differences in symptom resolution rates were determined between amoxicillin, amoxicillin-clavulanate, and placebo. [18] 
However, sinusitis outcome studies are easily influenced by the "Pollyanna" phenomena whereby differences in treatment outcomes with different therapies are difficult or impossible to demonstrate because of vague diagnostic criteria and 
vague outcome measures.[11] Unfortunately, "gold-standard" double-tap studies, more sensitive in demonstrating outcome differences, are difficult to carry out and are therefore rare in the literature. However, double-tap studies of adults with 
community-acquired sinusitis do show greater than 90% sinus bacterial eradication when antibiotics appropriate for the inciting organism are selected.[25] 
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TABLE 52-2 -- ANTIMICROBIAL THERAPY FOR SINUSITIS

Type Organism Drugs Comments

Acute S. pneumoniae, H. influenzae, M. catarrhalis Amoxicillin × 10 days (70–90 mg/kg per day for pediatric patients) Second-generation cephalosporin or new-generation 
macrolide for penicillin allergic

Subacute Increased likelihood of resistant S. pneumoniae or β-
lactamase-positive H. influenzae or M. catarrhalis

Backup drugs for amoxicillin failures  

Chronic Increased likelihood of resistant organisms and 
polymicrobial infection including Pseudomonas 
species and anaerobes

Amoxicillin-clavulanate, second-generation cephalosporins, third-generation 
cephalosporins (cefdinir), new macrolides (backup), fluoroquinolones (adults, second-
line therapy), clindamycin for highly resistant S. pneumoniae, 2–3 weeks of therapy

Culture-guided therapy whenever possible, address 
predisposing conditions

Recurrent Chronic Resistant organisms and polymicrobial infection Consider 3–4 weeks of prophylaxis after initial therapy Culture-guided

Suppurative Complications High incidence of gram-negative and S. aureus Cefuroxime, ceftriaxone, aminoglycosides Surgery if no response in 24–48 hours
 
Based on prevailing resistance patterns and the pharmacodynamics of various agents, in 2000 the Sinus and Allergy Health Partnership recommended the following, in descending order of predicted efficacy: fluorquinolones, amoxicillin/
clavulanate, high-dose amoxicillin, and cefpodoxime for treatment of adult acute sinusitis.[51] For pediatric patients, the partnership recommended: amoxicillin/clavulanate, high-dose amoxicillin, cefixime, and cefuroxime axetil. A reasonable 
update to both lists would be the newer third-generation cephalosporin, cefdinir.[22] 

Suppurative Complications of Sinusitis

The most commonly recommended empiric initial parenteral antibiotic choices for severe sinusitis with suspected orbital or intracranial extension are ceftriaxone, a third-generation cephalosporin with good blood-brain barrier penetration, or 
ampicillin/sulbactam. At our institution, uncomplicated periorbital cellulitis secondary to ethmoid sinusitis is often initially treated with clindamycin. Aminogylcosides are still considered the first-line drugs for gram-negative serious 
infections, and vancomycin may come to play an increasing role for severe sinusitis with suppurative complications due to resistant S. aureus or highly resistant S. pneumoniae.

Chronic Sinusitis

Ideally, antibiotic therapy for chronic sinusitis should be based on culture results. Because of the steady increase in antibiotic resistance, empiric antibiotic selection will have less and less likelihood of effectively matching bacterial 
susceptibilities in the future. Endoscopic (or otoscopic) directed culture of purulent secretions from the nasal vestibule or middle meatus are easy to perform and correlate well with maxillary tap results.

Currently, the first-line antibiotics for chronic sinusitis include amoxicillin-clavulanate and second-or third-generation cephalosporins. For adults, the respiratory quinolones, ciprofloxin, levofloxacin, gatifloxacin, and moxifloxacin would be 
added to the list by some experts.[5] Gatifloxacin has received FDA warnings related to prolonged QT interval and alterations in glucose homeostasis, and moxifloxacin has also had a warning issued regarding QT prolongation. The 
fluoroquinolones in general carry a relative contraindication for use in conjunction with other drugs that may prolong QT interval such as erythromycins, antipsychotics, and antidepressants. Moxifloxacin should also be used with caution in 
patients with central nervous system disorders. Given their potential for adverse side effects and concerns for inducing
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resistance, many infectious disease experts do not recommend fluoroquinolones as first-line therapy for uncomplicated sinusitis.[16] 



β-Lactamase-mediated resistance to the early second-generation cephalosporins is high among strains of H. influenzae and M. catarrhalis. The third-generation cephalosporin cefixime can be selected for Haemophilus or Moraxella infection, 
but it has a poor spectrum of activity against S. pneumoniae. Newer generation macrolides such as clarithromycin and azithromycin achieve excellent mucosal levels but should be considered backup drugs. Azithromycin appears to be more 
potent against H. Influenzae, whereas clarithromycin may be slightly better against intermediate resistant S. pneumoniae.[39] Clindamycin should be reserved for culture-documented resistant S. pneumoniae. Clindamycin has little efficacy 
against Haemophilus.

With campaigns to educate patients and physicians about the dangers of antibiotic overuse, the overall prescribing rate for respiratory disorders has decreased over the past decade in the United States. In one study using data from the 
National Ambulatory Medical Care Survey (1992–2000), overall prescribing rates for ambulatory settings dropped approximately 25%.[38] The largest decreases were noted for amoxicillin, ampicillin, cephalosporins, and erythromycin. The 
use of amoxicillin/clavulanate increased and the use of azithromycin, clarithromycin and the flouroquinolones (adults) increased dramatically. Other authors have noted a doubling of pneumococcal resistance to macrolides over the past 10 
years from approximately 10% to 20% leading to recommendations that these drugs (and fluoroquinolones in adults) not be used as first-line therapy for sinusitis.[31] 

Most authors recommend treating chronic sinusitis with a broad-spectrum antibiotic for up to 3 weeks. The first outcome measure is improvement in symptoms, which should occur within 3 to 5 days. The next outcome will hopefully be 
resolution of symptoms within 7 to 10 days after first improvement. The logic of continuing therapy for another week or so is to allow for further diminution of mucosal edema and mucociliary function to gain resistance against new 
infection.

Many clinicians will follow the 3-week treatment course of antibiotics with a 3- to 6-week course of once-daily prophylactic antibiotic therapy for patients with a history of rapid recurrence after previous treatment. The goal is to get the 
patients through their window of vulnerability to new infection while mucosal recovery allows for return of normal primary immune defense. Antibiotic prophylaxis is probably worth contemplating at least once in patients being considered 
for surgery, but prolonged prophylaxis applies more selection pressure for development of bacterial resistance. Also, prolonged use of antibiotics may promote chronicity of infection by creating β-lactamase producing normal flora organisms 
that can "protect" potentially sensitive pathogens. In addition, normal flora such as viridans streptococci and non-hemolytic streptococci may competitively inhibit colonization by pathogenic organisms, and prolonged antibiotics may 
therefore promote chronic infection may disturbing normal flora.[6] Bacterial interference through treatment with viridans streptococci has been used in Europe for treatment of chronic β-hemolytic streptococcus pharyngitis. Overuse of 
antibiotics has also lead to an increased incidence of pseudomembranous enterocolitis, especially in children. The diagnosis of enterocolitis should be considered in any patient with chronic diarrhea and abdominal discomfort during or after 
antimicrobial therapy. Cephalosporins are probably more common as the trigger than clindamycin in most outpatient cases.

Topical Antibiotic Therapy

The logic of topical antibiotic use for chronic sinusitis is avoidance of systemic adverse effects with (perhaps) less pressure for development of bacterial resistance compared with enteral therapy. Potential problems include difficulties with 
preparation (stability and solubility of the agent) and patient compliance (issues of mucosal irritation, taste, and aversion to nasal irrigations). Two commonly used empiric regimens are mupirocin ointment or cream, 5 to 7 g in 45 cc saline, 
two squirts each nostril twice a day (for gram-positive organisms) or twice daily irrigation with gentamycin 1 g in 1 L saline (for gram-negative). Studies examining the efficacy of these regimens are lacking. One uncontrolled study of adults 
with chronic (usually gram-negative) sinusitis using culture-guided antibiotics (usually aminoglycosides, fluoroquinolones, or ceftazidime) delivered via nasal nebulizer, showed longer symptom-free intervals post-therapy than systemic 
therapy.[56] 

Intravenous Antibiotic Therapy

A few authors have recommended at least one course of culture-guided intravenous antibiotic therapy before the consideration of surgical intervention for chronic sinusitis, especially when resistant organisms play a role. In one study of 27 
pediatric patients, 90% achieved the resolution of symptoms with intravenous therapy, and none went on to require surgical therapy.[7] Similar results have been reported in small adults series.[21] Potential complications of intravenous therapy 
include thrombophlebitis and catheter sepsis.
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Decongestants

Decongestants are α-adrenergic agonists that induce the release of norepinephrine from sympathetic nerves leading to vasoconstriction of dilated mucosal blood vessels ( Table 52-3 ). Decongestants exhibit varying degrees of tachyphylaxis 
and are best used for short (3–5 days) courses at the beginning of treatment for sinusitis or allergic rhinitis. The most common oral decongestants are pseudoephedrine and phenylpropanolamine. Common adverse effects include insomnia, 
heart palpitations, and elevated blood pressure. Pressor effects are more common in patients with diabetes or thyroid disease and in those  

TABLE 52-3 -- NON-ANTIMICROBIAL PHARMACOTHERAPY FOR RHINOSINUSITIS

Class Examples Indications Comments

Mucolytic Guaifenisin Congestion and rhinorrhea symptoms Symptomatic relief in comparative trial of AIDS patients

Oral Decongestant Phenylpropanolamine, pseudoephedrine Congestion Use with caution in children, elderly, and pregnant patients; pressor and central nervous 
system effects

Topical Decongestants Phenylephrine, oxymetazoline Congestion Rebound congestion after 1–2 weeks; may damage nasal epithelium; pressor effects, 
especially in elderly or hypertensive patients

Nutritional or "Alternative" Vitamin C, zinc, echinacea, goldenseal All Most rhinosinusitis is self-resolving; vitamin C and echinacea may have mild 
decongestive effect; no evidence of change in "immune function"

Anticholinergics Ipratropium Rhinorrhea, vasomotor rhinitis Short half-life, ineffective for sneezing and congestion

First-Generation Oral Antihistamines Clemastine, diphenhydramine, chlorpheniramine Sneezing, rhinorrhea, itching Inexpensive, anticholinergic effects of drying and sedation, ineffective for congestion

Second-Generation Oral Antihistamines    



 Cetirizine, loratadine, fexofenadine, astemizole, 
terfenadine

Sneezing, rhinorrhea, itching Expensive, little or no sedation, possibility of drug interactions causing arrhythmia with 
astemizole and terfenadine

Nasal Antihistamines Azelastine Sneezing, rhinorrhea, itching, congestion Some apparent leukotriene blockade with therapeutic effect for chronic congestion

Nasal Antiallergy Cromolyn Sneezing, rhinorrhea, itching, congestion Very low incidence of adverse effects, best given before allergen exposure, nedocromil 
still investigational for allergic rhinitis

 Nedocromil   

Nasal Corticosteroids Beclomethasone, budesonide, triamcinolone, 
flunisolide, fluticasone

Congestion, general allergy symptoms Mucosal adverse effects of drying and bleeding minimized by concurrent use of nasal 
saline or by aqueous or powder delivery; use with caution in young and elderly (risk of 
varicella, glaucoma)

 
patients taking monoamine oxidase inhibitors for the treatment of depression.

Oral decongestants are indicated principally for symptomatic relief of nasal congestion and have not been shown to have therapeutic efficacy for the treatment of sinusitis. McCormick and others,[37] for example, compared oral 
brompheniramine and phenylephrine in combination with topical nasal oxymetazoline against topical nasal saline and placebo syrup in children with acute sinusitis. In both groups, symptoms and results of radiographic tests improved 
rapidly, and there were no significant differences between the treatment groups.
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Topical agents include phenylephrine, oxymetazoline, and naphazoline. Phenylephrine may have a greater tendency to elevate blood pressure than oxymetazoline, and all topical decongestants should be used with caution—if at all—in 
young patients and in the elderly. In one review of a data registry of significant adverse drug interactions, oral decongestants accounted for a large percentage of cases.[2] All topical agents exhibit rebound vasodilation, which can be 
demonstrated by rhinometric analysis of nasal resistance as early as 3 days after beginning therapy. Clinical rebound congestion or rhinitis medicamentosa usually requires at least 10 days to 2 weeks of topical decongestant use to become 
apparent. The treatment of rebound congestion due to prolonged use of topical decongestants consists mainly of topical nasal steroids. Patients can also be instructed to gradually dilute their last bottle of decongestant spray with nasal saline 
every few days, allowing for gradual weaning.

No controlled studies have demonstrated more rapid resolution of documented sinusitis or otitis with topical decongestants, and some studies have raised concern about effects on mucociliary function. Min and others[42] demonstrated a higher 
incidence of maxillary sinusitis after topical phenylephrine in the rabbit model. Histologic analysis of nasal mucosa after 2 weeks of use showed epithelial ulceration, inflammation, and edema. Similarly, in a trial involving infants with upper 
respiratory infections, Turner and Darden[55] showed better improvement of middle ear ventilation measured by immittance with placebo nose drops than with topical phenylephrine.

Mucolytic Agents

Guaifenesin is the most commonly used mucolytic agent, and it is often dispensed in combination with a decongestant (see Table 52-3 ). High doses (up to 2400 mg/day for adults) are required for obtaining an effect on mucous and at those 
doses, emesis and abdominal pain are the frequently reported mild adverse effects. Saturated solution of potassium iodide (SSKI) is another purported mucolytic agent sometimes used in the treatment of sinusitis. There are no placebo-
controlled studies demonstrating efficacy of mucolytics in the treatment of sinusitis. However, Wawrose and others[58] documented significant improvement in nasal congestion in patients with AIDS and low CD4 counts with guaifenesin vs 
placebo.

Nasal Saline

Likewise, no comparative studies have documented the therapeutic efficacy of nasal saline in the treatment of sinusitis, but saline has been shown to increase mucociliary flow rates, and it has at least a brief vasoconstrictive effect. Additional 
goals of nasal saline are to mechanically rinse away predisposing agents such as pollen, mold, dust, and particulate air pollution. Patients with chronic sinusitis are therefore instructed to use saline at least twice daily as a preventative 
measure rather than starting when clinical symptoms manifest. Commercial preparations have the advantage of being sterile and pH neutral, but some brands contain significant amounts of benzyl alcohol preservative, which can cause a 
burning sensation. Nasal saline used in conjunction with topical glucocorticoid sprays can lessen or eliminate the adverse effects such as burning, drying, crusting, and bleeding sometimes associated with those medications. Many clinicians 
recommend using a dental jet irrigator system to deliver nasal saline in postoperative sinus patients or those with refractory disease. The advantages of more forceful irrigation can be overshadowed by complications such as septal irritation 
and bleeding and by poor compliance due to discomfort.

FUNGAL SINUSITIS

Invasive

Invasive fungal disease, with rare exception, occurs in severely immunodeficient patients. Diabetic patients experiencing ketoacidosis are at risk for developing rhinocerebral infection from fungi in the class Zygomycetes including the 
genera Mucor, Rhizopus, and Absidia. The organisms favor acidic, high-glucose environments and therefore will invade vessels, leading to ischemic necrosis. Profoundly neutropenic patients after transplant or chemotherapy for malignancy 
are also at risk for invasive fungal sinusitis, usually with Aspergillus species. The diagnosis of invasive fungal sinusitis is dependent upon a high index of suspicion in a patient with signs such as fever, nasal congestion and discharge, 
paresthetic facial pains, and erythema around the nostrils or lower eyelids. Nasal swabs demonstrating fungal forms are highly suggestive, but diagnosis ultimately depends on biopsy.

The treatment of invasive fungal sinusitis ultimately depends on reversing the diabetic ketoacidosis or improving the immune status of transplant or cancer patients. The latter is especially difficult, accounting for the high mortality rates in 
this patient group. Amphotericin B remains the drug of choice for confirmed or highly suspected invasive fungal disease with Zygomycetes or aspergillus organisms. The goal in adults is to deliver 2 to 4 g over 6 to 8 weeks at 0.25 to 1.0 mg/
kg per day as limited by renal toxicity and adverse effects. Liposomal formulations increase the drug levels at sites of tissue inflammation and may allow for lower total dosing and systemic toxicity. Immunomodulation and hyperbaric 
oxygen have also
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been tried with mixed results. Surgery is important both for initial diagnosis and for excision of necrotic tissue, allowing for better treatment efficacy of amphotericin B. It is probably not possible to obtain a true surgical margin in most cases 
of rhinocerebral invasive fungal diseases due to the spread of fungi proximally along vascular pathways (orbit and skull base) well beyond visible mucosal disease. Therefore, some clinicians are now advocating more conservative 
endoscopic serial débridement of necrotic tissue more often than radical maxillectomy with orbital exenteration.

Noninvasive or Allergic

Allergic fungal sinusitis characterized by atopy, lack of immunodeficiency, nasal polyps, and allergic mucin (degenerated eosinophils with Charcot-Leyden crystals and segmented branching fungal forms) is well described.[35] Using 
techniques to break down mucus, authors have recently demonstrated the ability to grow fungus from the nasal secretions of any patient (not surprising given the ubiquitous nature of fungal spores).[48] Considerable controversy has been 
generated by those who propose that a large percentage (if not all) of adult chronic rhinosinusitis is caused by chronic noninvasive fungal infection. Although topical antifungal therapy has been shown to be of possible benefit for some 
patients with chronic rhinosinusitis in uncontrolled studies,[49] most rhinologists feel that fungal allergy is defined by the (relatively unusual) distinct clinical spectrum of atopy and allergic mucin with fungal elements.[15] 

SPECIAL CONSIDERATIONS

Acquired Immunodeficiency Syndrome (AIDS)

Patients with AIDS appear to have an increased incidence of sinusitis, although most reports are anecdotal. In addition to the usual organisms of sinusitis, AIDS patients have an increased likelihood of culturing pseudomonas and unusual 
organisms such as Legionella pneumophila and Pneumocystis carinii. Cases of invasive fungal sinusitis in patients with AIDS are not unusual, but the overall incidence of fungal sinusitis is unknown. Because of the wide spectrum of 
possible pathogens, antimicrobial therapy for the treatment of sinusitis in AIDS patients should be culture guided whenever possible. Biopsy specimens should be taken from all suspiciously ulcerated or avascular mucosa for tissue culture, 
histology, and fungal stain.

AIDS patients with low CD4 counts may show evidence of hyper-IgE conditions, including allergic rhinitis with severe congestion and thick nasal secretions. In addition to culture-guided antibiotic therapy, treatment with topical steroids, 
mucolytics, and decongestants is often helpful in the alleviation of congestion and rhinorrhea symptoms. Most patients will respond to medical management with surgery reserved for unusual problems such as subperiosteal orbital abscess.

Elderly

Older patients may have fewer overall specific sinusitis symptoms, but they complain more of chronic postnasal discharge with congestion, throat clearing, and morning cough. First-generation antihistamines are poorly tolerated in older 
patients due to the increased amount of anticholinergic adverse effects such as urinary retention and reduced visual accommodation. Ipratropium nasal spray may be a more appropriate alternative for chronic rhinorrhea, and daily saline nose 
spray and oral gargle can be very helpful. Oral decongestants must be used with caution because of the potential for cardiovascular and central nervous system adverse effects.

Children

Infants are obligate nasal breathers for the first few months of life, and rhinitis of infancy can therefore occur with severe respiratory distress when feeding a child with failure to thrive. Initial treatment of infantile rhinitis consists of nasal 
saline drops with topical steroids (such as Decadron [dexamethasone] ophthalmic 0.1% drops) reserved for severe cases. Antibiotic therapy should be based on the results of culture tests; chlamydia is an infrequent but easily missed potential 
pathogen.

For preschool children, viral exposure is the most common predisposing condition behind a history of chronic rhinosinusitis. A vacation from day care or relocation to a smaller day care setting can often break a cycle of recurrent upper 
respiratory tract disease. In addition, parents should be strongly advised to prevent exposure of their children to cigarette smoke. Gastroesophageal reflux should be suspected in refractory patients, especially with a history of lower 
respiratory tract disease such as asthma, bronchitis, or croup.

If allergic rhinitis is suspected, environmental reduction of dust and mold exposure along with nasal cromolyn are first-line therapies. Although topical nasal steroids are approved by the FDA only for patients 6 years and older, many 
clinicians use them in younger patients with careful supervision for defined time intervals, usually at half the adult dosage.

First-generation antihistamines are probably more likely to lead to adverse central nervous system effects in children and are ineffective for chronic congestion. Newer second-generation antihistamines appear to be more effective with fewer 
adverse effects. In the
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United States, loratadine and cetirizine are approved for use in children 6 and older (and for younger children in Canada).

The overall strategy in caring for children with chronic rhinosinusitis is to address suspected predisposing factors, beginning with the least costly and least invasive therapies. Most children will experience spontaneous improvement in 
symptoms with natural maturation of systemic immunity.

Athletes

For athletes subject to drug testing, the first consideration in treating rhinosinusitis should be to avoid medications proscribed by the relevant testing authority. Commonly proscribed medications include α-agonists such as phenylephrine, 
ephedrine, and pseudoephedrine and systemic corticosteroids. Topical nasal steroids are generally allowed when accompanied by a letter from the treating physician.

Pregnancy



Increased nasal congestion due to hormonal effects is common in pregnancy, usually starting in the second trimester. Conservative measures such as topical nasal saline or cromolyn should be tried first, but topical corticosteroids appear to 
have no teratogenic potential and have a long record of safe use in pregnancy. Oral pseudoephedrine at recommended dosages appears to be safe and is widely used. The second-generation antihistamines have demonstrated no teratogenic 
potential in animal studies, but they are relatively new and should therefore be used with caution.

CONCLUSION

Chronic rhinosinusitis is multifactorial, and a balanced approach aimed at likely triggers is necessary to break a cycle of recurrent disease. Patients must be educated about their risk factors before they can understand the process of treatment, 
a necessary step in increasing compliance with recommended therapies. Logically, therapeutic options should be considered along a hierarchy starting with the least difficult and most risk-free options, with more intense therapeutic options 
added only after initial failure to improve. The therapeutic option of surgery for chronic sinusitis should be considered last after medical options have been exhausted.
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Chapter 53 - PRIMARY SINUS SURGERY

Kevin J. Hulett 
James A. Stankiewicz 

INTRODUCTION

Paranasal sinus surgery has progressed as new and innovative techniques in exposure and visualization have developed. By 1868, the use of anterior rhinoscopy was routinely practiced, and external approaches to the paranasal sinuses were 
subsequently developed and refined.[77] The canine fossa approach to the maxillary sinus was described by George Caldwell in 1893.[9] The first endoscopic examination of the nose was performed by Hirshman in 1901 using a modified 
cystoscope, just as the Caldwell-Luc procedure was gaining popularity for the treatment of chronic sinusits.[90] 

With the development of endoscopes, Messerklinger was able to carefully study both the anatomy and the pathophysiology of the paranasal sinuses. [90] His collection of images and experience was eventually published in 1978 and is now 
widely considered the major reference work for endoscopic diagnosis.[47] [76] Improvements in both endoscopes and sinus instrumentation developed as interest grew in the United States. Stammberger, Messerklinger's former resident, and 
Kennedy, who had observed Messerklinger's technique, eventually began teaching endoscopic sinus techniques outside of Germany and Austria.[32] [74] [75] [79] [90] 

Although endoscopic approaches for the treatment of sinus disease now predominate, intimate knowledge of the external procedures is still necessary. Both techniques require a thorough understanding of the anatomy and physiology of the 
paranasal sinuses to maximize results and limit complications.

ANATOMY

A thorough understanding of sinus anatomy is important to the performance of successful sinus surgery. Although experience cannot be replaced, identification of anatomic landmarks and recognition of variations are the most important 
aspects of surgical technique. Recognition of these landmarks is also vital in minimizing complications.[66] Historically, there has been confusion with the terminology of paranasal sinus anatomy. In 1995, the Anatomic Terminology Group at 
the International Conference on Sinus Disease made recommendations for a unified system of nomenclature for important anatomic terms.[80] This system of nomenclature is used in this chapter.

The ostiomeatal complex has a vital role in sinus pathophysiology, and its complex anatomy is often the focus of sinus surgery ( Figure 53-1 ). The uncinate process lies in the sagittal plane and runs anterior superior to posterior inferior. This 
structure covers the infundibulum, the three-dimensional (3D) space where the anterior sinuses drain. The hiatus semilunaris inferior is a 2D space between the uncinate process and the ethmoid bulla. Superiorly, the uncinate process has 
three possible attachments: the lamina papyracea, skull base, or middle turbinate ( Figure 53-2 ). [80] These variants are important to identify preoperatively because of variations in frontal sinus drainage.

The anterior and posterior ethmoids are divided by the basal lamella, which is the attachment of the middle turbinate ( Figure 53-3 ). The anterior ethmoids can be further divided into the infundibular cells and the ethmoid bulla. Infundibular 
cells include the agger nasi cell, the terminal cell, and the suprainfundibular cell. The agger nasi cell lies at the attachment of the middle turbinate to the lateral nasal wall, and the terminal cell can be found at the superior extent of the 
infundibulum if it does not end in a blind sac. A cell that drains into the superior aspect of the infundibulum is a suprainfundibular cell. The ethmoid bulla is the largest cell of the ethmoid complex and is often the first cell encountered when 
entering the anterior ethmoids. Its lateral wall is the medial wall of the orbit, and it drains into the suprabullar or retrobullar recess (sinus lateralis). In a cadaver study, the suprabullar recess was present in 23 of 24 specimens, and
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Figure 53-1 Coronal view of the ostiomeatal complex. The uncinate process lies in a sagittal plane over the infundibulum. The ostium to the maxillary sinus drains into the infundibulum. 



 

Figure 53-2 The superior attachment of the uncinate process can attach to the lamina papyracea (A), roof of the ethmoid (B), or the middle turbinate (C), If the uncinate process attaches to the roof of the ethmoid or to the middle turbinate, 
the frontal sinus will drain into the infundibulum. If the uncinate attaches to the lamina papyracea, the frontal sinus will drain medially next to the middle turbinate. 

 

Figure 53-3 Sagittal view of the ethmoidal complex. The basal lamella, which is the attachment of the middle turbinate, separates the anterior and posterior ethmoids. Also seen are the frontal and sphenoid sinuses. 

 
 

Box 53-1. INDICATIONS FOR ENDOSCOPIC SINUS SURGERY

Absolute 
 
Tumors 
 
Complications of rhinosinusitis 
 
Failed sinus surgery 
 



Mucoceles 
 
Fungal mycetoma 
 
Encephalocele 
 
Cerebral spinal fluid rhinorrhea 
 
Relative 
 
Chronic rhinosinusitis failing medical therapy 
 
Headaches and facial pain 
 
Recurrent acute sinusitis 
 
Epistaxis 
 
Nasal polyps 
 

 
 
Treating complications of rhinosinusitis may require immediate intervention. An orbital abscess, subperiosteal abscess, or cellulitis that develops from an acute maxillary or ethmoidal sinusitis may compromise vision (causing diplopia or 
blindness) if not drained. Traditionally, external procedures have been the approach of choice. In experienced hands, endoscopic drainage can be safe and effective if nasal edema and inflammation does not compromise exposure.[3] 

Mucoceles of the paranasal sinuses cause progressive distension of the structures surrounding them. Over time, large mucoceles can develop orbital or intracranial extension. Endoscopic marsupialization of mucoceles has been shown to be a 
successful treatment, with recurrence rates near 0%.[27] 

A fungal mycetoma will be heterogeneous with microcalcifications visible on computed tomography (CT) imaging. Endoscopic treatment requires a large antrostomy with irrigation and removal of the fungal debris.

Cerebrospinal fluid (CSF) rhinorrhea is usually caused by trauma or iatrogenic penetration of the skull base. These leaks can often be repaired with an endoscopic approach using a variety of patch materials including mucosal grafts, fascia 
grafts, and synthetic products. Active CSF leaks can be identified with a CT cisternogram. The location of a leak can also be visualized after intrathecal injection of fluorescein. Patients should be advised of possible complications with 
intrathecal injection of fluorescein because this is an off-label application. Today, endoscopic repair is the rule for CSF rhinorrhea, with success rates of 90% and higher. [42] 

Relative Indications

Surgery for patients with chronic rhinosinusitis is only indicated for those who have failed maximal medical therapy. A detailed history of prior medical treatments is important when evaluating patients with chronic rhinosinusitis. Optimal 
medical therapy includes an allergy evaluation and treatment, decongestants, topical and systemic steroids, treatment of rhinitis medicamentosa, education on environmental irritants, and at least a 4-week course of antibiotics.[11] It should be 
understood that chronic rhinosinusitis has a multifactorial etiology and is an inflammatory disease. Treatment should be directed at reducing inflammation as well as possible infection. If disease persists with continued symptoms and 
changes on CT or nasal endoscopy, sinus surgery is indicated. Although external procedures are used in a limited fashion, external frontal or maxillary procedures can be helpful (i.e., osteoplastic flap and Caldwell-Luc) with or without 
endoscopic surgery. Headlight-guided intranasal ethmoidectomy is now rarely used, but it can be successfully combined with endoscopic or microscopic surgery.

Treatment of recurrent acute sinusitis is another relative indication for surgery. The majority of patients with acute signs and symptoms will resolve infection with basic medical therapy, while only a small percentage having prolonged 
chronic infections. Surgical intervention for recurrent acute sinusitis may be indicated for those patients who have four or more episodes of acute sinusitis per year.[11] Each documented infection must have lasted at least 1 week, and there 
should be complete resolution of symptoms between infections. It is important to document the presence of disease by nasal endoscopy or CT scan before any surgical intervention. Seeing the patient when he or she is symptomatic can help 
to determine whether sinusitis is truly present.

The role of surgery for the treatment of headaches has been controversial. In 1994, Chow[10] reviewed 18 patients who had a rhinologic source for their subjective complaint of facial pain or headache. Fourteen of the 17 patients who 
underwent surgery were cured of their headaches or had a significant improvement in their headaches. Other authors have also found that directed endoscopic sinus surgery has a good chance of improving symptoms when there are specific 
abnormalities on CT.[2] However, some authors are less optimistic. [69] Patient selection is particularly important, and surgery should only proceed when all available medications and evaluations have failed. Patients with evidence of sinus 
disease or anatomic abnormalities will do well. Patients with normal examination results and normal CT scans require a neurologic evaluation. Surgery can be attempted in patients with persistent headaches only as a last resort because many 
of these patients will not respond long term.

Epistaxis can usually be treated with conservative treatments. Patients with uncontrolled posterior epistaxis can be treated with endoscopic ligation of the sphenopalatine artery. The endoscopic technique is both safe and effective in 
controlling intractable epistaxis.[63] 

1234

Nasal polyps can contribute to the development of chronic rhinosinusitis due to obstruction of the sinus drainage pathways and can cause nasal airway obstruction. Patients with large obstructing polyps that do not respond to medical therapy, 
including systemic and topical steroids, will often benefit from endoscopic removal of the polyps. Triad patients (nasal polyps, asthma, and aspirin sensitivity) can be particularly difficult to treat and will require extensive postoperative care.



RADIOGRAPHIC EVALUATION

CT has become an important device in the evaluation of chronic sinusitis and in defining the paranasal sinus anatomy preoperatively. A CT scan is more sensitive and specific for chronic rhinosinusitis than are plain films.[94] Most sinus CT 
evaluations include axial and coronal views, with 2- to 5-mm intervals. These are often printed in both soft tissue and bony windows. Many institutions also offer a "screening sinus CT," which includes a limited number of coronal views in 
the bony window. The screening sinus CT has been shown to be useful for the evaluation of sinusitis, but a coronal CT with a maximum of 5-mm slices is needed to fully appreciate the anatomy of a surgical candidate.[21] 

A sinus CT should be considered in the evaluation of sinusitis only after patients have been diagnosed with clear-cut chronic rhinosinusitis based on history and physical findings, and after they have been treated with medical therapy. A CT 
scan following prolonged medical therapy should have evidence of persistent inflammation before a decision for surgery is made. This CT should be obtained 2 to 4 weeks after medical treatment for better evaluation of treatment results. The 
purpose of the CT is to evaluate the anatomy and the pattern of inflammation before surgical intervention. A sinus CT may also be helpful in evaluating patients with complaints of rhinosinusitis who have negative findings on anterior 
rhinoscopy or nasal endoscopy. In these cases, care must be taken to correlate symptoms with the CT findings. Prospective studies have shown that symptoms of rhinosinusitis frequently do not correlate with CT findings,[4] and incidental 
sinus opacifications can be found in up to 27% of sinus scans.[18] 

For patients being considered for endoscopic sinus surgery, the CT should be carefully reviewed before beginning surgery and should be available for review during the case. All paranasal sinuses should be carefully examined for the extent 
of disease, and any findings should be clinically correlated. Blockage of any of the sinus drainage pathways can usually be identified by the presence of retained fluids within the sinuses. The cause of the blockage can also frequently be 
determined by the presence of thickened mucosa, polyps, or anatomic abnormalities. All of the bony structures should be reviewed for any evidence of expansion, erosion, or dehiscence. Septal deviations are usually apparent during nasal 
endoscopy but should be compared with the CT findings. Abnormalities within the orbits can also be identified with a sinus CT. Calcifications or hyperintense signals may be evidence of fungus or tumors. If there is surrounding bony 
dehiscence or erosion, magnetic resonance imaging (MRI) may be appropriate, particularly if intracranial invasion is suspected. MRI can also be helpful in evaluating dehiscent areas of the skull base for possible encephaloceles and in 
differentiating tumors from fluid within the sinuses.

The preoperative CT scan should be reviewed to evaluate both the extent of disease and the anatomy. This will be helpful in locating the ostium of each sinus and will help in avoiding complications. The presence of agger nasi cells, frontal 
cells, infraorbital cells, and the attachment of the uncinate process are all important to identify and will help in safely opening each sinus. The course of the carotid artery and the optic nerve should be determined, as well as any areas of 
dehiscence. In a study by Meyers and Valvassori,[49] 400 preoperative CT scans were reviewed with attention to anatomic variations. The investigators found six specific variations that may predispose a surgeon to inadvertent penetration of 
the orbit or the anterior cranial cavity. These variations include (1) lamina papyracea lying medial to the maxillary ostium; (2) maxillary sinus hypoplasia; (3) fovea ethmoidalis abnormalities such as low or sloping fovea; (4) lamina 
papyracea dehiscence; (5) sphenoid sinus wall variations such as septa attached to the carotid, or dehiscence of the carotid or optic nerve; (6) sphenoethmoidal cells. Large sphenoethmoidal cells are important because of their relationship 
with the optic nerve. The height and slope of the cribriform plate and fovea ethmoidalis are particularly important to observe to avoid intracranial complications.

Many endoscopic sinus surgeons have begun to use image-guided navigation systems during surgery. These systems frequently use thin-cut axial CT scans that are formatted to create views in each axis. This 3D view is then correlated with 
actual patient anatomy intraoperatively with the help of a computer. The surgeon can use a probe that can be placed on any structure to get a real time, 3D view of where the probe is placed. The computer-assisted navigation systems can be 
extremely helpful for difficult cases and for revision surgery where landmarks may be difficult to find. Navigation systems do not replace the need for experience and a thorough understanding of paranasal sinus anatomy. Dependence on 
these
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systems can lead to complications, particularly if basic surgical landmarks are ignored. Navigation systems do not need to be used for every case. They should be reserved for cases in which the anatomy may be distorted such as in revision 
cases, mucoceles, and extensive polyposis.

ANESTHESIA

The choice of anesthesia for an endoscopic sinus procedure has many variables including the extent of surgery, the age and health of the patient, the experience of the anesthesiologist, and patient comfort. Endoscopic sinus surgery using 
purely local anesthesia can be performed; however, some type of sedation is helpful, particularly while injections are given. Sedation also helps to calm patients, which may stabilize blood pressure and minimize the amount of bleeding. 
Some surgeons believe that endoscopic sinus surgery done with the patient under local anesthesia improves safety because patients will be aware of any manipulation of the orbital periosteum or dura. The selection of who gets general or 
local anesthesia with sedation depends on the length and difficulty of the procedure and the age and underlying health of the patient. In general, local anesthesia with sedation can work well for young patients undergoing nonrevision surgery 
lasting less than 2 hours.

Patients undergoing surgery using local anesthesia with sedation should undergo a focused history and physical examination in the preoperative holding area. Before patients are brought to the operating room, a decongestant spray should be 
administered to help shrink the mucosa of the nasal cavity and to help with vasoconstriction. This also helps diminish systemic uptake of cocaine or tetracaine hydrochloride (Pontocaine). In the operating room, an anesthesiologist should 
monitor the blood pressure, pulse, respirations, temperature, and oxygen saturation of the patient. Oxygen can be delivered through a nasal cannula placed at the mouth, with care taken not to create an oxygen-rich environment that may 
create a fire hazard if electric cautery is used. Local injection with 1% lidocaine and 1:100,000 epinephrine is helpful to provide anesthesia and vasoconstriction. Injections made to the nasal septum, nasal dorsum, inferior turbinate, and 
middle turbinate can be done using a nasal speculum and headlight before draping the patient. This allows adequate time for the anesthetic and vasoconstrictive properties to take effect. Infraorbital blocks via the canine fossa can also be 
used. It is often helpful to have the patient heavily sedated during this time to improve patient comfort. Once the injections are placed, cotton pledgets soaked in either a cocaine solution or Pontocaine with ephedrine are placed into the nasal 
cavity to provide additional anesthesia and vasoconstriction. Patients undergoing surgery under intravenous sedation are at increased risk for aspiration and bronchospasm, particularly if there is heavy blood loss. A small No. 8 pediatric 
Foley catheter can be placed into the nasopharynx and the balloon inflated with 10 to 15 mL of water to prevent secretions and blood from pooling in the oral pharynx. Expandable sponges are also available for this purpose. Once the local 
anesthesia has had time to take effect, the level of sedation can be lightened with minimal patient discomfort. Additional local anesthesia can be given under endoscopic visualization once the patient has been draped. Greater palatine foramen 
injections can also be helpful. If the patient is restless, experiences excessive pain, or is having large uncontrolled fluctuations in blood pressure, the procedure should be stopped and the case converted to a general anesthetic. If the patient's 
condition becomes unstable, all bleeding should be quickly controlled and the intravenous sedation should be stopped.

A retrospective review of 232 patients undergoing endoscopic sinus surgery revealed a slightly higher complication rate with local anesthesia with sedation compared with a general anesthetic.[20] Another study found no appreciable difference 
between local with sedation and general anesthesia in terms of postoperative pain, nausea, vomiting, and overall tolerance of endoscopic sinus surgery.[85] The investigators also concluded that local with sedation is the anesthetic method of 
choice, unless there are specific reasons to choose general anesthesia, such as patient anxiety, pediatric cases, and anticipated long cases.



If a general anesthetic is used, injections with 1% lidocaine with 1:100,000 epinephrine are still helpful after induction and intubation to assist with vasoconstriction and postoperative pain. The main advantages of a general anesthetic include 
the requirement of less patient cooperation and control of the airway.[17] General anesthesia may be favorable if computer-assisted navigation systems are used because any patient movement may disrupt the reference device.

ENDOSCOPIC PROCEDURES

Messerklinger and Wigand Techniques

The technique of functional endoscopic sinus surgery has developed from the approaches described by Messerklinger and Wigand.[48] Both techniques are well documented in the literature[32] [74] [75] [93] and were developed from extensive research 
and experience into the normal and pathologic functioning of the paranasal sinuses.

The Messerklinger technique involves an anterior-to-posterior approach, with resection of only the inflammatory or anatomic defects that interfere with
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normal mucociliary clearance of the paranasal sinuses leading to chronic infection. [32] The procedure begins with removal of the uncinate process with a sickle knife to expose the infundibulum. As clinically indicated, the dissection is 
continued with removal of the ethmoid bulla, exposure of the frontal sinus ostium, and identification of the roof of the ethmoid. Once the skull base is identified, the dissection continues posteriorly by removal of the remaining anterior 
ethmoidal cells, posterior ethmoidal cells, and finally the sphenoid sinus is opened under direct visualization. The ostium of the maxillary sinus is then identified using a 30-degree telescope and is widened if necessary.

Wigand also reinforces many of the principles outlined by Messerklinger. This includes mucosal preservation and maintaining the natural ostia to encourage normal mucociliary clearance postoperatively. The major difference with the 
Wigand technique is the posteroanterior exposure for complete ethmoidectomy. This technique begins with the partial resection of the middle turbinate, opening of the posterior ethmoidal cells, and then removal of the anterior wall of the 
sphenoid sinus. Once the skull base is identified within the sphenoid sinus, the dissection is continued anteriorly through the posterior and anterior ethmoids. The major advantage of this technique is early exposure of the skull base during 
retrograde exposure of the ethmoids. [93] 

The technique of functional endoscopic sinus surgery described next is largely based on the concepts and techniques described by Messerklinger and Wigand.

Functional Endoscopic Sinus Surgery: Technique

Extent of Surgery

For certain disease processes, extensive surgery is necessary. These pathologic entities include complicated acute sinusitis, extensive fungal or polyp disease, and tumors. For chronic rhinosinusitis, in general, the philosophy of functional 
endoscopic sinus surgery should be remembered and used. Surgery should be "functional," with mucosal preservation to achieve drainage, healing, and physiologic function. Therefore, rather than surgery on all sinuses for minimal or 
moderate disease, targeted endoscopic surgery is necessary. When sinuses are not involved with disease they should be left alone, especially if it is apparent that their ostia are patent. Aggressive removal of mucosa is not appropriate and will 
create postoperative healing problems. Experience has shown that patients with truly functional targeted surgery do as well or better than patients with more extensive surgery, especially when disease extent on CT is minimal or moderate. 
The preservation of function should be a constant consideration during sinus procedures.

Patient Positioning

The patient is brought to the operating room and placed supine on the operating room table. It may be helpful to have the table reversed to provide adequate legroom under the table and to provide room for the pedals needed for powered 
instrumentation. After the induction of general anesthesia and intubation, or initiation of intravenous sedation, local injection of 1% lidocaine with 1:100,000 epinephrine and placement of the cotton pledgets should proceed as previously 
described. It is helpful to have a small nasal preparation tray with the local injection, bayonet forceps, nasal speculum, and a small cup to soak the cotton pledgets. A headlight is used for visualization of the nasal cavity. A throat pack is 
placed, and care should be taken to have one end come out through the mouth so that it is not inadvertently left in place at the end of the case. A throat or nasopharyngeal pack (in sedation cases) is helpful not only to prevent bleeding into the 
lower airway, but also to help control potential exsanguinating hemorrhage from sphenoid carotid injury. If the patient is under general anesthesia, the eyes should be lubricated and taped shut using half-inch paper tape in a vertical fashion, 
keeping the medial part of the eye clear for observation. After the nasal cavity has been thoroughly anesthetized, the surgeon can scrub and dress for surgery.

A preoperative dose of an antibiotic that covers common sinus pathogens should be considered, particularly if there is an active infection. Often, for patients with chronic infections, the administration of antibiotics is initiated 7 to 10 days 
before surgery to reduce inflammation from infection, which will help with bleeding. A preoperative steroid dose can also help with inflammation, particularly for patients with polyps, chronic disease, or reactive airways.

While the patient is being draped, it is important that the eyes are included within the surgical field. Either a memorial head drape or triangulation of the face with surgical towels is adequate. Putting the patient in slight reverse Trendelenburg 
position and rotating the patient toward the surgeon will help to reduce blood loss and may provide a more comfortable position for the surgeon.

Endoscopic sinus surgery can be performed with the surgeon either sitting or standing. This decision will usually depend on whether the surgeon uses direct visualization through the endoscope or a camera and monitor for visualization. 
Some surgeons use a two-handed technique in which the endoscope is held by an assistant or placed in a holder. It is helpful to have the scrub nurse on the same side as the surgeon with a Mayo stand holding commonly used instruments 
over the patient. When the patient has been draped and all suctions and powered instrumentation have been connected and tested, surgery can proceed.
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Nasal Endoscopy

The first step in endoscopic sinus surgery is a thorough examination of the nasal cavity with the purpose of looking for landmarks and structures. It is important to note the condition of the mucosa, the presence of any polyps or pus, and any 
significant differences from the preoperative examination. Any structural abnormalities seen preoperatively should again be identified. It is also good practice to take a careful look at the CT scan to identify problem areas that need to be 



addressed during surgery and to note any structural abnormalities that may predispose the patient to complications during surgery. Additional injections made to the lateral nasal wall and middle turbinate can also be done at this time.

Uncinate Process

The uncinate process can usually be identified with a 0-degree endoscope passed into the middle meatus ( Figure 53-4 ). It is sometimes necessary to gently rotate the middle turbinate in a medial direction with a Freer elevator. Aggressive 
manipulation of the middle turbinate can lead to fracturing of the skull base and destabilization of the turbinate. The uncinate process is usually crescent shaped. When polyps are present, the posterior free end will often have a rolled edge or 
anterior eversion. A ball-tipped probe is helpful to find the free edge of the uncinate process by sliding it into the infundibulum. An initial incision is made through the uncinate process via the hiatus semilunaris in an axial plane using a 
backbiter punch. This initial incision is made in a horizontal fashion between the inferior one-third and superior two-thirds 

 
Figure 53-4 Left uncinate process and ethmoid bulla. 

 

Figure 53-5 The left ethmoid bulla has been opened to show the lamina papyracea, which forms the lateral wall. The maxillary antrostomy is also seen. 

 

Figure 53-6 The microdébrider is used to create an adhesion between the middle turbinate and the septum to prevent lateralization of the turbinate. 

 

Figure 53-7 A calibrated probe can be useful to identify the anterior wall of the sphenoid sinus. In the average adult, it is approximately 7 cm from the nasal sill at a 30-degree angle. 

 

Figure 53-8 Dissection should be avoided along the medial aspect of the middle turbinate because the roof of the ethmoid may lie higher than the cribriform plate. 



 

Figure 53-9 By gently applying pressure to the globe while visualizing the lamina papyracea, one can identify any dehiscent areas. Protrusion of orbital fat indicates a violation of the orbital periosteum and should raise concern for possible 
orbital trauma. 

 

Figure 53-10 Right complete ethmoidectomy. The maxillary antrostomy and the enlarged ostium to the sphenoid sinus can be seen. 

 

Figure 53-11 An endoscopic septoplasty is started by elevating the septal mucosa. Any deviated cartilage or bone can then be removed; care should be taken to not create a perforation. 

 
 

Box 53-2. COMPLICATIONS OF ENDOSCOPIC SINUS SURGERY

Minor complications 
 
Minor epistaxis 
 
Hyposmia 
 
Adhesions 
 
Headache 
 
Periorbital ecchymosis 
 
Periorbital emphysema 
 
Dental or facial pain 



 
Major complications 
 
Major epistaxis 
 
Orbital hematoma 
 
Diplopia 
 
Blindness 
 
Decreased visual acuity 
 
Intracranial hemorrhage 
 
Cerebrospinal fluid leak 
 
Anosmia 
 
Nasolacrimal trauma 
 
Meningitis 
 
Pneumocephalus 
 
Stroke 
 
Carotid injury 
 

 
 
Hemorrhage

Bleeding can come in several forms depending on the source and the amount of blood loss. Minor bleeding intraoperatively or postoperatively is common and usually requires minimal intervention. Meticulous and careful dissections with 
instruments such as the microdébrider may help to reduce the amount of blood loss. Cases with extensive polyps can routinely be associated with heavier blood loss. Intraoperatively, cotton soaked with an epinephrine solution and sparing 
use of cautery is usually effective to control bleeding. Postoperatively, packing and local cautery are useful, in addition to the administration of topical decongestants.

Major postoperative bleeding is an indication for immediate return to the operating room for exploration. The posterior septal artery below the sphenoid sinus is frequently the cause. Other arteries from the internal maxillary artery into the 
middle turbinate can also cause marked bleeding. Bleeding can be controlled endoscopically in most cases. External procedures or embolization are rarely necessary.

Injury to the carotid artery requires immediate control of hemorrhage and angiography for balloon occlusion.[54] 

Orbital Complications

Orbital complications involve hemorrhage leading to an orbital hematoma or injury to the optic nerve, extraocular muscles, nasolacrimal sac or duct, or lamina papyracea. Prevention begins with preoperative planning and preparation. The 
preoperative CT scan should be reviewed for unusual orbital anatomy before the procedure begins. Intraoperatively, the eyes should be included in the surgical field and should be loosely taped so they can be easily examined. The maxillary 
antrostomy is the key landmark to finding the lamina papyracea, which is always at its superior border. Simultaneous endoscopic viewing of the lateral wall with orbital palpation will show the slightest breech in the lamina papyracea and is a 
useful preventive tool. With any orbital complication, an immediate ophthalmologic consult should be obtained, and intraorbital pressures should be measured. Any intraoperative eye complications should be dealt with during surgery and 
postoperatively. Eye changes of concern include proptosis, pupil changes, orbital hemorrhage, and changes in visual acuity.

Orbital hematomas can have either an arterial or venous etiology. [72] Rapidly expanding hematomas from either the anterior or posterior ethmoidal artery need to be treated aggressively because they can cause sudden changes in the 
intraorbital pressures. Reducing the intraorbital pressure and stopping the bleeding should be done simultaneously. A lateral canthotomy and cantholysis may help to reduce pressures. If the artery has retracted into the orbit, an endoscopic 
orbital decompression with cautery or clipping can be helpful. If this is not possible, an external ethmoidectomy can also be performed to isolate the vessel and decompress the orbit. Other therapies that may help include orbital massage and 
the administration of osmotic agents.

Orbital hematomas that progress slowly probably have a venous source, such as bleeding from the veins lining the lamina papyracea. Although these hematomas do not form quickly and may not be recognized until the patient is in the 
recovery room or home, the same treatments should be applied.

Blindness can be a devastating complication and can have several causes. Blindness from elevated intraorbital pressures will occur after 60 to 90 minutes and probably quicker for acute elevations due to arterial hemorrhage.[64] Blindness can 
also result from injury to the optic nerve in the orbit, within the sphenoid sinus, or within a sphenoethmoidal cell. Treatment should again involve an ophthalmologic consultation in addition to the removal of any packing, the administration 
of steroids, and appropriate orbital decompression, which may include decompression of the optic nerve.



Diplopia is the result of damage to the ocular musculature, most commonly the medial rectus and the superior oblique.[55] Diplopia can be caused by breaching the lamina papyracea and entering the orbit, or by pulling orbital contents through 
a dehiscence into the ethmoid sinus with a microdébrider. It is always important to use the microdébrider tangential to the lamina papyracea. Diplopia caused by injury to the muscle must be treated by an ophthalmologist and generally has a 
poor prognosis.[68] 

The nasolacrimal sac and duct are in close relation the natural ostium of the maxillary sinus, as well as to the anterior ethmoids. To avoid injury, dissection should never be performed anterior to the anterior margin of the middle turbinate. 
Inferior antrostomies should be at least 1 cm posterior to the anterior margin of the middle turbinate to avoid the nasolacrimal duct. Inferior or medial antrostomies should never be opened anteriorly. Occult damage to the nasolacrimal duct 
was probably a common event when antrostomies were opened anteriorly as first described.[8] When patients are symptomatic, a dacryocystorhinostomy may be necessary, which can be performed endoscopically.

Subcutaneous emphysema can result from a small fracture of the lamina papyracea. If the patient is
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given a large amount of positive pressure after being extubated, or if the patient coughs, vomits, or blows his or her nose, air can be trapped into the subcutaneous and orbital tissues. The eyes should be examined for any other complications. 
No treatment is usually necessary, and the problem will resolve in 7 to 10 days.

Intracranial Complications

Penetration of the skull base can occur in any location, but there are several areas that are more prone to injury. Often the fovea ethmoidalis and cribriform plate lie in a lower plane than usual, and any dissection occurring superiorly along 
the medial aspect of the middle turbinate would risk penetration. The bone of the skull base is usually quite hard laterally, in contrast to the medial skull base where it can be thin, particularly in the area posterior to the anterior ethmoid artery.

Fractures of the skull base that result in a CSF leak can be treated intraoperatively if they are discovered. A variety of patches including nasal mucosa, temporalis fascia, fat, muscle, and acellular dermal grafts can be used either individually 
or in combination to help seal the leak. Both overlay and underlay grafting techniques work equally. Fibrin glue is useful to add support and assist healing. If there is a large skull base defect, bone or cartilage is used to bridge the gap and 
prevent the formation of an encephalocele. If there is any concern about brain injury, vessel damage, or defect size, a neurosurgical consultation should be considered.

CSF leaks may not be apparent during surgery or immediately postoperatively due to nasal packing. These delayed leaks can be challenging because it may be difficult to ascertain exactly where the leak is coming from. If endoscopic 
examination does not identify the source, a CT cisternogram or intrathecal injection of fluorescein (off-label use) with endoscopy may be helpful. Small CSF leaks will often close spontaneously without the need for intervention. Surgery 
should be considered for any leak lasting longer than 2 to 3 weeks.

Severe penetration of the skull base can lead to brain injury as well as major hemorrhage from vessel injury. These complications are rare and require immediate neurosurgical intervention.

Results

It is difficult to compare the results of endoscopic sinus surgery due to variations in disease severity, procedures and techniques used, and length of patient follow-up. There are also no prospective studies comparing medical to surgical 
management or comparing techniques used.

Levine[40] reported on 221 patients that were available for a mean long-term follow-up of 17 months. He reported a success rate of 89.7% for relief of sinonasal polyposis and 80.2% for relief of chronic sinusitis. Another report by Smith and 
Brindley[62] reviewed 200 patients with a mean follow-up of 17 months. They found that 88% of patients were symptom free or had improvement in their symptoms. Additional medical therapy was required in 41.5% of the cases. Hoffman 
and others[29] reviewed 114 cases and found that 88% of the patients reported the surgery to be of some overall health benefit. A large number of patients reported improvements in breathing difficulty, nasal congestion, headache, recurrent 
sinus infections, and postnasal drip.

Chronic sinusitis can have a significant impact on quality of life, as reported in a review of 279 patients by Damm and colleagues.[13] Quality of life was restricted by rhinosinusitis in 94% of patients preoperatively, with 74% considering this 
restriction to be severe or intolerable. Postoperatively, 85% of patients had an improvement in quality of life.

Patients that have other comorbidities such as severe allergies, asthma, and aspirin sensitivity have less favorable results, frequently needing revision surgery or continued medical management.[78] [93] Revision surgery should be considered for 
patients with persistent symptoms of chronic or recurrent sinusitis despite long-term medical therapy. The most common causes of surgical failure include residual air cells and adhesions in the ethmoidal area, lateralized middle turbinates, 
recirculation, maxillary ostium stenosis, and frontal sinus stenosis.[57] The rate of revision surgery has been reported at 10%, with a 78% success rate.[38] 

Functional endoscopic sinus surgery is an important treatment for chronic rhinosinusitis. The combination of careful surgical technique and meticulous postoperative care can provide lasting results and improvements in patient health.

EXTERNAL PROCEDURES

Caldwell-Luc Procedure

The Caldwell-Luc procedure has a long history in the treatment of paranasal sinus disease. The technique of creating an opening in the canine fossa with an intranasal antrostomy was described by George Caldwell in 1893 and Henry Luc in 
1897.[83] Until the advent of the endoscope, it was the primary approach used for accessing the maxillary sinus. The creation of an intranasal antrostomy allowed for both dependent drainage of the maxillary sinus and an opening for irrigations 
after closure of the gingivobuccal sulcus incision. The benefits of the Caldwell-Luc procedure, compared with intranasal antrostomy, are better
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visualization of antral disease, removal of all disease, and the creation of a window for permanent drainage.[95] Today, the Caldwell-Luc procedure may be indicated in the management of acute complicated or chronic rhinosinusitis, 
pterygomaxillary space surgery, trauma, foreign bodies, and benign tumors.[5] Combined with an endoscopic approach, the Caldwell-Luc procedure can also be helpful for orbital decompression and removal of inverting papillomas.[58] [87] 



A Caldwell-Luc procedure is usually done with the patient under general anesthetic. The gingivobuccal sulcus is injected with 1% lidocaine with 1:100,000 epinephrine. Cotton pledgets soaked with a vasoconstrictive agent should be placed 
into the nasal cavity.

The incision is made in the gingivobuccal sulcus, above the canine fossa ( Figure 53-12 ). It is important in children that the incision be placed over the secondary dentition. Plain radiographs can help in determining this level. It is also 
important to leave an adequate cuff of tissue on the gingiva to allow for suturing the incision at the end of the case. The incision is carried through the periosteum over the maxillary sinus. The periosteum is then elevated superiorly until the 
infraorbital nerve is identified. A 4-mm osteotome or a drill is used to outline a window into the antrum of the maxillary sinus. The wall of the sinus is generally very thin and can usually be entered with gentle tapping of the osteotome. Once 
a window is opened, a punch forceps or a drill can be used to improve the exposure as needed, taking care not to damage the secondary dentition or the infraorbital nerve.

An intranasal antrostomy can also be created by passing a curved hemostat under the inferior turbinate and into the sinus. This window should be made at least 1 cm posterior to the anterior end of the middle turbinate to avoid damage to the 
nasolacrimal duct. Endoscopic inferior antrostomy allows for localization of the nasolacrimal duct and precise placement 

 
Figure 53-12 A, The incision for a Caldwell-Luc procedure is made in the gingivobuccal sulcus, above the canine fossa. B, An osteotome or drill is used to create a window into the antrum. A nasoantral window can then be created. 

 

Figure 53-13 A, The incision for an external ethmoidectomy is made midway between the medial canthus and the midline of the nose. A gull-wing incision may help reduce postoperative contracture of the medial canthus. B, The anterior 
ethmoidal artery will be found in the frontoethmoid suture line, which is also the superior extent of the dissection. Bone can be removed from the lacrimal fossa and the lamina papyracea to provide additional exposure. 

 

Figure 53-14 A, The incision for a frontoethmoidectomy is curvilinear with extension over the orbital rim. B, Once the inferior wall of the frontal sinus and the lateral wall of ethmoidal complex are exposed, the ethmoids can be entered 
through the lamina papyracea. The inferior wall of the frontal sinus is also opened so that a stent can be placed into the nasal cavity. 

 

Figure 53-15 A, The incision for a frontal sinus trephination is marked in the superomedial aspect of the orbital rim. B, The skin and periosteum are elevated to expose the frontal sinus. C, A drill is used to create the trephination. D, A 
catheter can then be placed to irrigate the sinus. 



 

Figure 53-16 A, A bicoronal flap provides adequate exposure for an osteoplastic flap with frontal sinus obliteration. The sinus is outlined with the help of a 6-foot Caldwell or a computerized navigation system. The periosteum is then 
excised and bone cuts are made to elevate the inferior based flap. B, The mucosal lining of the frontal sinus should be carefully drilled with a diamond burr under magnification. The frontal ostia are plugged with fascia or muscle. 
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Chapter 54 - REVISION ENDOSCOPIC SINUS SURGERY

James N. Palmer 
David W. Kennedy 



INTRODUCTION

Functional endoscopic sinus surgery (FESS) has a high rate of success for primary patients who have medically refractory chronic rhinosinusitis, with multiple authors demonstrating high rates of success for improvement in symptoms. A 
prior study from our own institution[26] demonstrates that even nearly 8 years after surgery, well over 90% of patients report continued improvement in symptoms. However, it should be noted that symptom improvement has a relatively poor 
correlation with disease resolution, and even asymptomatic patients may require long-term endoscopic surveillance and medical management to prevent late recurrence. The patients who have persistent evidence of disease, and especially 
those who do not experience a resolution of symptoms, create a great challenge for the rhinologist. Patients with persistent disease require further care and may ultimately require revision endoscopic sinus surgery. The goal of this chapter is 
to suggest management strategies for this challenging population of patients.

Before consideration of any elective sinus surgical procedure, medical management should be maximized. Chronic rhinosinusitis is primarily a medical disease, with surgery a very useful adjunct to the overall care of the patient. Ensuring 
that medical management has been maximized is particularly important before revision surgery. Management strategies for treatment of postsurgical recurrence revolve initially around examination and confirmation of the correct diagnosis 
followed by maximal medical therapies. Only if this fails should discussion of appropriate revision endoscopic sinus surgery and its attendant needs for preoperative and postoperative care be entertained.

Revision endoscopic sinus surgery is perceived to have a higher complication rate and a lower success rate than primary endoscopic sinus surgery. [8] The reasons for this include the alteration of surgical landmarks as a result of the previous 
surgery as well as the increased tendency for these patients to have nasal polyposis and resultant erosion of normal structures. Thus, often essential landmarks such as the middle turbinate, uncinate process, basal lamella, and lamina 
papyracea may be either removed or drastically altered. The skull base, lamina, and other natural barriers to complications may have been eroded or entered at the prior surgical procedure, increasing the risk that the revision surgeon will 
enter those structures.

The success rates of revision surgery can be affected by multiple factors, probably the most import of which is the underlying cause of the disease. Diseases such as Samter's triad and allergic fungal sinusitis require ongoing medical 
management rather than treatment primarily by surgical intervention. Other factors influencing outcomes of revision surgery include the extent of disease, whether the patient continues smoking or undergoes similar environmental exposures, 
in addition to the presence of scarring and mucosal damage as a result of the original surgery. Finally, revision surgical patients may have developed neoosteogenesis as a result of prior surgery and persistent inflammation, making removal of 
residual bony partitions difficult, or occasionally impossible, without the use of a drill. Despite these issues, many patients will realize a great improvement in symptoms as a result of revision endoscopic sinus surgery, and as long as the 
principles of management of this disease are followed, a high rate of success can be achieved.[10] 

FACTORS LEADING TO REVISION SURGERY

The patient presentations leading to revision surgery can be broken down into two large groups. Most commonly, patients present because of persistent or recurrent symptoms, although a smaller group of patients may present with impending 
complications such as expansile mucoceles or polyps eroding bone adjacent to important structures. Diagnosis of the impending complications category is relatively easy,
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and it is clear that these situations require surgical intervention. The first and larger group, those patients with recurrent symptoms, presents a more difficult diagnostic and management problem if the most appropriate therapeutic intervention 
is to be delivered.

In general, the breadth of symptoms leading to revision endoscopic sinus surgery are similar to the symptoms for the initial diagnosis of chronic sinusitis; however, the threshold for surgical intervention may be higher, particularly if obvious 
local problems are not evident on endoscopic or radiologic examination. Symptoms may include nasal congestion, nasal obstruction, purulent nasal discharge, facial pain/pressure in the setting of additional nasal symptoms, and hyposmia/
anosmia, among others ( Table 54-1 ).

As in the general diagnostic evaluation of chronic rhinosinusitis, it is important to consider the causes of persistent postsurgical disease in terms of environmental factors, general host factors, and local host factors.

Environmental Factors

In general, it is important to take steps to control possible environmental issues before undertaking revision surgery. Environmental factors that lead to recurrent disease are usually due to inhalant exposures, both in the workplace and at 
home.

Cigarette smoking is one of the most commonly implicated exposures that can influence sinus disease. However, in the early postoperative period, smoking has such severe effects that failure to discontinue smoking before surgery can be 
considered a relative contraindication to elective endoscopic sinus surgery. Patients who continue to smoke develop a greater than usual amount of granulation tissue over areas of exposed bone and have a higher incidence of frontal recess 
stenosis. In a long-term follow-up study, smoking  

TABLE 54-1 -- DIAGNOSIS OF CHRONIC RHINOSINUSITIS: MAJOR AND MINOR FACTORS

Major Factors Minor Factors

Facial pain/pressure Headache

Facial congestion/fullness Fatigue

Nasal obstruction/blockage Halitosis

Nasal discharge/purulence/discolored postnasal drainage Dental pain

Hyposmia/anosmia Cough

Purulence in nasal cavity on examination Ear pain/pressure/fullness



Fever  

 
was one of the most significant factors leading to a need for revision surgery.[9] 

Many other inhalant exposures fit into the broad category of allergy. Patients exposed to these inhalants will often wax and wane by season and deserve a complete allergy workup and allergy treatment, if avoidance is not an option. 
Recently, there has been particular attention paid to the role of mold as a possible causative agent for chronic rhinosinusitis. Although the role of mold in majority of cases of chronic rhinosinusitis still requires further evaluation, it does 
appear that in predisposed individuals mold in the mucus may increase mucosal reactivity, and there is no question that the patient with allergic fungal sinusitis is prone to revision surgery. In the latter group of patients, immunotherapy to 
fungal antigens can decrease the need for revision surgery.[13] 

Although fungus has been implicated in all eosinophilic chronic rhinosinusitis, the data is difficult to interpret because healthy control subjects also have fungal spores in their nasal secretions.[22] The high incidence of intranasal mucosal 
spores would also be expected to result in a higher recurrence rate after surgery, if this was truly the most important causative factor.

Emotional stress may also play some role in patients with recurrent sinus disease. Although this issue has not been widely studied, there is one pediatric study that suggests that psychosocial issues may also play a role in recurrent symptoms. 
[4] 

General Host Factors

General host factors are probably the most common reason for postsurgical recurrence. These include reactive airways disease, Samter's triad, and immunodeficiency. Genetic factors also predispose persons towards chronic rhinosinusitis. 
Cystic fibrosis may present with florid manifestations or, in some cases, more subtly in patients whose histories reveal multiple operations for chronic sinusitis. A sweat test or genetic testing should be considered in patients who have had 
multiple surgeries and whose sinus surgery history started before the age of 18 years, even in the absence of other symptoms. Other genetic predispositions may be more subtle. However, with identification of the relationship between the 
ADAM33 gene and asthma,[30] it appears that additional gene mutations may be demonstrated. Immunodeficiency can be hereditary, sporadic, or acquired. Although the precise role of minor selective immunodeficiencies remains unclear, 
immunologic evaluation is a serious consideration in patients with more than one prior surgical procedure. Although surgery may provide symptomatic relief in patients with general host factors underlying their chronic rhinosinusitis, surgery 
clearly will not resolve the disease.

1257

Local Host Factors

Iatragenic Disease

Local causes for failure of the original sinus surgery can be divided between underlying disease and problems with the surgery itself and its attendant postoperative care period (iatrogenic disease).[23] Problems associated with underlying 
disease include persistent or recurrent polyposis or extension of the disease process outside of the original surgical field. It is also important to remember that disease persistence will result in neoosteogenesis, and this may exacerbate 
preexisting obstruction. Iatrogenic disease can result from poor surgical technique, inadequate local management of the cavity postoperatively, or poor postoperative medical care. In general, the problems of the original surgery include 
scarring from mucosal loss, blocked ostia, inappropriately placed surgically created ostia (causing recirculation), and scarring or diseased mucosa due to underlying chronic osteitis. Blocked ostia, although identifiable endoscopically shortly 
after surgical intervention, may not result in symptomatic mucoceles until many years after the original surgery, reinforcing the need for careful endoscopic surveillance postoperatively. Missed ostia sequences and mucus recirculation are 
most often seen in the maxillary sinus and refer to an antrostomy that does not encompass the natural ostium. Mucus can be swept by cilia forces out the natural ostium, and then back into the sinus through the antrostomy, creating a 
recirculating loop that is prone to infection. Osteitis and scarring are most often the result of mucosal stripping and bone exposure at the original procedure, with poor regrowth of functional mucosa.[11] [15] [21] 

Nasal Polyps

Nasal polyps are often linked to a systemic disease but may occur for reasons yet unknown. Samter's triad, allergic fungal sinusitis, and cystic fibrosis are systemic diseases known for causing severe polyposis, even in the setting of correct 
surgical procedures. The inherent mucosal abnormalities of these diseases simply cannot be cured by surgery, although postoperative medical management is helpful. Often the first symptomatic recurrence of polyps is in the frontal recess 
due to the tight nature of this drainage pathway. The patients will often identify frontal headache as the polyps close off the frontal sinus. In some situations, revision surgery is the only option to remove the polyps and relieve symptoms.

Poor Mucus Transport

Abnormalities in cilia function and structure, such as immotile cilia syndrome (Kartagener's syndrome), will give rise to a mechanical inability to sweep secretions from a sinus. Inheritance of this family of disorders is most likely autosomal 
recessive and can occur at almost any point of the cilia, the most common defect in the dynein arms. Immotile cilia and subsequent secretion stasis give rise to chronic recurrent infections in the pool of mucus filling a sinus.

Cystic fibrosis also is an inherited disease that gives rise to poor mucus transport—in this disease it occurs as a result of changes in mucus and is the most common of the inherited defects causing chronic rhinosinusitis that have been 
identified to date. Cystic fibrosis is defined by abnormal electrolyte and water movement across epithelial cell membranes. The abnormal movement of fluid causes inadequate hydration of the mucus secretions and subsequent thickening that 
make the cilia unable to move the mucus in its normal pathways. The mucous plugging that occurs in many sites is thought to give rise to chronic inflammation and subsequent fibrosis.

DIAGNOSIS

To identify the proper diagnosis of the underlying factors involved in recurrent chronic rhinosinusitis, evaluation through careful history, nasal endoscopy, and radiologic imaging is appropriate. Although the primary imaging modality is 
computed tomography (CT),[2] [31] magnetic resonance (MR) is performed as an adjunct when indicated.

History

The initial step in the evaluation of a patient with persistent symptoms is most appropriately a careful evaluation of the indications for the first initial surgical procedure. If the original records and CT scans can be evaluated, they should be 



reviewed. On occasion, patients will be identified for whom the initial CT demonstrated minimal, if any, evidence of chronic inflammation. If in such a case the initial complaint was headache or other uncommon primary symptoms of sinus 
disease, the indications for a further surgical procedure should be carefully reexamined, even if the patient's most recent imaging demonstrates evidence of scarring, fibrosis, and sinus opacification. The surgeon needs to carefully consider 
whether the original complaints were due to the sinusitis and whether the changes now identified are purely incidental to the previous surgery and unrelated to the patient's underlying complaint. Clearly, this is particularly important when the 
original complaint was "sinus headaches" and the presurgery films show little, if any, disease.

After evaluation of the indications for the primary surgery, the surgical technique and the prior postoperative period should be evaluated. Was the surgery a mucosal-preserving operation, were appropriate
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antibiotics and antiinflammatory agents given, and was a careful schedule of postoperative débridement fulfilled? Careful evaluation of the immediate 3-month postoperative period may give clues to some of the underlying causes of disease 
recurrence. Special attention should be taken to discover alternative medical therapies as well in this evaluation period. Patients in this setting are quite likely to pursue other therapies, and the rhinologist should be aware of this possibility. 
The results associated with alternative medical therapies are not well understood, and the use of alternative therapies may complicate subsequent surgical intervention if not recognized preoperatively.

Nasal saline irrigation is often used as a helpful adjunct in the treatment of the recurrent sinusitis patient. However, in general, patients who use nasal irrigation have a higher incidence of gram-negative infections. Accordingly, the source of 
the saline, the method of administration, and the sources of possible cross-contamination should be investigated. In cases where either the solution is not sterile or the administration device not routinely disinfected, there is a concern for 
reintroduction of bacteria, especially pseudomonas. Therefore, it is common to use sterile bottled water or, at minimum, boiled or distilled water to lessen the chance of contamination. The relative advantages and disadvantages of hypertonic 
solutions have not been completely resolved, but it is important 

 
Figure 54-1 Paired images from 0-degree (left) and 70-degree (right) endoscopes. If the surgeon used only a 0-degree endoscope, it is easy to imagine that the adhesion allowing recirculation of mucus in the maxillary sinus would not be 
identified and subsequently addressed. 

 

Figure 54-2 Paired images from 0-degree (left) and 70-degree (right) endoscopes. If the surgeon used only a 0-degree endoscope, it is easy to imagine that any disease in the left infraorbital (Haller) cell would not be addressed. 

 

Figure 54-3 Magnetic resonance (MR) images and computed tomography of patient with a fungus ball in the sphenoid sinus. The heterogeneous mass on the T1 MR image in the left sphenoid drops out on the T2 MR image. The bright areas 
around the fungus ball are from associated inflammation. The lower right view demonstrates gadolinium contrast lighting up the associated mucosal inflammation around the fungus ball. 



 

TABLE 54-2 -- SINUS MRI FINDINGS (SIMPLIFIED)

Scan Tumor Mucocele Fungus Ball Meningocele Encephalocele

T1 Low Variable (brighter as protein rises) Variable Low Low

T2 Low-intermediate Variable (brighter in high-water, low-protein 
fluids)

Variable; often drops out   

    High Low

T1      

••Contrast Solid, central bright Peripheral enhancement Peripheral bright Rim enhancement  

     Low
 
demonstrate decreased resonance on the T2 images. A mucocele will have varying densities based on water content, but will usually be bright on both T1 and T2. Another important role for MR is in a patient with a tumor, in which case it 
enables differentiation of tumor from retained secretions ( Table 54-2 ).

COMPREHENSIVE TREATMENT VIEW

The primary patient with chronic rhinosinusitis should undergo one or more trials of maximal medical management before a decision is made about FESS, as described by multiple authors ( Figure 54-4 ). After surgery, the patient enters the 
intensive postoperative period with the goal of providing not just symptomatic relief but also an endoscopically stable cavity, thereby reducing the chances of any revision surgery by means of endoscopic surveillance and appropriate medical 
treatment. Patients with recurrent disease after prior surgical intervention deserve careful diagnostic evaluation of the underlying factors as outlined in the previous section. Following this, the patient may be returned to more focused and 
specific medical management, attuned specifically to the defects/problems that were identified on the diagnostic evaluation. Unless there are clearly identifiable local problems in the cavity, the possibility of further surgery is only entertained 
after appropriate medical treatment 

 
Figure 54-4 Algorithm for management of patients with recurrent chronic rhinosinusitis after FESS. 



 

Figure 54-5 Summary of medical treatment options in patients with recurrent chronic rhinosinusitis after FESS. 

 

TABLE 54-3 -- PREOPERATIVE CT EVALUATION

Site Evaluation

Skull base Slope, height, erosions, areas of relative thickening and thinning

Medial orbital wall Integrity, erosion, shape, infundibular size, and uncinate position

Ethmoid vessels Position of anterior and posterior ethmoid vessels relative to skull base

Posterior ethmoid Vertical height, presence of sphenoethmoidal (Onodi) cell

Maxillary sinus medial wall Infraorbital ethmoid cells, accessory ostia

Sphenoid sinus Relative sizes, position of intersinus septum, relationship to carotid arteries, optic nerves

Frontal recess and frontal sinus Frontal sinus pneumatization, frontal recess size, agger nasi and supraorbital ethmoid pneumatization, frontal sinus drainage
 
remnant of the middle turbinate and the superior turbinate. Indeed, in some cases, the only turbinate landmarks left are the superior attachment of the inferior turbinate, the posterior attachment of the middle turbinate, and the superior 
turbinate.[19] Accordingly, the turbinate should be used as a landmark only with significant caution in a revision surgical procedure. The primary landmarks in revision surgery should remain the roof of the maxillary sinus, the medial orbital 
wall, and the skull base, and these landmarks should be carefully identified.

Surgical Steps

Particularly in revision surgery, the surgeon will need to work from "known" to "unknown." Once the middle turbinate is medialized and the uncinate removed in its entirety, the maxillary sinus should be addressed. The posterior and 
superior walls of the sinus can then be used as landmarks for further surgery. The medial orbital wall is then identified and provides the next critical landmark. Failure to identify the medial orbital wall early can lead to dissection in the 
medial part of the ethmoid cavity, where the skullbase is both thin and downsloping, at a point in the surgery at which adequate visualization of the anatomy has not been achieved.

The ethmoid sinus is in close proximity to the other three paranasal sinuses, and most revision sinus surgery includes a complete ethmoidectomy to allow access to each diseased sinus. In primary chronic rhinosinusitis, surgery is focused to 
areas of disease; in revision surgery, the goal is to create a marsupialized cavity lined by healthy, intact mucosa. Ethmoidectomy is most safely performed with a 0-degree telescope, and microdébrider or straight and 45-degree through-
cutting forceps. As in primary sinus surgery, we advocate dissection low in an anterior-to-posterior direction, across the basal lamella to the sphenoid face, and then identification of the skull
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base in the posterior ethmoid or sphenoid sinus followed by completing the dissection from posterior to anterior. In revision surgery, after positive identification of the medial orbital wall, the skull base provides the second critical landmark 
and must be identified carefully.

Some of the more common findings within the ethmoid sinus during revision surgery are a lateralized middle turbinate, retained uncinate process, failure to remove the uncinate superiorly (persistent recessus terminalis), and residual agger 
nasi cells. Careful attention to bony lamellar remnants, the use of through-cut forceps, and the use of a microdébrider helps achieve resection of disease while leaving a mucosal-lined cavity.

SINUS-SPECIFIC SURGICAL ISSUES

Maxillary



The common problems that are encountered with a diseased maxillary sinus have been categorized in many different ways; we cluster them into five large categories[20] [24] ( Table 54-4 ). The categories include recirculation, infection draining 
into the maxillary sinus from elsewhere, retained foreign body (including infected dental work), failure of mucociliary transport, 

 
Figure 54-6 These endoscopic views of the right middle meatus through a 0-degree telescope demonstrate recirculation of infected secretions. Normal mucociliary flow sweeps contents from the maxillary sinus out the surgically enlarged 
maxillary sinus ostium. In this case (left), secretions reenter the maxillary sinus through a patent antral nasal window. As these secretions continue to recirculate, they are prone to become infected. The right panel depicts structures 
immediately after the patient is suctioned. The star denotes the surgically enlarged maxillary sinus ostium and the thick arrow the nasal antral window. Secretions are rotating around a previously amputated inferior turbinate. 

 

TABLE 54-4 -- CATEGORIES OF RECURRENT MAXILLARY SINUS DISEASE THAT HAVE REVISION SURGICAL IMPLICATIONS

1. Residual uncinate process

2. Scarring at the anterior maxillary sinus ostium

3. Recirculation of mucus

4. Retained desiccated pus or foreign body

5. Infection from other sinuses draining into maxillary sinus

(Modified from Richtsmeier WJ: Laryngoscope 111:1952–1956, 2001.)
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region. Careful attention to detail, along with use of a backbiter is required to remove the offending tissue.

A diseased residual infraorbital cell (Haller), even when opened, may have residual osteitic partitions, creating persistent localized mucosal hypertrophy. Occasionally, when such bony partitions are clearly a cause of localized persistent 
disease, and they are inaccessible from the intranasal route, a limited sublabial approach may be indicated for their removal.

Careful examination of the sinus floor should be performed for retained foreign bodies, such as inspissated concretions, dental filling material, or a bone chip. Where such disease is inaccessible through a wide middle meatal antrostomy, 
consideration can be given to augmenting access with sublabial maxillary sinoscopy using a trocar. Although concretions on the sinus floor cannot be removed with the trocar, the trocar can be used as a spoon with the endoscope inside its 
lumen to elevate inspissated material toward the middle meatus, allowing it to be removed through the transnasal route. Occasionally, a limited Caldwell-Luc approach is required ( Figure 54-7 ).

Failure of mucociliary transport usually results from systemic disease, such as cystic fibrosis or Kartagener's syndrome, and is identified by history and laboratory studies. In those situations, often the best treatment is a "megaostium" (i.e., 
one that encompasses most of the lateral wall of the maxillary sinus).

 
Figure 54-7 Computed tomography scan of a patient with left-sided intractable pain after endoscopic sinus surgery. The open arrow denotes an area of osteoneogenesis, most likely from stripping the bone at the original sinus surgery. The 
solid area depicts a foreign body in the inferior portion of the maxillary sinus, most likely a bone chip from previous surgery. This bone served as a nidus for recurrent infection, and once removed through a Caldwell-Luc approach, the pain 
and recurrent infection ceased. 



 

Figure 54-8 Computed tomography (CT) scan of a patient who did not have any postoperative care after endoscopic ethmoidectomy. The subsequent mucocele formation caused mild proptosis. The CT scan on the right is at 1 year 
postoperative from drainage of the mucocele. 

 

Figure 54-9 Patient status post-endoscopic ethmoidectomy presented with an encephalocele that was not diagnosed secondary to an endoscopic appearance similar to nasal polyposis. The preoperative computed tomography (CT) scan is on 
the left, and the CT scan 6 months after endoscopic repair with a bone graft is shown on the right. 

 

TABLE 54-5 -- POSSIBLE COMPLICATIONS OF SPHENOID SINUS SURGERY

Complication Associated Structure

Vascular hemorrhage Posterior ethmoid artery, internal carotid artery, cavernous sinus, sphenopalatine artery

Hematoma Retrobulbar

Intra-cerebral injury Cerebrospinal fluid leak, meningitis, cerebritis, abcess, brain injury, pituitary trauma

Fistula Cavernous sinus: carotid artery

Cranial nerve injury Optic nerve: blindness, pupillary defects

 Occulomotor nerve (III): diplopia, pupillary defects



 Trochlear nerve (IV): diplopia, pupillary defects

 Abducens nerve (VI): diplopia, pupillary defects

 Trigeminal nerve (V1 Vx ): facial numbness

 
 
Figure 54-10 Cross-sectional anatomy of the sphenoid sinus and associated vital structures. 

 

Figure 54-11 Intraoperative image from endoscopic sphenoethmoidectomy in Figure 54-3 . The remains of the fungal ball can be seen in the endoscopic image, as well as the associated inflammation. After removal, the patient had complete 
relief of symptoms with an uneventful postoperative period. 

 

Figure 54-12 Endoscopic view with image-guided surgery of chronic sphenoid sinusitis. A drill was required to open the sphenoid on account of the extreme neoosteogenesis. 

 

TABLE 54-6 -- SURGICAL STEPWISE APPROACH TO FRONTAL SINUS DISEASE

1. Endoscopic frontal sinusotomy (Draft I, Draf IIA)

2. Frontal sinus rescue (Draf IIB)



3. Above-and-below approach (endoscopic and trephine)

4. Endoscopic transseptal frontal sinusotomy (Draf III)

5. Above-and-below approach (endoscopic or osteoplastic)

6. Frontal sinus obliteration
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from the frontal sinus into the ethmoid cavity. By following this pathway in multiple planes, the surgeon can identify which cell wall can and should be removed to complete a frontal recess dissection. The sagittal view is often the most 
useful for planning appropriate removal of cells.

Revision endoscopic frontal recess dissection also requires a high level of experience in endoscopic techniques. The deflected views of the endoscopes required for satisfactory work in this area (45 and 70 degrees) can be disorienting for the 
novice surgeon. In addition to the appropriately angled endoscopes, it is important that the surgeon both be familiar with and have available the broad range of angulated through-cut punches and curettes that are needed to address disease in 
this tight and complicated anatomic region[25] [29] ( Table 54-7 and Table 54-8 ).

Frontal Recess Dissection

The initial step in frontal recess dissection involves identification of the appropriate boundaries and the drainage pathway of the frontal recess on CT scan, as well as correlation of this anatomy with the endoscopic view through a 45- or 70-
degree telescope. A fine malleable probe can be very helpful in locating the access to the frontal sinus. Once the inferior wall of the agger nasi cell is identified, it can be resected ( Figure 54-13 ) by sliding a 90-degree frontal sinus curette 
between the skullbase and the posterior  

TABLE 54-7 -- CELLS AND STRUCTURES IMPORTANT IN FRONTAL RECESS DISEASE

Agger nasi cell

Supraorbital ethmoid cell

Frontal cells of types I through IV

Interfrontal sinus septal cell

Suprabullar cell

Frontalbullar cell

Recessus terminalis
 
 

TABLE 54-8 -- BOUNDARIES OF THE FRONTAL RECESS

Medial Superior attachment of the middle turbinate

Lateral Lamina papyracea

Superior Internal os of the frontal sinus

Anterior Posterior buttress nasal spine—nasofrontal "beak"

Posterior Superior extension of the ethmoid bulla and skull base

Inferior Nasal communication of the frontal recess
 
 
Figure 54-13 Three-dimensional computed tomography image of a patient with recurrent frontal sinusitis from residual agger nasi cell cap adherent to the superior attachment of the ethmoid bulla, causing stasis and mucocele. The 
endoscopic view in the bottom right panel depicts appropriate findings after frontal recess dissection. Notice the mucosa of the frontal recess is intact, and note the excellent view afforded by the 70-degree telescope. The crosshairs denote 
placement of the probe at the posterior portion of the frontal recess. 



 

Figure 54-14 Three-dimensional computed tomography image of a patient with multiple recess cells and structures. The sagittal view demonstrates both a frontal bullar cell and a suprbullar cell, whereas the axial image demonstrates an 
interfrontal sinus septal cell, a supraorbital ethmoid cell, as well as an agger nasi cell and a type I frontal cell. The endoscopic view demonstrates the image-guided probe at the top of an agger nasi cell cap. 

 

Figure 54-15 A patient with recurrent frontal sinusitis after endoscopic sinus surgery including amputation of the middle turbinate. T1- and T2-weighted magnetic resonance images (top left and right, respectively) are consistent with 
mucocele. The bottom left image is an intraoperative photograph of the mucoperiosteal flap advancement onto the skull base medially (FSR). The bottom left endoscopic photograph (70-degree telescope) demonstrates a patent ostium at 1.5 
years, with no symptoms. 



 

Figure 54-16 Schematic of various external sinus approaches. A, Reidel procedure: removal of the anterior wall of the frontal sinus and the frontal sinus floor. B, Lynch procedure: removal of the frontal sinus floor, lamina papyracea, and 
associated ethmoid air cells. C, Killian procedure: combination of the Reidel and Lynch procedures, with preservation of a small supraorbital bony rim. D, Osteoplastic flap: the anterior wall is hinged inferiorly with periostium and then 
returned to position and held in place with miniplates or sutures. 

 

TABLE 54-9 -- OPEN FRONTAL SINUS APPROACHES

Approach Walls Resected Comments

Reidel Complete removal anterior wall frontal sinus Forehead concavity; good for small frontal sinus when osteoplastic flap cannot be raised and in cases of anterior table osteomyelitis

Lynch Floor of frontal sinus, portions of lamina papyracea, ethmoidectomy Removes lateral bony wall allowing the orbit to prolapse medially; does not provide easy access to the natural ostium (typically 
medially)

Killian Frontal sinus floor and anterior wall (preservation of supraorbital ridge); 
ethmoidectomy

Forehead deformity, easier reconstruction than Riedel; same problems as Lynch

Osteoplastic Anterior wall frontal sinus based inferiorly retracted and replaced with 
periosteum intact

Large incisions, excellent exposure, and mucosal preservation without obliteration may be possible; obliteration failure rates 
increase over time (up to 25%) and postobliteration imaging is unreliable

 
anterior table. In a small sinus, the cosmetic deformity from collapse can be mild and might not even require correction. However, when cosmetic reconstruction is required after a frontal sinus procedure for sinusitis, the reconstruction is 
typically delayed for 6 months to ensure that the infection has resolved and to reduce the chances of infection of the implanted material.

The most common external frontal sinus approach remains the osteoplastic flap.[28] Standard approaches
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include coronal, brow, and mid-forehead incisions. Two osteoplastic options can be considered: either obliteration of the sinus or removal of a lesion in a mucosal-sparing fashion combined with subsequent endoscopic frontal recess 
dissection to reestablish drainage into the frontal sinus. When combined with an endoscopic approach from below, the latter is the ultimate in "above-and-below" approaches to frontal sinus disease and has the advantage of permitting both 
endoscopic and CT evaluation for recurrent disease postoperatively. On the other hand, it requires both significant mucosal preservation in the region of the frontal recess and a widely open recess. Because of the ability to follow up the 
patient's status, this approach is best in cases of tumors, such as inverting papilloma with frontal sinus involvement.

Frontal sinus obliteration is a reasonable consideration when either the frontal recess is small or the disease is diffuse. However, it requires careful drilling of all the mucosa in the frontal and supraorbital ethmoid cells, typically under 
magnification, to minimize the chance of recurrence. Frontal sinus obliteration with fat has the advantage of being easy to remove should it become infected and should reexploration be required. Although, if symptoms persist, CT and MRI 
each only provide very limited information in the obliterated frontal sinus; obliteration with fat is generally preferable to other materials such as bone chips, hydroxyapatite, methylmethacrylate, or bioactive glass because these are more 
difficult to remove when reexploration is necessary. In general, frontal sinus obliteration should be performed rarely as a result of the ever-increasing reported success rates of endoscopic approaches.



Middle Turbinate Stabilization

At the end of the procedure, attention should be directed toward the middle turbinate to help ensure a good postoperative result. A floppy middle turbinate should be stabilized; frequently this is done with a controlled scar to the nasal septum. 
Both the medial aspect of the middle turbinate and the apposing septum are scratched with a sickle knife or other instrument, and temporary packing or spacing is used to hold the turbinate medially. At 1 month or more in the postoperative 
period, the adhesions between the septum and middle turbinate may be lysed to return the middle turbinate to its normal profile. Other options to stabilize/prevent a lateralized middle turbinate include suturing the turbinate to the septum with 
an absorbable suture or amputation of the middle turbinate. Routine amputation or resection of the middle turbinate is not recommended because it alters whatever is left of normal physiologic actions of the turbinate and because the stump 
often still lateralizes and causes iatrogenic frontal sinus disease.

POSTOPERATIVE MEDICAL MANAGEMENT AND DÉBRIDEMENT

Postoperative medical management and postoperative débridement in a revision sinus surgery patient differ little from those of the primary sinus surgery, but because the disease is often more severe and well established, this intervention will 
likely need to be more intensive if disease control is to be achieved. Medical therapy in the postoperative period includes antibiotic coverage instituted in the operating room and preferably should be culture directed. There is evidence that 
the underlying bone is be involved in the inflammatory process, and based on this and long-term endoscopic evaluations, long-term broad-spectrum antibiotic coverage may be indicated. In many revision patients where there is significant 
bony change and pseudomonas is not present, a combination of clindamycin and trimethoprimsulfamethoxazole is a consideration for treatment. In cases of pseudomonas, prolonged oral and sometimes IV coverage is required based on 
culture sensitivities. At any point in the postoperative period, if the inflammation increases and pus is seen, the cavity is recultured and appropriate antibiotics are instituted.

All patients are administered long-term topical steroid sprays to minimize postoperative edema, to reduce the need for oral steroid use, and to decrease the potential for late recurrence. The most common site for disease persistence and 
recurrence remains the frontal recess. Therefore, multiple ways have been described to increase topical steroid deposition to this area. The Moffat head-down position, or the Mygind head-hanging in hyperextension are two positions in 
common use. An alternative approach may allow the patient to maintain the position and hold the spray in the nose for a longer period. The patient is instructed to place a couple of large pillows on the bed, spray the nose while sitting, and 
then roll over, lying prone with the head alongside the pillows with the neck flexed and the forehead dependent. This relatively comfortable position (Kennedy position) can be maintained for at least 5 minutes. Any oral steroid 
administration begun in the preoperative setting is slowly tapered based on the endoscopic appearance of the mucosa over days to weeks, but in severe disease the course may need to be prolonged or even slowly reduced to an alternate-day, 
low-dose maintenance regimen.

Patients are instructed to use saline spray frequently in the postoperative period and may be instructed to irrigate the nose with a saline solution, either with a bulb syringe or water pic. Meticulous attention must be paid to cleaning and 
aseptic technique to prevent
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the introduction of gram-negative organisms. Attention to sterile technique becomes even more important if the irrigations are started in the early postoperative period. An antibiotic may be added to the saline solution, either in Wilson's 
solution (80 mg gentamicin in 1 L normal saline) or mucopirocin (7.5 mg Mucopirocin in 1 L normal saline). Multiple topical preparations of antifungal medications have been tried including nystatin, amphotericin B, and itraconazole. The 
administration of topical antifungal medications seems rational in the case of fungal sinusitis, but the data on efficacy is difficult to interpret.

Débridement begins at postoperative day 1, when packs can be removed, and the cavity is suctioned. Débridement should initially be performed weekly and then as necessary until the entire cavity is healed, all exposed bone is mucosalized, 
and the mucosa itself has stabilized. This can be a labor-intensive process that requires both topical analgesia and, frequently, an oral narcotic/analgesic. Any persistent exposed bone is removed, crusts are cleaned, and any pools of blood 
clots or mucus are suctioned from the cavity. Any cells not removed at surgery and discovered in the postoperative period can be exenterated at this time. Areas of possible stenosis, scarring, or synechiae are lysed and removed with through-
cut forceps. Such visits may take as long as 30 minutes, and the surgeon can feel he or she is "doing the surgery again." The tendency to form scarring slowly decreases as the inflammation decreases with medical management. However, 
scarring of the frontal recess, sphenoid sinus, or maxillary antrostomy may require additional office management, using both topical anesthesia and local infiltration. In the office setting, local anesthesia can be achieved using 1% lidocaine 
(Xylocaine) with 1:100,000 adrenaline administered with a long, 27-gauge needle attached to a tuberculin syringe. The needle can be bent to allow infiltration directly at the site. More posterior, an angled tonsil needle or spinal needle can be 
used.

Long-term follow-up and medical management are required for patients who undergo revision. Because patients who have had surgery—in particular, revision sinus surgery—are at risk for persistence of disease, and persistent disease is 
frequently asymptomatic in the early postoperative period, the critical factor guiding care is the appearance of the cavity on nasal endoscopy rather than patient symptoms. The postoperative care period for a revision patient can easily last at 
least 1 year with a decreasing frequency of visits, but in severe disease frequently it is even more prolonged. Over this period, the patient may require multiple courses of oral steroids and culture-directed antibiotics. The occurrence of a viral 
upper respiratory infection during this period may require additional attention, with either prophylactic antibiotic coverage or a short course of oral steroids to manage the hyperreactive mucosa. However, over time, the mucosa typically 
stabilizes and returns to normal function. Symptoms should be monitored closely. Pain and pressure in the postsurgical period are uncommon and should cause further investigation, especially because they are signs of persistent infection and 
inflammation. Postnasal discharge is common, resolving slowly and sometimes incompletely. Loss of olfaction is a sensitive indicator of return of disease and is an indication for repeat endoscopic evaluation.

Patients undergoing revision surgery may require endoscopic follow-up for years if a stable cavity is not obtained. It is easier and more effective to intervene earlier in the disease process with débridement, steroids, and antibiotics than to 
wait until the patient requires another revision surgery for removal of hyperplastic or polypoid disease. In the setting of well-performed surgery and return of symptoms, especially loss of olfaction or nasal congestion, antiinflammatory 
treatments are often best. In all situations, the goal is to minimize oral steroid therapy and replace it with a combination of topical and mechanical treatments whenever possible. Reimaging with a CT scan is not typically required assuming 
that a nicely patent cavity is achieved. However, repeat CT can be of benefit to evaluate whether any cells were missed in the original surgeries or whether frontal stenosis reoccurs.

CONCLUSION

Patients with recurrent chronic sinusitis after prior surgical intervention pose a particular challenge to the rhinologist. Establishing a correct diagnosis is the first step and requires both review of the original presurgical imaging and symptoms 
as well as reevaluation for environmental, general host, and local host factors that may have led to failure. Because chronic rhinosinusitis is primarily a medical disease, revision endoscopic sinus surgery is reserved until intensive medical 
management has been performed.

Diagnostic evaluation should include both meticulous endoscopic evaluation and appropriate radiologic studies. CT will typically be required in both the coronal and axial planes, and this may well be best performed using a computer-



assisted surgical navigation protocol so as to avoid a second radiation exposure and to allow visualization in the coronal plane.

Once the decision to undergo surgery is made, further aggressive preoperative medical management of the surgical bed is required to minimize bleeding and mucosal hyperreactivity before surgery. Both the patient and the physician need to 
comprehend that a
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rigorous and prolonged schedule of postoperative care and débridements can be required after revision surgical intervention. The surgeon needs to be aware that bony thickening will likely be present and make the dissection significantly 
more difficult than in the primary case. At surgery, mucosal-sparing techniques are used, but a complete careful surgical dissection is frequently performed. Medical management and endoscopic surveillance is continued postoperatively until 
a stable cavity is achieved.
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Chapter 55 - CEREBROSPINAL FLUID RHINORRHEA

Martin J. Citardi 

INTRODUCTION

Cerebrospinal fluid (CSF) rhinorrhea results from a direct communication between the CSF-containing subarachnoid space and the mucosalized space of the paranasal sinuses. Because it serves as a path for the spread of bacterial pathogens 
and other microorganisms, CSF rhinorrhea may lead to meningitis and intracranial infections, which carry significant morbidity even today. In addition, the skull base defect through which CSF drains may provide a route for the 
development of pneumocephalus and secondary brain compression. Although CSF rhinorrhea is a simple concept, its diagnosis and localization may be problematic; fortunately, contemporary strategies now provide a more direct means of 
diagnosis and localization. Over the past one to two decades, the optimal treatment strategy has undergone significant evolution as minimally invasive, endoscopic techniques have gained acceptance and supplanted more traditional 
techniques, which require external incisions and/or craniotomy.

HISTORICAL PERSPECTIVE

CSF rhinorrhea was first reported in the 17th century.[1] In the early 20th century, Dandy[9] reported the first successful repair, which used a bifrontal craniotomy for placement of a fascia lata graft. Although this surgical strategy provided 
direct access for the repair, reported failure rates were quite high, and the procedure entailed the morbidity of craniotomy. In fact, reported recurrence rates were as high as 27%, and in one series, only 60% of leaks were successfully repaired.
[32] 

Extracranial approaches were introduced in the mid-20th century. In 1948, Dohlman[10] presented a patient whose CSF leak was repaired through a standard nasoorbital incision. Several years later, Hirsh[14] reported the successful closure of 
two sphenoid sinus CSF leaks through a pure endonasal approach. In 1964, Vrabec and Hallberg[48] described the repair of a cribriform defect through the endonasal route. All these endonasal procedures were completed before the advent of 
surgical nasal endoscopy.

Endoscopic approaches were introduced and popularized in the 1980s and early 1990s. Both Wigand[49] and Stankewicz [43] described closure of incidental CSF leaks during endoscopic sinus surgery. In 1989, Papay[32] and others introduced 
rigid transnasal endoscopy for the endonasal repair of CSF rhinorrhea, and in 1990, Mattox and Kennedy[25] presented another series of cases in which the CSF rhinorrhea was addressed endonasally. Since then, numerous series have been 
published,[16] [22] [40] and endoscopic repair has emerged as a mainstay of surgical management.[39] 

CLASSIFICATION

Table 55-1 summarizes a classification system for all cases of CSF rhinorrhea. This approach is based on the established pathophysiology of CSF rhinorrhea and has important clinical implications for the selection of treatment strategies and 
patient counseling about prognosis.

The importance of accurate classification was first recognized by Ommaya and others,[30] who proposed dividing CSF rhinorrhea into the classes of traumatic leaks and nontraumatic leaks. These authors thought the application of the term 
"spontaneous" to cases of CSF rhinorrhea was inappropriate, because appropriate investigations of all cases of CSF rhinorrhea reveal the true proximate cause. Because most causes of so-called spontaneous rhinorrhea have a specific 
etiology, the term "spontaneous" is probably best reserved for cases of true idiopathic CSF rhinorrhea in which various investigations cannot determine a specific cause.

Data about the incidence of CSF rhinorrhea are sparse. Most CSF rhinorrhea results from trauma, including complications from surgery. Approximately 80% of all CSF rhinorrhea occurs in the setting of accidental trauma, although CSF 
rhinorrhea is noted in only 2% to 3% of cases of serious head trauma.[23] Of all CSF leaks, only 4% are nontraumatic, and 16% occur as a direct result of intracranial and extracranial procedures.[23] 
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TABLE 55-1 -- CSF RHINORRHEA CLASSIFICATION



•I. Traumatic

••••A. Accidental

•••••••1. Immediate

•••••••2. Delayed

••••B. Surgical

•••••••1. Complication of neurosurgical procedures

••••••••••a. Transsphenoidal hypophysectomy

••••••••••b. Frontal craniotomy

••••••••••c. Other skull base procedures

•••••••2. Complication of rhinologic procedures

••••••••••a. Sinus surgery

••••••••••b. Septoplasty

••••••••••c. Other combined skull base procedures

II. Nontraumatic

••••A. Elevated intracranial pressure

•••••••1. Intracranial neoplasm

•••••••2. Hydrocephalus

••••••••••a. Noncommunicating

••••••••••b. Obstructive

•••••••3. Benign intracranial hypertension

••••B. Normal intracranial pressure

•••••••1. Congenital anomaly

•••••••2. Skull base neoplasm

••••••••••a. Nasopharyngeal carcinoma

••••••••••b. Sinonasal malignancy

•••••••3. Skull base erosive process

••••••••••a. Sinus mucocele

••••••••••b. Osteomyelitis

•••••••4. Idiopathic
 
PATHOPHYSIOLOGY

CSF is produced by the choroid plexus in the ventricles at a rate of 20 mL/hour in adults. The CSF circulates from the ventricles through the foramina of Luschka and Magendie to the subarachnoid spaces around the cerebral hemispheres, 
cerebellum, and spine. Total CSF volume is 140 mL, including 20 mL in the ventricles, 50 mL in the intracranial subarachnoid space, and 70 mL in the paraspinal subarachnoid space. The typical upper limit of normal CSF pressure ranges 
from 40 mm H2 O in infants to 140 mm H2 O in adults. CSF pressure fluctuates with respirations and arterial pulse pressures and with changes in head position. CSF pressure is maintained by a relative balance between CSF secretion (from 
the choroid plexus) and CSF resorption (by the arachnoid villi). Because CSF secretion occurs at a steady rate, the rate of CSF resorption plays the major role in determining CSF pressure. [20] Processes that disrupt CSF resorption will tend to 
lead to increased intracranial pressure (ICP).

The presence of active CSF rhinorrhea requires a disruption of the barriers that normally separate the contents of the subarachnoid space from the nose and paranasal sinuses; that is, the leak incorporates defects of the arachnoid and dura 
mater, paranasal sinus mucosa, and the intervening bone. Furthermore, a pressure gradient is also required to produce flow of CSF.

From these apparent observations, the possible etiologies for CSF leaks might be inferred. Various surgical interventions, including routine sinus surgery, may lead to inadvertent disruption of the skull base. Complex intracranial and skull 
base procedures often directly violate the normally sturdy barrier; however, reconstitution of that barrier may be incomplete. Severe head trauma may lead to skull base fractures with dural laceration. Direct erosion of the skull base by 
neoplasm or infection may also create a CSF fistula.

The other major factor in the pathogenesis of CSF rhinorrhea is increased ICP. Both an intracranial mass and hydrocephalus are associated with elevated ICP. Strong coughing and the Valsalva maneuver both serve to increase ICP. An 
important factor in cases of apparent idiopathic CSF rhinorrhea is elevated intracranial hypertension. Schlosser and others[38] have noted that in their series, all 10 patients who underwent lumbar puncture for the evaluation of headache after 
successful endoscopic repair of nontraumatic CSF rhinorrhea had elevated ICP (mean, 26.5 mm H2 O), suggesting that occult ICP might be an etiologic factor in even so-called idiopathic CSF rhinorrhea. In patients with occult elevated CSF 
pressure, the CSF leak may serve as a release valve that decompresses the elevated pressure. (It is important to remember that if the patient is actively leaking CSF at the time of lumbar puncture, the opening pressure may be normal, because 



the leak has decompressed the ICP. Thus, the increased pressure may only be apparent after a site of leakage has been surgically repaired.)

In a separate publication, Schlosser and others[37] assessed the incidence of an empty sella in 15 patients with nontraumatic CSF rhinorrhea and 9 patients with nonspontaneous rhinorrhea and noted a statistically significant (P = .01) greater 
incidence of empty sella in the nontraumatic CSF leak group (100% vs 11%). In this way, an empty sella serves as a marker of elevated intracranial pressure.[36] Normally, the pituitary gland fills the entire sella turcica; however, if the dura 
herniates through the sellar diaphragm, this sac of dura might partially or completely compress the pituitary gland. When this occurs, an "empty sella" results. Clinical manifestations of the empty sella syndrome (ESS) include headache, 
memory loss, cerebellar ataxia, papilledema, and visual field defects. Many ESS patients are obese women. Because ESS is associated
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with altered CSF circulation dynamics,[5] treatment of nontraumatic CSF rhinorrhea, which has a demonstrated association with ESS, should include consideration of the diagnosis of ESS and the potential clinical impact of ESS.

In at least certain instances, nontraumatic CSF rhinorrhea seems to result from abnormally elevated ICP. Because elevated ICP is a primary characteristic of benign intracranial hypertension (BIH), the pathophysiology of nontraumatic CSF 
rhinorrhea and BIH may be similar. BIH, also known as idiopathic intracranial hypertension and pseudotumor cerebri, is a syndrome of increased ICP in the absence of specific causes such as intracranial masses, hydrocephalus, and dural 
sinus thrombosis. Clinical manifestations of BIH include headache, papilledema, and even abducens nerve palsy. Most BIH patients are obese, middle-aged women. In fact, the demographics of the spontaneous CSF leak populations are 
quite similar to those of the average BIH patient population.[2] Thus, the diagnosis of BIH must be examined in the setting of spontaneous CSF rhinorrhea.

These associations between nontraumatic CSF rhinorrhea, BIH, and ESS have important clinical implications, because these three entities may all be manifestations of the same underlying pathophysiologic derangement that leads to elevated 
ICP and elevated CSF pressures. Persistent headache after successful surgical repair may indicate occult ICP hypertension. Similarly, recurrent or persistent rhinorrhea may represent decompression of abnormally high ICP. Thus, the issue of 
abnormal CSF dynamics should be considered in instances of cases of apparently idiopathic CSF rhinorrhea.

The bony architecture of the skull base also plays a role in the development of CSF rhinorrhea. Certainly, bony dehiscences or even partial thinning may weakens the normal barrier that separates the subarachnoid space from the sinus space. 
Such weaknesses of the skull base may result from the development of extensive paranasal pneumatization, although this may not necessarily be so. Alternately, these weaknesses can be considered congenital anomalies. In addition, specific 
areas of the skull base are normally quite thin.

In particular, the lateral lamellar of the cribriform plate (LLCP) has been well recognized as an area of potential weakness ( Figure 55-1 ). The length of the LLCP shows considerable variation; if the LLCP is especially long, a significant 
portion of the skull base is weakened by this anatomic variation. In all instances of thinning of the bony skull base, the pressure from the overlying intracranial contents coupled with constant dural pulsations may further erode the weakened 
area, with the resultant development of CSF rhinorrhea.

 
Figure 55-1 The lateral lamella of the cribriform plate (indicated by an arrow in this coronal sinus CT) forms the weakest part of the skull base. The length of the lateral lamella is quite variable. In this example, it is quite long; hence, the 
skull base is at increased risk of inadvertent injury. 

 

Figure 55-2 Middle turbinate resection might result in inadvertent skull base trauma and CSF leak. In this screen capture from a surgical navigation system (obtained during repair of bilateral CSF leaks), the instrument tip rests on the 
anterior skull base defect. The coronal sinus CT shows bony loss of the skull base and middle turbinate on both the left and right sides. 



 

Figure 55-3 A CSF leak on CT cisternography is characterized by the presence of contrast material within the pneumatized paranasal sinuses. The contrast should be in direct continuity so that a precise site of communication can be reliably 
demonstrated, as shown in this sagittal CT image reconstruction from a positive CT cisternogram. The arrow points out the area of the contrast within the ethmoid sinuses. 

 

Figure 55-4 MR cisternography provides a noninvasive way to confirm and localize CSF leaks. In this sagittal image, obtained during a positive MR cisternogram in a patient with a CSF leak after transsphenoidal hypophysectomy, the CSF 
signal, which appears black, is present in the sphenoid sinus (arrow). The asterisk shows the position of the sella. The anterior cranial fossa shows minimal signal caused by a pneumocephalus (star). 

 

Figure 55-5 High-resolution sinus CT might be used to image even small bony defects of the skull base. This coronal CT image was reconstructed from a 1-mm direct axial CT image data by use of a robust image processing software 
system. It should be noted that not all reformatted coronal images are of sufficient quality to permit this precise examination of the skull base. A bony dehiscence (arrow), together with a positive beta-2 transferrin study, represents a likely 
site for an active CSF leak; however, in the absence of a positive beta-2 transferrin study, the presence of a CSF leak should not be assumed from the presence of such a finding. 

 



Figure 55-6 MR provides excellent imaging of anterior skull base meningoencephaloceles. The arrow shows the characteristic appearance of such a finding on this sagittal MR image. 

 

Figure 55-7 CT is used to visualize the bony structures of the skull base, but it cannot reliably distinguish between a meningoencephalocele and a mucocele with bony resorption. This coronal CT image shows a bony skull base dehiscence 
(arrow) and an adjacent area of opacification. In this case, a meningoencephalocele was confirmed by MR scanning. 

 
 

Box 55-1. CONSERVATIVE TREATMENT OF CSF RHINORRHEA

Subarachnoid drainage through a lumbar catheter 
 
Strict bed rest 
 
Head elevation 
 
Stool softeners 
 
Patient advised to avoid coughing, sneezing, nose blowing, and straining 
 

 
 
The well-recognized and potential morbidities of these techniques include brain compression, hematoma, seizures, and anosmia. Despite direct access to the skull base defect, failure rates are quite high; in fact, reported failure rates exceed 
25%. For these reasons, extracranial techniques are now preferred in most circumstances.

Extracranial Techniques

Early extracranial techniques required an external incision for transsinus access to the skull base defect. More recently, endoscopic techniques, which rely on transnasal, transsinus access to the defect, have supplanted the older techniques. 
Both extracranial techniques attempt to seal the defect by the placement of a graft at the defect site, although endoscopic techniques provide superior visualization. Since the initial descriptions of the endoscopic repair of CSF rhinorrhea in 
the 1980s, endoscopic management has emerged as the primary technique for the surgical management of skull base defects.[39] 

The initial steps for endoscopic repair of CSF rhinorrhea are the standard endoscopic dissection so that the defect site is adequate visualized. Intrathecal fluorescin (discussed previously) is administered to facilitate identification of the defect. 
The defect site must be prepared for grafting. Bipolar cautery or KTP laser is used to fulgurate a coincidental meningoencephalocele; a meningoencephalocele must never be reduced by simply pushing it intracranially. Bipolar cautery and 
KTP laser is also used to remove sinus mucosa that is adherent to dura. Mucosa within 5 mm of the margins of the skull base defect must also be removed to facilitate mucosal grafting. Middle and superior turbinate resection is not routinely 
necessary for access.

The specific details of graft selection have generated considerable controversy. Potential grafts include temporalis fascia, fascia lata, muscle plugs, pedicled middle turbinate flaps (mucosa alone or mucosa and bone), autogenous fat, free 
cartilage grafts (from the nasal septum or the cartilaginous auricle), and free bone grafts (from the nasal septum or calvarium and other sites). Acellular dermal allograft may also serve as a graft.[24] Although pedicled intranasal grafts may be 
used, they have been associated with a relatively high failure rate; as a result, free grafts seem preferable for most circumstances. [13] 

Appropriate graft placement is critical for successful endoscopic repair ( Figure 55-8 ). Ideally, grafts of fascia (or similar materials) should be placed on the intracranial side of the defect by means of an underlay technique. Ambient ICP 
serves to hold the graft in position. Wormald and McDonogh[50] have described the "bath-plug" technique, which incorporates an intracranial fat graft; the graft's ICP helps to hold the graft in the desired position. Larger defects require a 
layered reconstruction ( Figure 55-9 and Figure 55-10 ). In fact, this layered reconstruction offers a more robust boundary and reduces the risk of delayed recurrence and/or meningoencephalocele formation, especially in patients at risk for 
elevated ICP (namely, patients with suspected BIH or ESS).



Mucosal grafts should never be placed intracranially, and care should be taken to ensure the correct placement, which avoids inadvertent intracranial placement. An intracranial mucocele after endoscopic CSF leak repair has been reported; 
this complication probably resulted from incorrect mucosal graft placement.[48] 

After the grafts are placed, a surgical sealant (such as fibrin glue) may be used to help hold the grafts in place. Typically, absorbable nasal packing is placed adjacent to the grafts, and traditional nonabsorbable packing is used to support the 
absorbable packing. The nasal packing supports the grafts and provides some hemostasis.

Pure endoscopic approaches provide excellent access to the ethmoid roof, cribriform plate, and most 

 
Figure 55-8 Appropriate graft placement is critical for successful CSF leak repair. In this endoscopic image, the instrument tip rests on an acellular dermal allograft, which has been tucked beneath the edges of an anterior skull base defect. 

 

Figure 55-9 Layered skull base reconstruction provides a stronger barrier. In this illustration of a repair of a defect of the roof of the right ethmoid, representative layers are depicted: A, dura; B, fascial autograft (or acellular dermal 
allograft); C, bone or cartilage autograft; D, fascial autograft (or acellular dermal allograft); E, mucosal free autograft; and F, surgical sealant. (From Lorenz and others: Laryngoscope 113:496, 2003; used by permission). 

 

Figure 55-10 Layered reconstruction also provides an optimal barrier for sphenoid CSF leaks, as shown in the illustration of such a repair of a midline sphenoid defect (after transsphenoidal hypophysectomy). (From Lorenz and others: 
Laryngoscope 113:495, 2003; used by permission). Layers are as indicated in Figure 55-9 . 

 

Figure 55-11 Endoscopic repair of a frontal sinus posterior table defect may require an anterior table trephination. In this endoscopic image of the left frontal recess (obtained through a 70-degree telescope), the inferior suction rests on the 
inferior edge of a small meningocele, and the superior bipolar suction cautery, which was passed through the trephine, rests on the superior edge of the meningocele. 
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Chapter 56 - PHYSIOLOGY OF THE SALIVARY GLANDS

Ravindhra G. Elluru 
Manoj Kumar 

INTRODUCTION

Throughout the history of science, the salivary gland has been a rich source of biologic questions, and its mechanisms of function have fueled many research endeavors. As early as 160 A.D., Galen had described the position of the major and 
minor salivary glands and their respective ductal openings. Later, in 1543, Vesalius published a more detailed anatomic description of the salivary glands in a monograph entitled de Humani corporis fabrica. Interestingly, before the 17th 
century, the salivary glands were thought to serve only as emunctories, whose function was to strain excrementous substances (such as the evil spirits of the brain) from the blood. Fortunately, the fortitude and dedication of scientists such as 
Boredu, Ludwig, Langley, Haller, Heidenhain, Mueller, Baylis, Bernard, and Pavlov allowed this notion to be dispelled and the field of salivary gland physiology to be advanced.[35] Recent technologic advances along with a new generation of 
scientists have brought this field even further, expanding our knowledge of the mechanisms of salivary gland function, disease processes that impede normal gland function, and methods by which to restore normal function. It should be 
noted that much of the basis of our understanding of salivary physiology is derived from the study of nonhuman salivary glands. Human data are limited, but those that exist generally conform to the information described in the following 
pages.

Saliva is a complex mixture of electrolytes and macromolecules secreted from three pairs of major and numerous minor salivary glands. The major salivary glands consist of the parotid, submandibular, and sublingual glands. The minor 
salivary glands line the mucosa of the lip, tongue, palate, and pharynx. The secretion of saliva is tightly regulated by a multitude of factors including the autonomic nervous system, humoral factors, and disease states. Saliva performs several 
crucial roles including the following: (1) a lubricant to aid in swallowing; (2) digestion by emulgation of food and enzymatic cleavage of starch by α-amylase; (3) production of hormones or hormone-like substances and other metabolically 
active compounds; (4) excretion of endogenous and exogenous materials such as antibodies, blood-group reactive substances, iodine, and viruses; (5) mediation of taste sensations; and (6) defense. For their size, the salivary glands produce a 
large volume of saliva. The maximal rate in humans is about 1 mL/min per gram of glandular tissue. The rate of metabolism and blood flow to the salivary glands is also high, proportional to the rate of saliva secreted. To put this in 
perspective, the flow of blood to a maximally secreting salivary gland is approximately 10 times greater than the flow of blood to an equal mass of actively contracting skeletal muscle.[8] This chapter will discuss in detail each of the various 
aspects of salivary gland function and physiology.

PRINCIPLES OF SALIVARY GLAND SECRETION

Anatomy of the Secretory Unit

The basic unit of the salivary gland consists of an acinus, a secretory duct, and a collecting duct ( Figure 56-1 ). In general, the area of the acinus and proximal secretory duct are called the secretory endpiece. The secretory duct is composed 
of the intercalated and striated ducts, which are intralobular. The excretory and collecting ducts are extralobular. The structural relationships and secretory capabilities of secretory units within different salivary glands differ widely. The 
parotid and submandibular glands have a single, elongated, large-caliber collecting duct with only a few major branching interlobular ducts. The interlobular ducts in turn are connected to many intralobular ducts, each of which transports 
saliva from several acini. In contrast to the parotid and submandibular glands, the secretions of the sublingual gland are discharged through 10 to 12 separate collecting ducts. The minor salivary glands, which are essentially
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Figure 56-1 A, Schematic representation of a normal secretary unit. (Reproduced with permission from Ganong WF: Review of medical physiology. 1999, McGraw-Hill, p 473.) B, Histologic section of a normal salivary gland. Normal 
appearance of the ducts (arrowhead) and acini (black arrow) under low-power magnification (×10). 



 

TABLE 56-1 -- CONTRIBUTION TO SALIVA AND RELATIVE VISCOSITIES OF SALIVA BY SALIVARY GLANDS

Gland Acinar type Viscosity Percentage of Whole Unstimulated Daily Saliva

Parotid Serous Watery 25

Submandibular Mixed Semi-viscous 71

Sublingual Mucous Viscous 3–4

Minor Mucous Viscous Trace

(From Mandel ID: Crit Rev Clin Lab Sci 12:321, 1980.)
 
were too simplistic and could not account for the complexities of saliva secretion. It is now known that saliva is formed via active transport processes occurring throughout the secretory unit and that these processes are under the control of 
complex neuronal and hormonal signals. As mentioned above, the secretory unit consists of two anatomically and functionally distinct regions: the acinus and the secretory ducts. The acinus is the site of all fluid generation and most 
(approximately 85%) exocrine protein secretion.[10] The fluid component is derived from the local vascular bed in the form of an isotonic solution and secreted into the acinar lumen. This primary secretion traverses the ductal system before 
emptying into the mouth. In contrast to the water-permeable cells of the acinus, ductal cells are water-impermeable. Most of the sodium (Na+ ) and chloride (Cl- ) in the primary secretion is reabsorbed in the duct, and a small amount of 
potassium (K+ ) and bicarbonate (HCO3 - ) is secreted. Some proteins are added to the salivary fluid as it traverses the secretory duct. By the time the final saliva enters the mouth, it has generally been rendered markedly hypotonic 
(approximately 25 mEq/L NaCl). However, the electrolyte composition of saliva can be influenced by salivary flow rates. The reabsorption of salivary sodium and chloride are directly related to flow rates, with decreased reabsorption and 
increased salivary concentrations of these electrolytes with increasing salivary flow rates, whereas potassium reabsorption is independent of flow rates.[74] [90] 

Mechanisms of Primary Fluid Secretion

In salivary glands, fluid transport is thought to be driven osmotically in response to transepithelial salt gradients. These salt gradients are generated by ion transport systems localized to the luminal and basolateral membranes of the acinar 
cell. Based on studies in the rabbit and rat salivary glands, three mechanisms have been proposed for primary fluid secretion by the acini. These three mechanisms appear to operate concurrently in the same gland, and possibly in the same 
acinar cell. The relative importance of each
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of these mechanisms varies from species to species, gland type to gland type, and possibly from physiologic status to physiologic status. The three mechanisms are depicted in Figure 56-2 and are discussed below.

Fluid secretion in the acini is the result of the combined action of four membrane transport systems: (1) a Na+ -K+ -2Cl- cotransporter located in the basolateral membrane of the acinar cell, (2) a calcium (Ca2+ )-activated K+ channel in the 
basolateral membrane, (3) a Ca2+ -activated Cl- channel localized to the apical membrane, and (4) an adenosine triphosphatase 

 
Figure 56-2 Schematic representation of three mechanisms of primary fluid secretion in acinar cells. (From Turner RJ: Mechanisms of fluid secretion by salivary glands, Ann N Y Acad Sci 694:24, 1993.) 

 

Figure 56-3 Schematic representation of acinar cell receptors and second messenger systems. (From Baum BJ: Principles of saliva secretion, Ann N Y Acad Sci 694:17, 1993.) 

 

TABLE 56-2 -- LOCALIZATION AND MECHANISM OF ACTION OF SALIVARY ADRENERGIC RECEPTORS



 α1 α2 β1 β2 

Physiologic response Smooth muscle contraction in blood 
vessels

(1) Smooth muscle contraction in selected vascular bed Stimulates amylase secretion (1) Smooth muscle relaxation

  (2) Inhibit release of norepinephrine  (2) Facilitates release of norepinephrine

  (3) Stimulates secretion of K and H2 O   

Location Postsynaptic Presynaptic, postsynaptic and without synapse Postsynaptic Presynaptic, postsynaptic and without synapse

Mechanism Changes of cellular Ca2+ fluxes Inhibition of adenylate cyclase Stimulation of adenylate cyclase Stimulation of adenylate cyclase

(From Lefkowitz RJ and others: Adv Cyclic Nucleotide Protein Phosphorylation Res 17:19, 1984.)
 
activates adenylate cyclase. α2 receptors are also linked to the adenylate cyclase system, however binding of ligand to this receptor leads to the inhibition of adenylate cyclase. α1 receptors are linked to a different second messenger system 
that does not involve adenylate cyclase.

Cholinergic receptors, receptors for acetylcholine, are divided into two categories: muscarinic and nicotinic. Acinar cells contain only muscarinic receptors, specifically the muscarinic receptor M3 subtype. Binding of acetylcholine to the M3 
receptor leads to activation of the phospholipase C pathway and ultimately intracellular calcium mobilization. Atropine competes with acetylcholine for binding to the muscarinic receptor and in this manner acts as a competitive antagonist or 
blocker of acetylcholine activity.
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Recent evidence suggests the presence of two additional subtypes of muscarinic receptors in the rat submandibular and sublingual gland, M1 and M5 .[89] The effect of these two receptors on acinar cell function and the mechanism by which 
these effects are mediated are unclear at this point. Some of the effects of the M1 receptor on salivary gland function can be indirect via nitric oxide.[10] 

Parasympathetic-mediated atropine-resistant secretory response and vasodilatation are a well-known phenomenon in salivary glands. A number of polypeptides including neuropeptide Y (NPY), vasoactive intestinal peptide (VIP), galanin 
(GAL), substance P (SP), and calcitonin gene-related peptide (CGRP) have been implicated in mediating nonadrenergic, non-cholinergic parasympathetic nerve impulses.[51] NPY-, VIP-, and GAL-immunoreactive nerve fibers are densely 
distributed around acini and ducts. CGRP- and SP-immunoreactive fibers are also found around these structures, but to a lesser extent. Interestingly, the density of SP- and CGRP-immunoreactive fibers around the mucous acini are 
significantly higher than around serous acini. The VIPergic system is the best studied of these polypeptide neurotransmitters in salivary glands and is similar to that which has been described in the gut and pancreas. [74] At this point, the role of 
these different polypeptide neurotransmitters in salivary gland function is speculative. However, an intense effort has been initiated by various investigators in the field to better understand these interesting molecules.[51] 

Signal Transduction

As mentioned above, the formation of a receptor-ligand complex is only the first step in initiating a biologic response within the target cell. The second step entails transmission of the ligand-receptor binding signal across the cell membrane 
and activation of a second messenger system. The second messenger system then activates an effector system, bringing about a specific biologic response (see Figure 56-3 ).

G-proteins

A family of heterotrimeric guanine nucleotide-binding proteins (G-proteins) have a well-defined role in transmitting receptor-ligand signals across the cell membrane by linking the receptor with a second messenger system.[10] Members of the 
G-protein family can be divided into four classes based on amino acid sequence identity and function: Gs , Gi , Gq , and G12 . G-proteins are heterotrimeric molecules that consist of three distinct subunits termed α, β, and γ subunits. Sixteen 

distinct genes encode G-protein α subunits in mammals.[55] The α subunit is the site of guanine nucleotide binding and has generally been considered the subunit that conveys the functional and receptor specificity to a G-protein. When a 
neurotransmitter binds to a receptor, the affinity of the receptor for a specific G-protein increases. Formation of the receptor-G-protein complex leads to the replacement of the guanine diphosphate (GDP) bound to the α subunit with a 
guanine triphosphate (GTP), and dissociation of the heterotrimeric G-protein into a free α subunit and a free βγ complex. The α subunit is then available to activate a specific second messenger system. The activation continues until the GTP 
is degraded to GDP by GTPase activity endogenous to the α subunit. The GDP-associated α subunit then reassociates with the βγ complex to generate the inactive heterotrimeric G-protein. The two best studied second messenger systems in 
the salivary gland are: (1) the generation of cyclic adenosine monophosphate after β-adrenergic receptor stimulation which leads to protein exocytosis, and (2) the formation of inositol-1,4,5-triphosphate (IP3 ) after muscarinic acetylcholine 
receptor stimulation, which leads to calcium mobilization and fluid secretion. Other more speculative second messenger systems involve nitric oxide, cyclic guanine monophosphate, phospholipids, cytosol pH, and membrane depolarization.

Adenylate Cyclase System

Stimulation of β-adrenergic receptors on acinar cells leads to protein exocytosis. The role of cAMP in protein secretion from acinar cells has been well documented for nearly 30 years, although some of the initial steps in this pathway have 
only recently been elucidated.[9] [13] The binding of norepinephrine to β1 -and β2 -adrenergic receptor leads to activation of the G-protein Gs . Activation of Gs in turn leads to activation of adenylate cyclase, which then converts ATP into cAMP. 
Increasing concentration of cAMP then leads to the activation of cAMP-dependent protein kinase A. Both type I and type II cAMP-dependent protein kinase A are thought to be involved in this pathway.[75] Cyclic AMP-dependent protein 
kinase A phosphorylates several cellular proteins, the most important of which is considered to be a 26-kDa integral membrane protein.[76] At this point, it is unclear how the activation of cAMP and cAMP-dependent protein kinase A leads to 
protein exocytosis. It is important to note that, whereas ligand binding to β1 and β2 receptors activates the adenylate cyclase system, ligand binding to α2 receptors inhibit adenylate cyclase via the G-protein, Gi .[55] 

Phospholipase C System

It has long been known that the stimulation of acinar cell muscarinic acetylcholine receptors leads to high levels of fluid secretion and that calcium plays a key
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role in this process.[10] [23] In the last 20 years, efforts by several investigators have led to the characterization of the specific mechanisms involved in muscarinic acetylcholine receptor-mediated fluid secretion.[10] Ligand binding to the 
muscarinic acetylcholine receptor activates a pertussive toxin-insensitive G-protein, thought to belong to the Gq family.[1] Activation of this G-protein activates the enzyme phospholipase C, which hydrolyzes a minor membrane phospholipid 
phosphatidylinositol 4,5-bisphosphate. This leads to the formation of two second messenger molecules, IP3 and diacylglycerol (DAG). DAG is capable of activating protein kinase C that results in protein exocytosis, although this is thought 
to represent a minor pathway for protein secretion in acinar cells.

The other product of hydrolysis, IP3 , binds to a membrane receptor on intracellular calcium stores, causing the release of calcium into the cytoplasm.[10] These intracellular calcium storage units are a derivative of the endoplasmic reticulum. 
The IP3 receptor itself is thought to function as a calcium channel, and upon ligand binding allows calcium to move down a concentration gradient into the cytoplasm. Cytoplasmic calcium concentrations can increase 10-fold within 5 seconds 
of muscarinic acetylcholine receptor activation, leading to a cascade of events including a sustained influx of extracellular calcium into the cytoplasm and the activation of specific ion transport pathways leading to fluid secretion. Currently, 
there is little understanding of the cell membrane channels that allow calcium to move into the cytoplasm in response to increased cytoplasmic calcium concentration in nonexcitable cells such as acinar cells.

FLOW RATE OF SALIVA

Salivary flow rates are highly variable, stabilizing after the age of 15 years, and therefore should be interpreted in a clinical context.[45] [80] The numbers depicted later are for salivary flow rates projected from studies on the general population. 
The range of normal unstimulated salivary flow is 0.1 mL/min and above, and in the stimulated state it is 0.2 mL/min and above. On average, the unstimulated flow rate is 0.3 mL/min, and the stimulated flow rate is 7 mL/min at maximum. 
Stimulated saliva is thought to contribute as much as 80% to 90% of the average daily salivary production. This leads to an average daily saliva secretion of around 1000 to 1500 mL or an average flow of 1 mL/minute.[5] [57] Salivary flow in 
the unstimulated state is produced primarily by the submandibular glands (71%) with the parotid and sublingual glands producing 25% and 34% of the flow, respectively.[57] The minor salivary glands account for trace amounts of saliva. Once 
stimulated, the relative contributions of the parotid and submandibular glands are reversed, and the parotid gland supplies two thirds of the salivary flow.

Studies specifically addressing hypofunction of the salivary gland have defined the critical range separating persons with normal gland function from those with salivary gland hypofunction as unstimulated whole salivary flow rates between 
0.12 and 0.16 mL/min.[65] The diagnosis of salivary hypofunction is often difficult to make given the wide range of salivary flow rates that are accepted as normal. A more reliable means of diagnosing hypofunction is possible if an individual 
base record of saliva flow has been established. Salivary gland hypofunction can then be defined as a 50% reduction in the individual base saliva flow rate. About 30% of the population reports some degree of dry mouth. In general, oral-
related effects of salivary hypofunction are reduced preparation of food for digestion, dyscusia, and an increased susceptibility of oral structures to disease.[56] Although decreased concentrations of salivary mucins and decreased resting 
salivary flow rates have been associated with increasing age, there are no substantial age-related changes in the secretory responsiveness of salivary cells.[18] [71] Furthermore, factors endemic to the geriatric population such as poly-pharmacy, 
poor nutritional status, and system diseases also contribute to salivary gland hypofunction. [64] Therefore, at this time the exact role of advancing age on the average daily production of saliva and xerostomia is unknown.

Salivary secretion is controlled by a salivary center in the medulla, which is triggered by specific factors: the mechanical act of chewing, gustatory stimuli, and olfactory stimuli. The stimulation of salivary flow with mastication is thought to 
be a reflexive response mediated by receptors in the oral mucosa, muscles of mastication, and temporal-mandibular joint. These receptors stimulate the salivary nucleus, which in turn increases the parasympathetic stimulation to the salivary 
glands, resulting in an increase in saliva flow.[3] Interestingly, the increase in salivary flow is thought to be directly proportional to the applied chewing force.[2] Gustatory stimuli are the most potent stimuli to the salivary center, instigating as 
much as a 10-fold increase in salivary flow. Acidic tastes lead to the biggest increases in saliva flow, whereas sweet tastes are the least stimulating. Olfaction is the weakest of the above salivary center triggers. Furthermore, habituation is 
thought to occur with repeated presentation of the same food cues, leading to a decrease in stimulation of the saliva center and saliva flow. Dishabituation occurs with presentation of novel food cues.[30] [31] [32] [33] 

There are numerous other factors that can influence salivary flow as well. These include circadian rhythm; psychic factors such as pain, depression, and
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anticipation of food; medications; local or systemic diseases; and hormones. Isolating and studying the effect of a specific factor is often difficult because many of these stimuli work in concert to affect salivary flow. Diurnal variation in 
salivary flow has been reported, with maximal flow rates in the late afternoon and minimal flow rates at night. Decreased salivary output at night may result from a decrease in ambient light or arousal state, both of which have an affect on 
salivary gland function. [21] Medications with anticholinergic properties, such as most antidepressants, will decrease salivary flow. Dehydration can also influence salivary gland output, with losses of 8% of body water resulting in cessation of 
salivary flow. Decreased salivary output is also noted during the "fight or flight" response that results from an increased sympathetic response or central inhibition of parasympathetic output. The sympathetic nervous system has also been 
proposed to play a role in the reduction of saliva flow after exercise via constriction of blood vessels that supply the salivary glands.[77] 

Salivary flow is not even throughout the mouth because of the location of the ducts that empty the parotid and salivary gland. Intraoral flow volume is highest in the mandibular lingual area and lowest in the area of the maxillary incisors and 
interproximals.[26] These areas of higher and lower volume flow regions have been referred to as "salivary highways and byways." The regional clearance rate of acid produced from bacteria is directly influenced by regional variations in flow 
within the mouth.[19] Consequently, salivary byways are areas in which acid by-products may remain in longer contact with oral structures unless mechanical means of cleansing are used. Furthermore, with varying amounts of saliva and 
salivary constituents coming from different glands, it is suggested that saliva provides different types of protection in different intraoral locations.

COMPOSITION OF SALIVA

Saliva is composed of a variety of organic and inorganic compounds ( Table 56-3 ), allowing its varied functional properties. The inorganic component is composed mostly of electrolytes such as sodium, potassium, calcium, magnesium, 
bicarbonates, phosphates, and nitrogenous products such as urea and ammonia. The organic component includes several classes of proteins such as immunoglobulins, enzymes, and mucins. Because the final saliva product is an aggregate of 
the saliva produced by several glands, each with different secretory characteristics, the composition of whole saliva at any particular time can be highly variable. This variability is further enhanced by the fact that the secretory characteristics 
of each gland will change with the type of stimulus driving the saliva production. Furthermore,  

TABLE 56-3 -- FLOW RATES AND COMPOSITION OF SALIVA IN NORMAL ADULTS

 Parotid Gland Submandibular Gland

Stimulated flow rate (ml/min/gland) 0.7 0.6



Inorganic constituents (mEq/L)   

K+ 20 17

Na+ 23 21

Cl- 23 20

HCO- 3 20 18

Ca2+ 2 3.6

Mg2+ 0.2 0.3

HPO2- 4 6 4.5

Organic constituents (mg/dL)   

Urea 15 7

Ammonia 0.3 0.2

Uric acid 3 2

Glucose <1 <1

Cholesterol <1 —

Fatty acids 1 —

Total lipids 2–6 2–6

Amino acids 1.5 —

Protein 250 150

(Modified from Mandel ID: Crit Rev Clin Lab Sci 12:321, 1980.)
 
the electrolyte composition of saliva will change depending on flow rates caused by changes in the amount of inorganic compounds secreted or reabsorbed in the salivary ducts. In general, whole saliva is composed of approximately 99.5% 
water and has a specific gravity between 1.002 and 1.0012 and a pH that varies between 5.75 and 7.05. The osmolarity of saliva is largely determined by the major ions: sodium, potassium, chloride, and bicarbonate. The pH is largely 
determined by the CO2 content of saliva because bicarbonate is the principal salivary buffer system. Phosphate serves a minor role in buffering saliva. The electrolyte composition of saliva is relatively independent of plasma concentrations 
because electrolytes are transported into saliva via an active process. On the other hand, organic compounds passively diffuse into saliva, and therefore their concentrations in saliva reflect plasma concentrations.[45] 

Inorganic Component

Sodium (Na+ ) and potassium (K+ ) are the major cations present in saliva (see Table 56-3 ). The salivary concentration of these ions is dependent on the type
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of gland from which it is secreted and the type and amount of stimulation to the gland. In general, the concentration of these electrolytes in the parotid gland is higher than in the submandibular gland. When the salivary flow rate is low, the 
ratio of Na+ to K+ is also low. This ratio increases as the flow rate increases, due to decreased reabsorption of Na+ at higher flow rates. As with Na+ and K+ , the salivary concentration of Ca2+ also varies with the type of gland from which it is 
secreted and with salivary flow rates. Salivary calcium concentrations, however, appear to be flow dependent only at high flow rates. In addition, unlike salivary Na+ and K+ , the concentration of Ca2+ in saliva from the submandibular gland 
(3.4–4.4 mEq/L) is almost twice that of the parotid gland (1.4–2 mEq/L). Calcium is distributed in saliva as a free ion, as well as bound to protein or in complexes with carbonate, phosphate, or lactate. Salivary magnesium concentrations 
from the parotid and salivary glands are fairly equivalent, and represent roughly two-thirds of the plasma concentration.[45] 

The major salivary cations are chloride, bicarbonate, and phosphate. Salivary concentrations of chloride from the parotid gland and salivary gland are equivalent or lower than that of plasma. Salivary chloride concentrations are flow 
dependent, decreasing with decreasing flow rates. In the resting state, salivary bicarbonate concentrations can be as low as 5 mEq/L, and with stimulation bicarbonate concentrations may exceed that of plasma (27 mEq/L). Salivary 
bicarbonate is derived from plasma as well as from metabolic activity in the gland. Salivary phosphate is present at concentrations appreciably higher than that of serum and serves as one of the minor buffers. About 10% of salivary 
phosphate is present in the ester form, mainly in phosphoproteins and trace amounts in pyrophosphate.[45] 

Minor inorganic components of saliva include iodine and fluoride. The concentration of iodine in saliva is roughly 10 to 15 µg/mL and exists mainly in the inorganic form. Salivary fluoride content is approximately similar to that of plasma 
but is elevated slightly in individuals who drink fluoridated water or use fluoridated toothpaste. In these individuals, there is a prolonged release of fluoride into saliva from sparingly soluble deposits on the teeth and soft tissues. These small 
elevations in salivary fluoride levels are believed to be important in preventing the formation of dental caries.[45] 

Organic Component

Proteins or protein-containing moieties comprise the majority of the organic components of saliva. Of the two major salivary glands, the concentration of protein is higher in stimulated parotid than in stimulated submandibular secretions. [5] [57] 
On average, the protein content of whole saliva is 200 mg/100 mL, which is about 3% of the protein concentration in plasma.[27] Careful analysis of whole saliva as well as saliva from each of the major salivary glands has revealed the 
presence of distinct families of proteins within saliva, each family containing multiple members. The structural variations of individual family members arise by a combination of genetic and posttranslational events. The major salivary 
components of saliva range in size from small histatins (2–4 kDa) to larger mucins (> 1000 kDa) ( Table 56-4 ).



Evaluation of the structural and functional properties of salivary proteins has revealed several important concepts. First, the structural conformation of the protein is essential for its functional properties. For example, the α helical 
conformation of salivary statherins and histatins and the intra-polypeptide disulfide bonds salivary amylase are essential to the functional properties of these proteins, and disruption of their secondary and tertiary structures abrogates their 
function. Second, most salivary proteins are multifunctional and overlap in their roles ( Table 56-5 ). This brings up the third concept, that of functional redundancy, which allows deficiencies in one protein to be compensated for by another 
protein. The concept of functional redundancy might explain why there is a high degree of variability in the concentration of individual salivary molecules in the general population. The fourth concept is that salivary proteins can exhibit 
amphifunctionality, having both beneficial and detrimental properties, based on the situation. For example, amylase in solution has an antibacterial activity, whereas amylase bound to the tooth surface can promote bacteria adherence and the 
formation of dental caries. The fifth and final concept is  

TABLE 56-4 -- MAJOR SALIVARY MACROMOLECULES

Protein Family Molecular Weight (kDa)

Histatins 2–4

Statherins 4–5

Lysozyme 14

Cystatins 14

Proline-rich protiens 10–30

Carbonic anhydrases 42–45

Amylase 55–60

Peroxidase 75–78

Lacoferin 75–78

Mucin 2 (MG2) 130

Secretory IgA 380

Mucin 1 (MG1) >1000

(From Levine MJ: Ann N Y Acad Sci 694:11, 1993.)
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TABLE 56-5 -- FUNCTIONS OF SALIVARY MOLECULES

Functional Property Salivary Molecule

Antibacterial Amylase, cystatins, histatins, mucins, peroxidases

Antiviral Cystatins, mucins

Antifungal Histatins

Buffering Histatins, carbonic anhydrases

Digestion Amylases, mucins

Mineralization Cystatins, histatins, prolinerich proteins, satherines

Lubrication Mucins, satherines

Tissue coating Amylase, cystatine, mucins, proline-rich proteins, satherines

(From Humphrey SP, Williamson RT: J Prosthet Dent 85:162, 2001.)
 
that many salivary proteins form complexes of the same polypeptide (homotypic) or two different polypeptides (heterotypic), via covalent and noncovalent interactions, to become functionally active.[54] 

One of the main protein constituents of plasma, albumin, is also present in saliva. Albumin passively diffuses into the glandular secretion from plasma and has been hypothesized to play a similar role in saliva, that of a carrier protein. The 
concentration of albumin in saliva is dependent on the salivary flow rate, decreasing in concentration with increasing flow rates. The concentration of albumin in saliva also varies with the overall medical status of the individual, increasing in 
concentration in the presence of chronic states such as immunosuppression, radiation treatment, and diabetes.[61] 

The best studied and quantitatively most prominent salivary enzyme is α-amylase, a glycoprotein with a molecular weight between 62 and 67 kDa. Six isoforms of α-amylase exist, the distribution of which differs between salivary and 
pancreatic secretions. α-Amylase is present in parotid saliva at a concentration of 60 to 120 mg/100 mL and in submandibular saliva at 25 mg/100 mL.[27] The average total daily secretion of amylase is approximately 0.6 g, comprising 10% of 
the total salivary protein. α-Amylase hydrolyses the α 1:4 glycosidic bond between glucose units in the polysaccharide chain of starch. Hydrolysis can take place anywhere along the polysaccharide chain, except for branching points, and is 
very slow for terminal glucose units. Therefore, the end products of amylase digestion are mainly maltose, oligosaccharides, and some free glucose. The optimal pH for α-amylase activity is in the range of 6 to 8, and chloride is required as a 
cofactor.[27] 



The major salivary glands are regarded as the principal sources of salivary antimicrobial substances such as immunoglobulin A (IgA), lactoferrin, lysozyme, and peroxidase. IgA is the predominant immunoglobulin in saliva, present at a 
concentration of approximately 20 mg/100 mL, and plays an important role in the local immune system of the salivary gland.[27] Salivary IgA is found predominantly in the dimeric form in which two IgA macromolecules are covalently linked 
via a J chain. Dimeric IgA is formed by plasma cells in the interstitium of the salivary gland and is transported across the acinar cell into the acinar lumen via an active transport process. Unlike serum IgA, salivary IgA also contains a 70-kDa 
secretory component that is thought to protect dimeric IgA from digestion by proteolytic enzymes in the saliva. The secretory component is found on the basolateral surface of acinar cells and is thought to play an additional role in 
transporting the dimeric IgA across the cell into the acinar lumen. The role of IgA as a protective agent against dental plaque formation in humans is controversial. [40] It has been observed that the salivary IgA is increased by both sympathetic 
and parasympathetic stimulation.[14] Two other immunoglobulins, IgG and IgM, are also present in saliva, although at much lower concentrations.

Lysozyme is an antibacterial enzyme that attacks components of the cell wall of certain bacteria leading to lysis and death of the bacteria. The effects of lysozyme are potentiated by specific cations in salivary secretions. Lactoferrin is an iron-
binding protein that removes free iron from saliva, depleting the supply needed for bacterial growth. Finally, sialoperoxidase oxidizes salivary thiocyanate to hypothiocyanite using hydrogen peroxide produced by oral bacteria. 
Hypothiocyanite has potent antibacterial activity.[27] 

The major groups of salivary glycoproteins consist of two classes of mucins, mucin 1 and mucin 2, found in submandibular and sublingual saliva, and a group of proline-rich glycoproteins found in parotid saliva. Mucin 1 and mucin 2 are 
also known by their gene designations, MUC5B and MUC7, respectively. All of the salivary glycoproteins consist of a polypeptide core with oligosaccharide side-chains. The proportion of the carbohydrate component to the protein 
component varies between the different groups of glycoproteins. Mucin 1 is a high-molecular-weight multi-subunit molecule that is highly glycosylated. Mucin 2 is a low-molecular-weight single-polypeptide molecule that is glycosylated.[45] 
Protein-rich polypeptides are low-molecular-weight single-polypeptide molecules that are moderately glycosylated. Glycoproteins are thought to have numerous functional roles (see Table 56-5 ).[27] 

1305

Statherin is a small phosphoprotein that is relatively rich in tyrosine and proline and has the property of promoting remineralization of the enamel coating of teeth. This role is accomplished by the ability of statherin to prevent the 
precipitation of calcium phosphates from supersaturated solutions, which also plays a role in inhibiting the formation of salivary gland calculus.[8] [45] 

Since the discovery of kallikreins in submandibular glands, an increasing number of polypeptides have been either isolated and purified from or claimed to be present in the submandibular glands of mammals, primarily mice.[7] Most have 
their secretion mediated primarily by α-adrenergic mechanisms. Nearly all are found in or considered to be synthesized by the granular convoluted tubules/striated duct cells where they are localized in secretory granules. In addition to their 
presence in saliva, several of these polypeptides are also found in the blood. The presence of polypeptides in both saliva and blood raises the issue of the endocrine or endocrine-like functions of the submandibular gland.[7] Polypeptides that 
have been purified from saliva and characterized include epidermal growth factor (EGF), nerve growth factor (NGF), rennin, and kallikrein.

EGF is a 53-amino acid peptide that stimulates DNA, mRNA, and protein synthesis in many cell types.[7] EGF binds to the EGF receptor, which has been localized in oral mucosal epithelium and underlying connective tissue. EGF binding 
with its receptor stimulates intrinsic tyrosine kinase activity that causes phosphorylation of the receptor, producing a signal that consequently alters gene regulation.[93] EGF synthesized and released by the salivary glands has been implicated 
in a number of biologic processes. It is a potent mitotic stimulator, it enhance keratinization, and it inhibits gastric acid secretion. Experimental studies have confirmed that oral wound healing is significantly delayed after the removal of 
salivary glands. This delay in oral wound healing is restored by oral administration of EGF.[66] The parotid and submandibular glands appear to be the source of salivary EGF in humans. [88] Patients with risk factors for cancer development and 
those who have head and neck cancer have been shown to have low salivary EGF levels.[11] 

NGF is a dimeric polypeptide that has long been known for its neurotrophic properties, playing a crucial role in the development and maintenance of sensory and sympathetic neurons.[7] NGF exerts its actions via two classes of receptors, a 75-
kDA low-affinity and a 140-kDa high-affinity receptor.[15] [16] The exact function of these two NGF receptors and their relationship to each other are currently unclear. NGF is produced by a number of cell types, including lymphocytes, [78] 
fibroblasts, macrophages, mast cells,[53] and keratinocytes.[72] [73] The submandibular gland of mice is unique in its capacity to synthesize, store, and secrete large amounts of NGF. The role of NGF in saliva is unknown, despite its high 
concentration in saliva from the submandibular gland.

Salivary gland secretion of renin is stimulated by α-adrenergic and cholinergic mechanisms. Plasma angiotensin II concentrations do not have any impact on the release of submandibular gland renin. The exact physiologic role of salivary 
rennin is currently unknown. As with salivary rennin, the physiologic role of salivary kallikrein, a serine protease that has been isolated from the submandibular glands of many mammalian species, is unknown.

FUNCTIONS OF SALIVA

Salivary function can be organized into five major categories that serve to maintain oral health and create a homeostatic environment: (1) lubrication and protection; (2) buffering and clearance; (3) maintenance of tooth integrity; (4) 
antibacterial activity; and (5) taste and digestion.[45] The different components of saliva are multifunctional and have overlapping roles in accomplishing the above tasks.

Lubrication and Protection

Saliva is a seromucous substance that coats the structures of the oral cavity and oropharynx, lubricating and creating a protective barrier against irritants such as proteolytic and hydrolytic enzymes produced in plaque, chemical agents, and 
desiccation. In addition, lubrication of oral structures is essential for such functions as speech, mastication, and swallowing. The subcomponent of saliva with the best lubricating properties are the mucins, the highest concentrations of which 
are found in saliva secreted from the minor and sublingual salivary glands. Intermediate amounts are found in submandibular gland saliva and low amounts in parotid saliva. The low solubility, high viscosity, and adhesiveness of salivary 
mucins enable these molecules to become concentrated on the oral mucosal lining. [84] Another class of salivary glycoproteins, the proline-rich polypeptides found in parotid saliva, also play a role in lubricating and protecting oral structures.[42] 
These functions are in part facilitated by the fact that the carbohydrate moieties of the mucins and proline-rich polypeptides allow these molecules to bind water and therefore enhance the protective barrier and keep oral structures hydrated.

Buffering and Clearance

Saliva has a slightly alkaline pH and contains several buffer systems, the most important of which is bicarbonate.[27] [45] [56] Several minor buffer systems are present
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in saliva as well; these include phosphate, urea, and low-molecular-weight histidine-rich proteins. At high flow rates, a combination of the increased bicarbonate concentration in saliva and the increased volume of fluid present increases the 
buffering and clearance capacity of saliva. On the other hand, at low flow rates, such as in situations where the salivary glands are not stimulated, the buffering capacity of saliva is at a minimum and is accomplished primarily by buffers such 
as phosphate and histidine-rich proteins.[45] Clearance of acids and other chemicals occurs by dilution of these substances and then spitting or swallowing of the saliva. The buffering and clearance properties of saliva have a know role in the 
prevention of dental caries.[49] 

Maintenance of Tooth Integrity

After tooth eruption, the enamel covering of the tooth undergoes a process of mineralization and demineralization, both processes of which are influenced by saliva. Demineralization occurs when acids produced by attached bacteria diffuse 
through plaque and the pellicle into the liquid phase of enamel, between enamel crystals. [45] This results in crystalline dissolution, a breakdown in the enamel coating, and the formation of dental caries. Demineralization is optimized at a pH 
of 5 to 5.5. Dissolved minerals diffuse out of the tooth structure and into the saliva surrounding the tooth. The buffering capacity of saliva neutralizes acids that accumulate in plaque and thereby inhibit the formation of dental caries. Plaque 
thickness and the number of bacteria present determine the effectiveness of salivary buffers.

Saliva also plays a role in remineralization, the process of replacing minerals lost from the crystalline matrix of the enamel. Remineralization requires the tooth to be surrounded by fluid supersaturated with minerals such as calcium, 
phosphorus, magnesium, fluoride, and other trace elements. Saliva has this ability in large part due to its protein subcomponents such as statherin, which stabilizes minerals in solution. Furthermore, proteins such as statherin, mucin, histatin, 
cystatin, and proline-rich proteins are thought to form a protective pellicle by binding to hydroxyapatite on the surface of the tooth. This protective pellicle also fosters remineralization and limits mineral egress. The remineralization process 
increases surface hardness, decreases permeability, and decreases the formation of caries.[45] 

Antibacterial Activity

Saliva contains both immune-mediated and non-immune-mediated agents that aid in the protection of oral cavity structures. The main immunologic mediators of saliva are IgA and, to a much lesser extent, IgG and IgM. The principal action 
of these antibodies is to aggregate bacteria and prevent their adhesion to oral hard and soft tissues. In addition, IgG has the ability to fix complement and cause bacterial lysis, although this represents a minor antibacterial mechanism in saliva.
[45] 

Nonimmunologic components include various proteins, mucins, and enzymes such as lactoferrin, lysozyme, and peroxidase, all of which are produced by the acinar cells.[27] [45] Mucins perform an antibacterial function by modulating the 
adhesion of microorganisms to oral tissue surfaces. Mucin 1 adsorbs tightly to the tooth and thereby contributes to the enamel pellicle, which protects the tooth from acid. Mucin 1 also forms heterotypic complexes with other salivary 
proteins such as amylase, proline-rich proteins, statherin, and histatins. In this manner, mucin 1 allows bacteria to attach to the surface of teeth and provides them with a nutrient source. On the other hand, mucin 2 binds to enamel but is 
easily displaced. Therefore, mucin 2 promotes the aggregation and clearance of bacteria.[45] Interestingly, mucin 2 predominates in the saliva of caries-resistant patients, whereas the mucin 1 predominates in caries-susceptible patients.[81] 

Lactoferrin is an iron-binding protein found in saliva that has the principal function of scavenging free iron in fluids and inflamed areas, to suppress free radical-mediated damage and decrease the availability of the metal to invading 
microbial and neoplastic cells.[94] Lactoferrin is also thought to have a bactericidal effect that is distinct from its metal-chelating properties.[6] 

Taste and Digestion

Saliva aids in the mastication and swallowing of food through its lubricating actions. In addition, salivary amylase initiates the digestion of ingested carbohydrates by catalyzing the hydrolysis of the α-1,4-glucosidic bond. Salivary amylase 
is active only at neutral pH and is inactivated by the pH of gastric juice. However, because of the high concentration and activity of amylase in the saliva, a fraction of the ingested starch is digested before the ingested food bolus reaches the 
stomach. Furthermore, studies suggest that amylase activity may continue for up to 30 minutes in the stomach if protected from the gastric acid within a bolus of food after a large meal. In general, however, most of the digestion of starch 
results from pancreatic amylase and not salivary amylase.[8] [62] 

The main role of saliva in taste sensitivity is the solubilization of ingested food particles, the transport of taste substances to taste receptors, and the protection of those receptors.[60] Saliva and its subcomponents may play an additional role in 
taste perception
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by neutralizing acids that would otherwise yield a sour taste and binding to and neutralizing bitter-tasting substances. Salivary constituents such as electrolytes also continuously stimulate the taste receptors altering the threshold of these 
receptors for substances such as sodium chloride. Finally, saliva bathes and hydrates the taste receptors, preventing them from desiccation and playing a long-term role in maintaining the taste function.[60] 

SALIVARY GLAND DYSFUNCTION

The physiology of the salivary gland and the composition of the saliva produced can change significantly in the presence of local or systemic diseases. In addition, systemic medications and nutritional status can also alter the function of the 
salivary apparatus. Altered salivary gland physiology in general arises from defective stimulation of the salivary glands, obstruction of saliva flow, or chemical-physical changes in the constituents of saliva. Sialadenosis, sialoithiasis, 
radiation sialoadenitis, and Sjögren's syndrome help illustrate this point.

Sialadenosis

Sialadenosis, or sialosis, is defined as a noninflammatory, nonneoplastic, parenchymal salivary gland disease that causes recurrent bilateral parotid gland swelling.[17] This disease process is usually asymptomatic but can be associated with 
pain. The swelling is unrelated to food intake. Sialadenosis usually affects individuals in the 20- to 60-year age group and has no gender predilection. In half the cases, sialadenosis is associated with underlying systemic factors such as 
diabetes, obesity, malnutrition, alcohol abuse, and drug use. Sialadenosis is generally regarded as reversible, as long as the salivary parenchyma has not undergone fatty replacement. The etiology of sialadenosis is unknown, although it is 
thought to arise from dysfunction of the autonomic nervous supply to the salivary glands because microscopic changes in sialadenosis resemble those produced by experimental denervation of salivary glands. Based on the presumed etiologic 
factor, sialadenosis can be divided into three categories: (1) endocrine sialadenosis, associated with diabetes mellitus, acromegaly, adrenal disorders, hypothyroidism, and pregnancy; (2) dystrophic-metabolic sialadenosis, associated with 
nutritional disorders such as pellagra, beriberi, kwashiorkor, anorexia nervosa, bulimia, and alcoholism; and (3) neurogenic sialadenosis, associated with medications that alter the autonomic input to the salivary gland.[22] [28] 



The main histologic feature of sialadenosis is the enlargement of acinar cells up to three times its normal size, with compression of the ducts. A mean acinar diameter greater than 62 microns is diagnostic of sialadenosis.[25] Acinar cells are 
classically packed with large secretary granules and the nucleus is displaced towards the base of the cell. Individual fat cells may be seen in the interstitium of the lobules, and inflammatory cells are typically absent. In addition, there are 
degenerative changes in the postganglionic sympathetic neurons, including a loss of neurosecretory granules, mitochondrial destruction, hydropic swelling of the axoplasm, and rupture of the axolemma.[25] 

Sialolithiasis

Sialolithiasis is a relatively common condition affecting about 1% of the population at some point in their lives. Salivary calculi consist of a laminated structure of concentric shells of calcareous materials alternating with layers of organic 
resinous material. The organic component is composed of carbohydrates and amino acids. The crystalline component is composed of calcium phosphate in the form of hydroxyapatite and small amounts of magnesium, carbonate, and 
ammonium ions. The distribution of mineral elements varies extensively from one calculus to another. Calculi are thought to be formed by the precipitation of crystalline material around an organic nucleus composed of desquamated 
epithelial cells, degradation products of the bacteria, or the bacteria itself.[38] The process of stone formation is enhanced in the presence of stasis of salivary flow. The submandibular gland is the most susceptible to salivary calculi because of 
the anatomic arrangement of its principal duct and the physiochemical characteristics of its secretion ( Table 56-6 ). [29] The nonstimulated saliva from the submandibular gland has a higher pH, a higher mucin content, and twice as much as 
calcium as parotid saliva. The reported distribution of salivary calculi are as follows: 92% in the submandibular gland, 6% in the parotid, and 2% in the sublingual and minor salivary glands together.[29] Most of the minor salivary gland calculi 
are seen in the upper labial and buccal mucosa ( Table 56-7 ).[4] The duct lengths in the labial and buccal mucosal glands are longer than those in the palate, and the biochemical and biophysical properties of the secretions are more favorable 
to stone formation in this subset of minor salivary glands.

Radiation Sialoadenitis

More than 70,000 patients are diagnosed with head and neck malignancy every year in the United States.[95] About 40,000 of these patients receive radiation as a primary or secondary therapeutic modality leading to varying degrees of salivary 
gland dysfunction.[34] Xerostomia is a significant problem that negatively affects the patient's quality of life. There is a greater than 50% decrease in saliva production after only 1 week of radiation therapy (1000 cGy) and a

1308

 
TABLE 56-6 -- SIALOLITHIASIS PROMOTING FACTORS SPECIFIC TO THE SUBMANDIBULAR GLAND

Physiochemical Properties Anatomic Arrangements

High mucin content Length and irregular course of the duct

Alkaline pH Dependent position of the gland

Higher percentage of organic matter Position of the ductal orifice

Higher concentration of calcium and phosphate salts Size of the orifice smaller than the duct lumen

High phosphatase enzyme content  

(From El Deeb M, Holte N, Gorlin RJ: Oral Surg Oral Med Oral Pathol 51:134, 1981.)
 
 

TABLE 56-7 -- LOCATION OF MINOR SALIVARY GLAND CALCULI

Site Percentage

Upper lip 46

Buccal mucosa 37

Buccal sulcus •6

Lower lip •6

Palate •2

Alveolar mucosa •2

Tongue •1

(From Anneroth G, Hansen LS: Int J Oral Surg 12:80, 1983.)
 
greater than 75% decrease after 6 weeks of treatment (6000 cGy).[24] Radiation-induced salivary gland damage is usually permanent, and recovery is unlikely. Although the exact molecular mechanism of acute radiation damage is not fully 
understood, it is associated with acinar cell death and glandular atrophy.[34] [67] Different salivary glands are affected variably by radiation. Serous parotid glands are rapidly, diffusely, and irreversibly affected, whereas the mucous palatal glands 
are less sensitive to radiation and have the potential for partial recovery after the completion of radiotherapy. Salivary dysfunction during radiotherapy is associated with loss of taste acuity, increased incidence of dental caries, altered 
nutritional status, and loss of appetite.[8] 

Takagi and others[86] suggested that the radiation-induced dysfunction in the salivary gland is due to an impairment of exocytosis and water secretion. Aquaporins are a family of water-transporting proteins found in mammalian cells and are 
thought to play an important role in the transport of fluid across the cell membrane. Different isoforms of this protein show organ- and cell-specific distribution. Radiation-induced salivary dysfunction is thought to arise in large part from the 
loss of salivary-specific aquaporins. Interestingly, increasing the expression of aquaporin in irradiated tissue using gene-transfer techniques has been successful in increasing salivary sections in this damaged tissue.[20] 



Sjögren's Syndrome

Henrick Sjögren was one of the first investigators to recognize the association of dry eyes and dry mouth and write a comprehensive treatise referring to this entity as keratoconjunctivitis sicca. In 1936, Duke Elder honored Sjögren by 
naming the disease Sjögren's syndrome.[85] Sjögren's syndrome is a chronic, slowly progressive, systemic autoimmune disease that predominantly affects middle-aged women. It is characterized by lymphocytic infiltration and destruction of 
the exocrine glands ( Figure 56-4 ), resulting in xerostomia, keratoconjunctivitis sicca, and exocrinopathic symptoms.[48] The majority (60%–70%) of the mononuclear infiltrating cells are CD4+ T lymphocytes.[87] In the absence of an 
associated systemic autoimmune disease, patients with this condition are classified as having primary Sjögren's syndrome. Sjögren's syndrome can also present in association with other autoim-mune diseases, such as rheumatoid arthritis, 
systemic lupus erythematosus, polymyositis, systemic sclerosis, or thyroiditis.[47] [58] The cause of Sjögren's syndrome is unknown, although multiple hypotheses have been set forth, including inappropriate B-cell activation,[41] autoantibody-
mediated cell destruction, dysregulated apoptosis,[50] [91] [92] functional inhibition of autonomic neurotransmission to lacrimal and salivary glands,[47] and abnormal distributions of aquaporin.[83] Different autoantibodies have been implicated in 
Sjögren's syndrome, including an antibody to the M3 -muscarinic receptors that mediates parasympathetic cholinergic neurotransmission to salivary and lacrimal glands.[12] Other immune effectors have also been implicated in Sjögren's 

syndrome, including proinflammatory cytokines such as interleukin 1 and tumor necrosis factor α. [82] 

Aging and Salivary Dysfunction

Dry mouth is a common complaint in the geriatric population and is commonly believed to arise from age-associated intrinsic salivary gland dysfunction. Sixty-five percent of patients over the age of 60 years whose presenting complaint is 
xerostomia have objective evidence of salivary gland hypofunction.[68] 
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Figure 56-4 Microscopic appearance of a salivary gland affected by Sjögren's syndrome. The arrowhead shows the epimyoepithelial islands and the black arrow shows an atrophic acinus. 

 

Figure 56-5 Graph demonstrating the age- and sex-specific distribution of resting whole salivary gland secretions. (From Percival RS, Challacombe SJ, Marsh PD: J Dent Res 73:1416, 1994.) 
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Chapter 57 - DIAGNOSTIC IMAGING AND FINE-NEEDLE ASPIRATION OF THE SALIVARY GLANDS

Dale H. Rice 

INTRODUCTION



A variety of diagnostic techniques is available for the investigation of salivary gland disorders. For practical purposes, these techniques are of use only for the parotid and submandibular glands. Although sialography of the sublingual glands 
can be done, it is of little practical value. The techniques in current use are sialography, radionucleotide scanning, ultrasonography, computed tomography (CT) scanning, and magnetic resonance imaging (MRI).

SIALOGRAPHY

Sialography is currently used to evaluate calculi, obstructive disease, inflammatory lesions, penetrating trauma, and mass lesions.

Mercury was used in 1904 for the first sialogram reported.[8] Both water-soluble and oil-soluble contrast media have been used, with water-soluble media currently preferred ( Table 57-1 ). Correct interpretation of the sialogram requires a 
thorough knowledge of the anatomy of the parotid and submandibular glands. Because Chapter 63 discusses this anatomy, it is not repeated here except for particular points important to the study under discussion.

To perform a sialogram, one requires the following equipment: water-soluble contrast media, such as meglumine diatrizoate 76%, a good light source, a topical anesthetic for the duct orifice, lacrimal dilators, a lacrimal cannula, a syringe, 
polyethylene tubing, a Rabinov cannula, and a tapered sidehole needle.

First, the ostium is anesthetized. If the precise opening cannot be readily identified, the area should be dried, the gland gently massaged, and the area observed for the flow of saliva. If the duct cannot be easily cannulated, gentle dilation can 
be performed with lacrimal dilators.

Contrast medium is injected gently until the patient experiences pain. For each gland (parotid or submandibular), anteroposterior, lateral, and oblique roentgenograms are obtained to eliminate all bony overlapping. A separate injection is 
done for each exposure to ensure adequate filling of the ductal systems and a good parenchymal phase.

Bilateral studies may be advisable to detect subclinical disease in the contralateral gland. Also, deviations from normal can be better appreciated. Furthermore, displacement of the gland by an extrinsic mass can more readily be seen. Finally, 
if the diseased side is studied first, radiographs of the contralateral side can serve as drainage views of the diseased side.[49] 

In the lateral view, the area of the parotid gland varies from 10.1 to 21.2 cm2 with a variation right to left of 2.5 cm.[13] Stensen's duct ranges from 0.8 to 3.2 mm in diameter, with a right-left difference of up to 0.7 mm. The parotid duct is 
approximately 6 cm long with second- and third-order branching. In the anteroposterior view, the duct is approximately 2 cm lateral to the mandible. Accessory lobules are occasionally seen superior to the duct. The submandibular duct is 5 
cm long and 2 to 4 mm wide, with branching similar to the parotid. Acinar filling may or may not occur, depending on the pressure of injection, the contrast medium, and the condition of the gland. Retention of water-soluble contrast 
medium beyond 5 minutes has been established as the norm for secretory ability. In general, if contrast medium is retained, the abnormalities provide the diagnosis.

The most important contraindications to sialography are iodine allergy and acute sialadenitis. If thyroid function tests are to be performed and if iodine interferes with them, they should be completed first.

Several variations in technique have been introduced over the years to improve the capability for diagnosing various lesions. These include simultaneous xeroradiography,[14] the use of pneumography with tomography,[17] secretory sialography,
[37] and CT sialography.[28] Only secretory sialography is of contemporary interest. It allows a measure of the physiologic
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TABLE 57-1 -- COMPARISON OF WATER-SOLUBLE AND OIL-SOLUBLE CONTRAST MEDIA

 Water Soluble Oil Soluble

Miscible with saliva ++++ 0

Physiologic solution ++ 0

Allergic reactions 0 +

Opacification +++ ++++

Local reaction + ++++

Elimination time Fast Slow

++++, Most soluble; +, least soluble.
 
function of the gland. CT sialography is excellent for the evaluation of mass lesions but is unnecessary with contemporary scanners.

Radiopaque calculi can usually be seen on the preliminary radiographs ( Figure 57-1 ). Twenty percent of submandibular calculi and 80% of parotid calculi are radiolucent. Eighty percent to 90% of all calculi occur in the submandibular 
gland. Multiple calculi occur in up to 25% of patients who develop calculi.[47] Calculi rarely cause complete obstruction, so contrast medium flows around them, showing a filling defect on sialography. A dilation of the main duct (if the 
calculus is distal) or of the intraglandular ducts may exist (if the calculus is in the hilum). [33] Occasionally a calculus passes but symptoms persist. This may indicate a ductal stricture that can be demonstrated with sialography. After passage 
or removal of the calculus, the sialographic appearance of the gland can resemble chronic sialadenitis.

 
Figure 57-1 A, plain radiograph showing bullet-shaped calculus in submandibular duct. B, A lateral radiograph of the same patient. Calculus can be seen at tooth root level midway between symphysis and third molar. 



 

Figure 57-2 A plain radiograph showing parotid calcification in advanced Sjögren's syndrome. 

 

Figure 57-3 A sialogram showing ductal ectasia common to chronic inflammatory lesions. 

 

Figure 57-4 A sialogram of Sjögren's syndrome showing extravasation of contrast media. 



 

Figure 57-5 A sialogram showing pseudocyst formation resulting from penetrating injury resulting in lacerated duct. 

 

Figure 57-6 A, A sialogram demonstrating osteochondroma of mandible in patient who presented with "parotid" mass. B, A plain radiograph demonstrating the same osteochondroma. 



 

Figure 57-7 A sialogram demonstrating smooth, curved ductal displacement around pleomorphic adenoma. 

 

Figure 57-8 A sialogram demonstrating filling defect caused by pleomorphic adenoma. 

 

Figure 57-9 An ultrasound of parotid abscess. Note large, irregular sonolucent area. 

 

Figure 57-10 Computed tomography scan of the same patient as in Figure 57-9 . Note multiple low-density areas within left parotid. Needle aspiration yielded 25 mL of purulent material. 



 

Figure 57-11 Computed tomography scan demonstrating large metastatic lymph node overlying normal submandibular gland (right). 

 

Figure 57-12 Computed tomography scan of large sebaceous cyst overlying right parotid. 

 

Figure 57-13 Computed tomography scan of pleomorphic adenoma of the left submandibular gland. 

 



Figure 57-14 Computed tomography scan of recurrent pleomorphic adenoma of the left parotid. 

 

Figure 57-15 Computed tomography scan of recurrent adenoid cystic carcinoma. Note mass replacing much of the left temporal bone. 

 

Figure 57-16 Computed tomography scan of the same patient as in Figure 57-15 , with scanner set with "bone windows." Note extensive destruction of the left temporal bone. 

 

Figure 57-17 Magnetic resonance imaging scan of patient with a large pleomorphic adenoma. 
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Chapter 58 - INFLAMMATORY DISORDERS OF THE SALIVARY GLANDS

Agustin J. Arrieta 
Thomas V. McCaffrey 

INTRODUCTION

Salivary gland infections have a wide range of presentations, depending on the etiologic agents involved and the chronicity of the infection. These might range from acute localized infections like bacterial sialadenitis to systemic diseases 
caused by viruses such as the paramyxovirus or the human immunodeficiency virus (HIV). Granulomatous infections might manifest themselves as solitary masses similar to a neoplasm. In chronic infections, ductal obstruction might be a 
predisposing factor.

BACTERIAL INFECTION OF THE SALIVARY GLANDS

Acute Suppurative Sialadenitis

Acute sialadenitis is a bacterial inflammation of the salivary glands. These infections occur in all the major salivary glands; however, the parotid gland is most commonly involved. Acute salivary gland infections have commonly been 
associated with medically debilitated and postoperative patients. The incidence of acute sialadenitis is approximately 0.02% of hospital admissions and occurs between 1 in 1000 and 1 in 2000 operative procedures.[43] Patients undergoing 



major abdominal and hip repair surgery have been identified as being at increased risk for acute suppurative sialadenitis. The disease is most commonly reported to occur within the first two postoperative weeks.[37] Of the medically ill patients 
affected by sialadenitis, approximately 25% have a malignant lesion, and another 50% have a preexisting infection elsewhere than the head and neck. Most affected patients are between 50 and 60 years of age, with an equal incidence among 
men and women.[44] 

Acute infection of the salivary glands is caused by retrograde bacterial contamination of the salivary ducts from the oral cavity. Stasis of salivary flow secondary to dehydration or significant hemorrhage permits retrograde migration of 
bacteria, producing suppurative infection of the gland parenchyma. The parotid gland is most susceptible to such infections.

The parotid gland produces saliva that is mainly serous, as opposed to saliva from the submandibular and sublingual glands that is primarily mucoid. Serous saliva, unlike mucinous saliva, is deficient in lysosomes, IgA antibodies, and sialic 
acid, which have antimicrobial properties. In addition, the saliva from the submandibular and sublingual glands contains high molecular weight glycoproteins that competitively inhibit bacterial attachment to the epithelial cells of the salivary 
ducts.[61] Several predisposing factors might lead to acute sialadenitis. These include diseases such as diabetes mellitus, hypothyroidism, renal failure, and Sjögren's syndrome. Medications might produce reduced salivary flow through 
multiple mechanisms ( Figure 58-1 ).

Mechanical impairment of salivary flow also predisposes to acute infection. Stenosis of the salivary ducts secondary to trauma or a foreign body has been reported to result in acute sialadenitis. Sialolithiasis, more frequent in the ducts of the 
submandibular and sublingual glands, might also contribute to acute infection but more commonly produces chronic salivary gland infection.[38] The most commonly cultured organism among hospitalized patients with acute sialadenitis is 
penicillin-resistant Staphylococcus aureus, but Streptococcus species, including Streptococcus pyogenes, Streptococcus viridans, and Streptococcus pneumoniae, as well as Hemophilus influenzae, can be isolated in community-acquired 
cases. More recently, the importance of anaerobic and gram-negative bacteria in acute suppurative parotitis has been established. In one study, anaerobic bacteria were isolated from 64% of cases of acute suppurative sialadenitis. The 
anaerobic bacteria most frequently cultured were Peptostreptococcus, bacteroides species, and fusobacterium. This apparent shift in microbiology might be the result of improved anaerobic bacterial culture technique rather than a true change 
in the flora of acute salivary gland infections.[8] [29] [44] 

Acute suppurative sialadenitis presents with local symptoms consisting of the rapid onset of pain and swelling over the affected salivary gland ( Figure 58-2 ).
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Figure 58-1 Pathophysiology and predisposing factors for the development of acute and chronic suppurative sialadenitis. 

 

Figure 58-2 An acutely formed abscess of the parotid gland demonstrating diffuse unilateral edema. 

 



Figure 58-3 A purulent exudate emerging from the orifice of Stensen's duct. 

 

Figure 58-4 Surgical approach to the drainage of an acute parotid gland abscess. A, Standard curvilinear incision. B, Elevation of an anterior-based facial flap and identification of regional anatomic landmarks. C, Abscess drainage by means 
of incisions in the parotid fascia parallel to facial nerve branches. D, Marginal approximation of wound edges and drainage with the central aspect left to heal by secondary intention. 

 

Figure 58-5 Patterns of progression of parotid abscesses. A, Prestyloid extension to parapharyngeal space (arrow). B, Poststyloid extension to carotid sheath (arrow). C, Anteroinferior extension anterior to the posterior digastric belly of the 
submandibular space (arrow) D, Inferior extension posterior to the posterior digastric belly to the carotid triangle (arrow). 



 

Figure 58-6 A simplified algorithm for the diagnosis and management of chronic salivary gland inflammation. 

 

Figure 58-7 Development of acute suppurative sialadenitis and abscess secondary to submandibular gland sialolithiasis. 

 

Figure 58-8 An occlusal view radiograph demonstrating an opaque calculus in Wharton's duct. 

 

Figure 58-9 Techniques for localization and retrieval of a submandibular duct calculus. 

 



Figure 58-10 Clinical appearance of human immunodeficiency virus-related enlargement of the parotid gland. (From Debo RF, Davidson M, Petrow CA: Arch Otolaryngol Head Neck Surg 116:487, 1990.) 

 

Figure 58-11 Intraoperative appearance of a parotid gland cyst occurring in a human immunodeficiency virus-seropositive patient. (From Debo RF, Davidson M, Petrow CA: Arch Otolaryngol Head Neck Surg 116:487, 1990.) 

 

Figure 58-12 A 4-year-old girl with nontuberculous mycobacterial involvement of periparotid lymph nodes. 
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Chapter 59 - TRAUMA OF THE SALIVARY GLANDS



Jeffrey R. Haller 

INTRODUCTION

Injuries to the salivary glands remain uncommon, with the primary cause being penetrating trauma. Other acute causes of salivary gland injury include blunt trauma and blast injuries. Salivary gland injuries are often associated with multiple 
trauma victims and can go unnoticed. Because of the relatively infrequent nature of these injuries, the literature is somewhat limited. Many reports of the treatment of salivary trauma come from experiences during war time, with one of the 
largest coming from World War II.[15] Chronic injury to salivary tissue can result from irradiation, chronic infection, or chronic obstruction. Irradiation injury is most commonly associated with external beam radiation, but it can also be the 
result of sequelae suffered from radioactive iodine treatments. Chronic insult to salivary tissue is more commonly encountered than acute salivary injuries but is less likely to require or respond to intervention.

Proper management resulting in the most optimal outcome requires early recognition and an accurate evaluation ( Figure 59-1 ). A number of methods for dealing with salivary injuries have been advocated. This chapter will emphasize the 
medical and surgical treatment to parotid and submandibular gland injuries, both acute and chronic. Although chronic injuries are covered, a thorough discussion of radiation adverse effects and sialadenitis can be found elsewhere in the text.

ANATOMY

Posteriorly, the parotid gland abuts the anterior portion of the external auditory canal. Anteriorly, it extends 3 to 4 cm over the surface of the masseter muscle. Superiorly, it lies just inferior to the border of the zygoma. The tail of the parotid 
lies inferior and posterior and covers the superior anterior portion of the sternocleidomastoid muscle. The facial nerve separates superficial and deep portions of the gland and, although they are denoted as separate, they are in reality 
continuous. The parotid gland lies directly under the skin with a variable amount of subcutaneous fat. It is encapsulated by a fibrous layer of parotid fascia. The deep lobe of the parotid gland extends behind the ramus of the mandible. 
Bilaterally, Stensen's duct drains the parotid glands into the oral cavity through buccal mucosa at the level of the upper second molar tooth. Its closest relationship is to the buccal division of the facial nerve, which it generally intersects as the 
nerve divides. A more consistent anatomic relationship is to the zygomatic arch, in which it runs parallel and just inferior. As Stensen's duct crosses the masseter muscle before entering the oral cavity, it is not uncommon for a small amount 
of accessory parotid tissue to be present.[13] 

The facial nerve penetrates and traverses throughout the parotid gland, making it a critical factor when evaluating and treating injuries to this region. The nerve emerges from the mastoid bone at the level of the digastric muscle through the 
stylomastoid foramen. The main trunk divides at the pes anserinus into the upper temporal facial and lower cervical facial divisions.[13] Major divisions of the nerve include the temporal, zygomatic, buccal, marginal mandibular, and cervical. 
The temporal and marginal mandibular divisions tend to be more consistent in their number of branches with less cross-innervation. The zygomatic and buccal divisions tend to have a more extensive cross-network with a greater variability 
in the number of branches[8] ( Figure 59-2 ).

The carotid sheath lies deep to the parotid gland and must be considered, especially with penetrating trauma to the gland. Carotid injuries can be life threatening. They take precedence over injury to the salivary tissue, requiring early 
exploration or appropriate radiographic workup. The external carotid artery divides at the inferior level of the gland into the superficial temporal artery and the internal maxillary artery. Although they may be associated with a parotid injury, 
they are much less likely to involve serious sequela. Since injury to the
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Figure 59-1 Management of parotid injury. 



 

Figure 59-2 The dissection of a parotid gland showing Wharton's duct and the facial nerve. Note a separation of the superficial and deep lobes of the gland by the facial nerve (From Hollingshead WH: Head and Neck Anatomy, Philadelphia, 
1982, Harper & Row.) 

 

Figure 59-3 Demonstration of repair of a salivary duct over a polyethylene catheter (From Olson NR: Otolaryngol Clin North Am 10:345, 1977.) 

 

Figure 59-4 The ends of the salivary gland may be placed in a microvascular framed clamp for ease with an approximation when repairing the duct (From Julian Mack, University of Utah Medical Illustrations.) 

 

Figure 59-5 Representation of repair of parotid duct using a polyethylene tube cannulated through the mouth. A, The catheter is brought into the wound through the mouth. B, A straight needle is placed through the distal end and through the 
proximal end of the duct threaded through the lateral duct wall at the grand hilum sutured over the skin. C, The catheter is advanced posteriorly so the distal end lies within the duct. Therefore, no portion of the catheter lies in the oral cavity, 
so when the catheter is removed it can be done superficially. The catheter is sutured to the overlaying skin (From Landau R, Stewart M: Br J Surg 72:42, 1985.) 



 
 

Box 59-1. MANAGEMENT OF PAROTID SIALOCELES AND FISTULAE CLASSIFICATION OF 
REPORTED METHODS IN THE LITERATURE

Diversion of parotid secretion into the mouth 
 
Reconstructive methods 
 
Delayed primary repair of duct 
 
Reconstruction of duct with vein graft 
 
Mucosal flaps 
 
Suture of proximal duct to buccal mucosa 
 
Formation of a controlled internal fistula 
 
T-tube or catheter drainage into the mouth 
 
Drainage of proximal duct by a catheter 
 
Parotidectomy 
 
Local therapy to the fistula 
 
Excision 
 



Cauterization 
 
Depression of parotid secretion 
 
Surgical approaches 
 
Duct ligation 
 
Sectioning of the auricotemporal or Jacobsen's nerve 
 
Conservative approaches 
 
Administering nothing orally to the patient until the fistula 
 
Drugs: atropine or Probanthine 
 
Radiotherapy 
 
Repeated aspiration and pressure dressing 
 

 
(From Parelch D and others: Ann Surg 209:105, 1989.)

 
 
When a nerve is lacerated, depending on the location of the injury, it is generally repaired primarily. However, if the laceration is in front of a vertical line extending from the lateral canthus to the mental foramen, recovery is likely and repair 
is not necessary.[8] Injuries proximal to this imaginary line should be considered for repair. McCabe[18] posited that nerve repair should be delayed. He suggested that, metabolically, the facial nerve is in a more favorable state 21 days after the 
injury.[18] His conclusions were that the nerves would have a higher chance of regeneration if repair was delayed for the 3-week period. Recent data contradicts this and suggests that the sooner the integrity of the nerve is reestablished, the 
better the outcome. [6] [9] In the author's patients, the nerve repair depends on the condition of the patient, and most are repaired as soon as possible after injury.

The facial nerve can be anastomosed epineurally, perineurally, or intrafascicularly.[7] [26] To date, the most effective methods remain clinically unproven. Proponents of the perineural and interfascicular repair maintain that by lining up the 
fascicles, one is improving the realignment of the axons. Opponents believe that this method of repair enhances scarring, decreases blood supply, and decreases ultimate outcome. In a review by Terris and Fee,[33] their preference was for 
epineural repair with a suturing technique, and they stated this should be the gold standard method against which all methods were tested against. The author prefers an epineural suture repair, in which fine sutures (8.0 or 9.0 nylon) are 
placed in an interrupted fashion. Magnification is helpful to direct proper placement of the suture. Only as many sutures as are needed are placed to align the nerve. Although tissue glues and fine-tuned lasers pose an interesting alternative, 
their efficacy is yet to be proven. They have a theoretical advantage of not placing foreign material, and therefore they effect less scarring.[14] To this point in time, no improvement has been seen using other innovative methods. Fine 
monofilament suture repair remains the method of choice.

The facial nerve should not be repaired under tension. When the nerve ends are separated by more than 1 cm and cannot be easily released, a nerve graft should be considered to avoid repairing the nerve under tension. Traditional nerve 
grafts include the greater auricular and sural nerves. An advantage of the greater auricular nerve is that it is close and often within the operating field. A severe injury with major tissue loss may require more tissue length than the greater 
auricular nerve allows. The sensory defect associated with the greater auricular nerve is a numb ear, and this may be bothersome to some patients. The sural nerve has abundant length and is reasonably easy for harvesting. The numbness is 
well tolerated; however, a scar in this region can be bothersome. When the greater auricular nerve is not suitable, The author prefers to use the medial antibrachial cutaneous branch of the median nerve. It provides adequate length and has a 
favorable diameter and branching pattern, similar to the facial nerve. The donor site is the inner aspect of the upper arm, and the numbness is difficult to notice and well tolerated. [20] 

BLUNT TRAUMA

Blunt trauma can also cause disruption of salivary tissue, yet it is less commonly associated with salivary complications. These injuries are rare and, when encountered, will likely respond to conservative measures. Shetty[29] demonstrated 
dysfunction in the filling pattern of the parotid gland in patients who sustained blunt trauma; therefore, on occasion, salivary
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complications from blunt trauma injury to the parotid glands may be seen. These injuries are most often treated with prudent observation. Shetty also found associated fractures of the mandible, zygomatic arch, and malar complex.[29] When 
suspicious, CT imaging is necessary for evaluation of the skeletal structures.

Radiation Injury to Salivary Glands

When salivary glands are included in the radiation field, xerostomia results from impaired function of the salivary glands. This can be one of the most devastating effects caused by radiation treatments to the head and neck. Whenever 
possible, portions of the gland should be protected because remaining secreting cells have the ability to undergo hypertrophy and improve salivary function. Additionally, external beam radiation appears to increase the incidence of tumors in 
salivary tissue. Modan[19] observed a higher frequency of salivary gland tumors in children who had received radiation for other conditions. Also, children who had received radiation to the thymus subsequently developed parotid and 
submaxillary gland malignancies at a higher rate than expected in the general population.[27] Finally, studies of the survivors of the bombings of Hiroshima have a higher incidence of benign and malignant salivary gland tumors.[32] 

Acute and chronic sialadenitis has been demonstrated in patients treated with therapeutic doses of iodine-131 (I-131) for thyroid cancer.[17] Most patients simply note altered composition of their saliva with minimal other complaints.



However, occasionally patients experience severe symptoms. The injury is caused by an uptake of I-131 by the glands.[2] Although most are transitory, there are reports of long-term salivary damage. Sialagogues can be helpful during I-131 
treatment to stimulate the gland and minimize the effects.

Sialadenitis

Chronic infections of salivary glands can lead to chronic salivary dysfunction. Generally, the infection results from obstruction of flow resulting in a pooling of fluid. Optimally, early intervention relieves the gland of the obstruction. Chronic 
obstruction can lead to chronic recurrent infections. Conservative therapy should first be attempted by dilation of the salivary duct and the use of sialagogues and antibiotics. Only after conservative therapy has failed should an attempt be 
made for surgically removing the glands.

SUMMARY

Injury to the salivary glands remains uncommon. However, the injuries may be serious and associated with long-term morbidity. When an injury takes place, a thorough history and examination is prudent. It is important not to overlook these 
injuries, and they should be suspected in multiple trauma victims with injury to the face. Surrounding structures should be assessed thoroughly because injuries significant enough to damage the salivary glands can also cause musculoskeletal 
or neurovascular injuries.

Penetrating injuries to the parotid gland increase the likelihood of ductal or facial nerve injury. Both should be repaired primarily when possible. Missing a duct injury can lead to development of a posttraumatic fistula or sialocele. 
Conservative therapy for salivary fistulas may include aspiration and compressive dressings. Additionally, the use of Probanthine and withholding oral feeding has been proven beneficial. Most injuries can resolve with conservative therapy.

Blunt trauma less frequently involves facial nerve or glandular and duct injury. When present, follow-up observation is recommended. Electrical testing can be used to predict recovery of the facial nerve injury. Blunt salivary injuries can be 
treated similarly to treatment of a penetrating injury. The preferred outcome for the patient stems from early recognition of injured structures through accurate evaluation followed by appropriate treatment.
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Chapter 60 - BENIGN NEOPLASMS OF THE SALIVARY GLANDS

Ehab Y. Hanna 
Stephen Lee 
Chun Y. Fan 
James Y. Suen 

INTRODUCTION

The most common benign neoplasm of the salivary glands is pleomorphic adenoma originating from the parotid gland. Surgical excision is usually all that is required to provide both definitive diagnosis and adequate treatment. Despite this 
relatively simple algorithm, management of other types of salivary neoplasms is challenging because of their relative infrequency, inconsistent classification, and variable biologic behavior. Better understanding of the histiogenesis of 
neoplasms of the salivary glands, however, has allowed a more consistent and rational classification of these tumors. Recent advances in molecular biology and tumor genomics have shed some light on the genetic basis of certain types of 
tumors of the salivary glands. The role of fine-needle aspiration biopsy (FNAB) and high-resolution imaging in the management of patients with salivary neoplasms continues to evolve. This chapter will discuss some of the advances made in 
understanding the etiology and histiogenesis of salivary tumors and will describe a contemporary approach to the diagnosis and management of patients with benign neoplasms of the salivary glands.

HISTOGENESIS OF NEOPLASMS OF THE SALIVARY GLANDS

Understanding the origin of benign salivary gland tumors requires knowledge of the embryology and ultrastructure of the normal salivary gland. The major salivary glands originate from ectoderm and begin their development during the 
sixth week of gestation as solid, ridge-like ingrowths of the oral epithelium. [14] These ingrowths continue to develop into tubules that later become the ductal system of the salivary glands. In the major salivary glands, both serous and mucous 
cells are arranged into acini that are drained by a series of ducts—an intercalated duct that drains into a striated duct, which empties into an excretory duct. Contractile myoepithelial cells surround the acini and intercalated ducts and help in 
draining saliva through the ductal system ( Figure 60-1 ). The parotid gland consists of predominately serous acini. The submandibular gland is composed of a mixture of serous and mucinous acini while sublingual gland and minor salivary 
glands scattered throughout the upper aerodigestive tract contain predominantly mucinous acini.

At least two theories of tumorigenesis have been proposed for salivary gland neoplasms.[53] In the multicellular theory, each type of neoplasm is thought to originate from a distinctive cell type within the salivary gland unit. According to this 



theory, Warthin's and oncocytic tumors are thought to arise from striated ductal cells, acinic cell tumors from acinar cells, and mixed tumors from intercalated duct and myoepithelial cells.[19] This theory is supported by the observation that all 
differentiated salivary cell types retain the ability to undergo mitosis and regenerate.[20] [21] An alternative theory, the bicellular reserve cell theory, assumes that the origin of the various types of salivary neoplasms can be traced to the basal cells 
of either the excretory or the intercalated duct. According to this theory, either of these two cells can act as a reserve cell with the potential for differentiation into a variety of epithelial cells.[9] Hence, despite the seeming heterogeneity of 
salivary tumors, they are all thought to arise from one of two pluripotential cell populations. In this model, adenomatoid tumors, including pleomorphic adenoma and oncocytic tumors, are derived from the reserve cell of the intercalated duct, 
whereas epidermoid tumors, such as squamous cell carcinoma and mucoepidermoid carcinomas, are derived from the reserve cell of the excretory duct.[10] Recently, there have been several studies
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Figure 60-1 Structural elements of the salivary gland unit. 

 

Figure 60-2 The site of origin of salivary neoplasms. 

 

Figure 60-3 The incidence of benign and malignant salivary neoplasms according to the site of origin. 

 

TABLE 60-1 -- THE DISTRIBUTION OF 2807 SALIVARY NEOPLASMS

Histology Number of Patients Percent

Pleomorphic adenoma 1274 45.4

Warthin's tumor 183 6.5

Benign cyst 29 1.0

Lymphoepithelial lesion 17 0.6

Oncocytoma 20 0.7

Monomorphic adenoma 6 0.2

Mucoepidermoid carcinoma 439 15.7

Adenoidcystic carcinoma 281 10.0

Adnocarcinoma 225 8.0



Malignant mixed tumor 161 5.7

Acinic cell carcinoma 84 3.0

Epidermoid carcinoma 53 1.9

Other (anaplastic) 35 1.3

Total 2807 100

Spiro RH: Head Neck Surg 8:177, © 1986 John Wiley & Sons.
 
and other forms of autoimmune parotitis usually present with bilateral parotid swelling, although in some patients this may be asymmetrical or even unilateral. An obstruction of the Stensen's duct with a stone may lead to an acute painful 
swelling of the parotid gland. A rapid increase in size of a longstanding mass should raise the suspicion of malignant transformation of a preexisting benign tumor, but this may be due to inflammation or cystic degeneration most commonly 
associated with Warthin's tumor. Patients presenting with a mass in the parotid gland should be asked about a history of cancer of the scalp or facial skin. Metastasis to the parotid gland from skin cancer including melanoma may be 
diagnosed by a careful examination of these areas for evidence of a skin cancer or a scar of previous excision.

On examination, benign tumors of the parotid gland are usually well-defined, nontender, and freely
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mobile. They are commonly located in the "tail" of the parotid gland, but they may be present anywhere in the superficial or deep lobe. Tumors can originate entirely from the deep lobe ( Figure 60-4 ) or extend from the superficial to the 
deep lobe through the relatively narrow stylomandibular tunnel, giving the appearance of a dumbbell-shaped tumor ( Figure 60-5 ). In either case, the tumor can extend to the parapharyngeal space and displace the oropharyngeal wall 
medially ( Figure 60-6 ). The presence of facial nerve paresis or paralysis, pain, fixation of the mass to the overlying skin or underlying structures, and associated cervical adenopathy usually indicate the presence of malignancy. It should be 
noted, however, that these findings usually indicate local or regional extension of the tumor, and the diagnosis of parotid malignancy should not await the development of these signs and symptoms. The possibility of malignancy should be 
ruled out in patients presenting with any mass in the parotid gland. This will usually require cytologic or histologic evaluation with an FNAB or parotidectomy, respectively.

Benign tumors of the submandibular gland are relatively uncommon and usually present as a painless, mobile mass in the submandibular triangle. Involvement 

 
Figure 60-4 A, Axial and B, coronal diagrams of round tumor passing posterior to stylomandibular ligament to appear as mass in parapharyngeal space. Arrows indicate potential routes of tumor spread. 

 

Figure 60-5 A, Axial and B, coronal diagrams of relationship of dumbbell tumor to stylomandibular ligament. Dumbbell tumor enters parapharyngeal space through stylomandibular membrane between the mandible and the stylomandibular 
ligament. Arrows indicate potential routes of tumor spread. 



 

Figure 60-6 Pleomorphic adenoma of the deep lobe of a parotid gland, causing medial displacement of the palate and tonsil. 

 

Figure 60-7 A 40-year-old male presented with a large, painless, slow-growing parotid mass. Fine-needle aspiration biopsy was indeterminate. A, Anterior view. B, Lateral view. C, An axial CT with intravenous contrast demonstrating a 
large, rounded, well-defined mass with smooth borders in the parotid gland. The mass was nonenhancing and had the same density as the subcutaneous fat. These findings were pathognomonic of parotid lipoma. D, A superficial 
parotidectomy was performed, and the diagnosis was confirmed. 



 

Figure 60-8 Pleomorphic adenoma of the parotid gland. The mass originated from the deep lobe of the gland and extended to the parapharyngeal space through the stylomandibular tunnel where it is somewhat constricted, giving the 
appearance of a dumbbell. Note the medial displacement of the oropharynx. The mass has well-defined borders and does not invade surrounding structures. The mass is iso-intense on T1-weighted MRI (A), shows post Gadolinium contrast 
enhancement (B), and has a high signal intensity on T2-weighted MRI (C). These signal characteristics are highly suggestive of pleomorphic adenoma. 

 

Figure 60-9 T1-weighted MRI with gadolinium of a patient with mucoepidermoid carcinoma of the parotid shows the tumor to have irregular border and is indistinct from the normal parotid gland. Note complete encasement, rather than 
displacement of both the internal (white arrow) and external carotid arteries (black arrow) in both the axial (A) and coronal (B) images. 

 

Figure 60-10a Large pleomorphic adenoma of the parotid gland. A, Axial computed tomography with contrast, and B, T1-weighted without and C, with gadolinium. The tumor involves the superficial and deep lobe of the parotid gland and 
lies anterior to the styloid process (prestyloid) (white arrowhead in A, B, and C). The fat of the parapharyngeal space is displaced medially (black arrowhead in B), and the carotid artery displaced posteriorly (white arrow in B). The isthmus 
of tumor between the superficial and deep components passes through the stylomandibular space, and therefore is relatively narrow, giving the appearance of a dumbbell (black arrowheads in C). 



 

Figure 60-10b 

 

Figure 60-11 In contrast to the dumbbell tumor depicted in Figure 60-10a and Figure 60-10b , this pleomorphic adenoma originates entirely from the deep lobe of the parotid gland (black arrow) and lies entirely medial to the 
stylomandibular tunnel. Pleomorphic adenomas originating from the minor salivary glands of the parapharyngeal space have a similar appearance on high-resolution imaging but are not connected to the parotid gland. Regardless of their 
origin, salivary gland tumors of the parapharyngeal space will occupy the prestyloid compartment and displace the carotid artery posteriorly (white arrow). 

 

Figure 60-12 On magnetic resonance imaging (MRI), tumors of the poststyloid compartment are usually located behind the carotid artery, displacing it anteriorly (arrow). Neurogenic tumors usually enhance intensely with gadolinium (A), 
while glomus tumors have characteristic serpiginous flow voids on MRI giving a "salt and pepper appearance" (B). 



 

Figure 60-13 Pleomorphic adenoma of the palate. A, Intraoperative view. B, Transoral tumor resection. C, Tumor specimen. 

 

Figure 60-14 Pleomorphic adenoma of the lacrimal gland. 



 

Figure 60-15 Recurrent pleomorphic adenoma of the right parotid gland. Note the multicentric pattern of recurrence in both the coronal (A) and axial. (B) T1-weighted magnetic resonance (MR) with gadolinium. C, The postoperative axial 
T1-weighted MR with gadolinium shows complete resection of all recurrent tumors. 

 

Figure 60-16a Right superficial parotidectomy. A, Modified Blair incision for a right parotidectomy. B, Flap elevation and freeing the tail of the parotid gland. C, Incision of the fascia between the parotid gland and the cartilaginous external 
auditory canal, and anterior retraction of the parotid gland. This exposes the tragal cartilage (TC), and the insertion of the posterior belly of digastric muscle (DGM) to the mastoid bone. SCM, sternocleidomastoid muscle. D, Identification of 
the main trunk of the facial nerve. The facial nerve is usually identified by dissecting the main trunk (white arrow) in the region located between the tragal pointer (white arrowhead) and the attachment of the posterior belly of the DGM to 
the mastoid bone. Unless displaced by tumor, the nerve is usually located approximately 1 to 1.5 cm deep and inferior to the tragal pointer. Dissection of the main trunk then proceeds distally until it branches (double arrow), and then all 
branches are sequentially and meticulously dissected. 



 

Figure 60-16b E, Complete dissection of all parotid tissue lateral to the facial nerve reveals the main trunk and the complex branching pattern of the facial nerve (pes anserinus). PF, Parotid fascia; PT, parotid tail; SCM, sternocleidomastoid 
muscle; PM, platysma muscle. 

 

Figure 60-17 Modified "facelift" incision for parotidectomy. A, Unlike the modified Blair incision, which has a cervical extension (see Figure 60-16, A ), the facelift incision extends posteriorly and inferiorly along the hairline. B, Early 
postoperative appearance of the healing incision. C, The hairline portion of the incision is inconspicuous, making this approach more cosmetically pleasing. 



 

Figure 60-18a Excision of the submandibular salivary gland. A, Submandibular incision, made in a natural skin crease 3 to 4 cm inferior to mandible. Marginal mandibular nerve generally lies just superficial to anterior facial vein. B, 
External maxillary artery is identified on submandibular gland. 



 

Figure 60-18b C, Mylohyoid is retracted anteriorly and the gland posteriorly. This exposes the lingual nerve, submandibular ganglion, and Wharton's duct. D, Hypoglossal nerve, running between the hypoglossus and mylohyoid muscles. 
External maxillary artery must be divided a second time. 

 

Figure 60-19a Transcervical approach to the right parapharyngeal space. A, Incision for transcervical approach to the parapharyngeal space. The incision can be extended to the submandibular region and can also extend as a lip-splitting 
incision if a mandibulotomy is needed for added exposure (dotted line). B, The main trunk of the facial nerve is identified in the same manner as described for superficial parotidectomy. For most benign tumors of the parapharyngeal space, 
dissection of the facial nerve is limited to the main trunk and the inferior division of the nerve (arrow). Dissection of the upper division is occasionally necessary for adequate exposure and tumor resection. C, Exposure of the neurovascular 
structures in the upper cervical region. These include the internal jugular vein (IJV), internal carotid artery (ICA), external carotid artery (ECA), and cranial nerves (CN) X, XI, and XII. D, The stylomandibular ligament (white arrow) is seen 
overlying the curved hemostat. The relationship of the main trunk of the facial nerve (black arrow) and the tragal "pointer" (white arrowhead) is also demonstrated. E, Division of the stylomandibular ligament allows further anterior 
retraction of the mandible, and resection of the styloid process allows more cephalad exposure of the parapharyngeal space. These maneuvers allow wide access to the parapharyngeal space for adequate tumor (T) exposure. F, Pleomorphic 
adenoma of the parapharyngeal space. SCM, Sternocleidomastoid muscle; DGM, digastric muscle. 



 

Figure 60-19b 

 



Figure 60-20a Mandibulotomy approach for excision of tumors in the parapharyngeal space. A, Lip-splitting incision for mandibulotomy. B, Upper cervical dissection and exposure of the mandible with identification and preservation of the 
mental nerve. 

 

Figure 60-20b C, A "Chevron" osteotomy is outlined anterior to the mental foramen. D, A metal plate is preregistered and fixed to the mandible before the planned osteotomy to avoid postoperative malocclusion. E, A microreciprocating 
saw is used to perform the osteotomy to minimize bone loss at the osteotomy site. F, After the osteotomy is distracted, dissection is carried along the floor of mouth just lateral to the tongue, providing wider access to the parapharyngeal 
space. 
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Chapter 61 - MALIGNANT NEOPLASMS OF THE SALIVARY GLANDS

Alfred Simental 
Ricardo L. Carrau 

INTRODUCTION

Malignant neoplasms of the salivary glands are relatively rare, accounting for approximately 6% of all head and neck malignancies. Their predilection for late recurrence, which may occur up to 20 years after initial treatment, complicates the 
accurate assessment of their biologic activity and treatment efficacy.[5] [109] Thus, great efforts are required for any single institution to accumulate a large patient population with adequate follow-up. In addition, diagnostic and treatment 
protocols have evolved over study periods, thus patients in the same reported cohort might have wide variation in their individual evaluations and treatment, despite similar tumor histology.

EPIDEMIOLOGY



Pinkston and Cole[106] estimated that 1 in 100,000 U.S. residents will develop a salivary malignancy at an average age of 56.6 years of age. They reported malignancy in 13% of all salivary tumors, the most common being mucoepidermoid 
carcinoma. Little is known about specific environmental or genetic risk factors that contribute to the development of salivary malignancy. It has been postulated that ionizing radiation, therapeutic or diagnostic, as well as radiation from 
atomic fallout, can be related to the development of salivary malignancy. * 

In two reports, mucoepidermoid carcinoma was the most common histologic finding in postirradiation salivary gland carcinoma.[101] [128] The exact dose of radiation necessary to cause development of salivary carcinoma is not known. Horn-
Ross and others[63] found that patients receiving full-mouth dental x-rays had an increased risk, whereas those receiving Panorex mandible films did not. Belsky[23] analyzed the experience with 30 patients who had salivary tumors develop after 
the atomic bomb in Japan and found that exposure to 300 rad or more was significantly associated with the development of malignancy.

The identification and avoidance of environmental agents that could contribute to the development of cancer is an important prevention strategy ( Box 61-1 ). Besides radiation, environmental factors such as use of hair dye and alcohol intake 
have been associated with an increased risk of salivary gland cancer in women.[127] Employment in the rubber industry, exposure to nickel alloys, exposure to silica dust, and the use of kerosene as cooking fuel have been associated with an 
increased risk of a primary salivary malignancy developing.[63] [152] 

A history of skin cancer has also been found to be associated with subsequent development of a primary salivary cancer,[128] and when it originates in the scalp or face, it also presents a risk for metastases to the parotid gland.[65] [72] [75] Vegetables 
preserved in salt were associated with slightly increased risk (twofold) of salivary malignancy.[152] However, Zheng and others[152] reported that a higher dietary intake of dark-yellow vegetables (carrots, sweet potatoes, etc.) and consumption of 
live-stock liver were associated with a decreased risk. This benefit may be attributed to the rich content of vitamin A and vitamin C in these foods. Vitamins A and C have been previously suggested to decrease the risk of other human 
cancers.[25] [83] [92] [102] [130] 

DIAGNOSIS OF SALIVARY GLAND NEOPLASMS

Clinical

The clinical presentation of malignant and benign salivary tumors is often indistinguishable. A mobile, painless mass that is not rapidly growing is a common presentation for both benign and malignant salivary tumors.[126] The absence of 
symptoms plays a key role in the delay of diagnosis that is commonly encountered when salivary neoplasms are initially evaluated. In fact, malignant salivary neoplasms present as a painless mass in approximately 75% of patients. Only

*References [23] [63] [107] [127] [128] [152]  
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6% to 29% of patients are initially seen with pain, and 6% to 13% are initially seen with facial nerve palsy.[5] [46] [69] Nonetheless, a palpable mass arising in a salivary gland, associated with pain, and/or nerve paralysis is more likely to be 
malignant than benign.[143] It is believed that episodic pain suggests continued obstruction, whereas constant pain is more suggestive of malignancy.[5] Trismus, cervical adenopathy, fixation, numbness, loose dentition, or bleeding also suggest 
the presence of malignancy. The sensitivity of clinical assessment to discern the malignant nature of a salivary gland neoplasm ranges from 25%[147] to 85%.[71] 

 
 

Box 61-1. FACTORS ASSOCIATED WITH RISK OF PRIMARY SALIVARY MALIGNANCY * 

Increased risk 
 
Radiation exposure 
 
Full-mouth dental x-rays 
 
Skin cancer 
 
Rubber industry 
 
Nickel compound/alloy 
 
Hair dye 
 
Silica dust 
 
Kerosene cooking fuels 
 
Vegetables preserved in salt 
 
Decreased risk 
 
High intake liver 
 
High intake dark yellow vegetables 



 

*References [23] [63] [65] [72] [75] [106] [107] [127] [128] [152]  

 
 
Furthermore, the presence of symptoms associated with a malignant salivary tumor often suggests advanced disease. In a review of 470 patients with salivary carcinoma, Spiro[119] found that patients with facial paralysis or nodal metastasis 
demonstrated 10-year survival rates of 16% and 12%, respectively, notably worse than the survival rate of patients without these findings. Similarly, Frankenthaler and others[46] found that 80% of patients with facial paralysis died of the their 
disease.

Imaging

In general, there is no radiologic test that can accurately diagnose the presence or absence of malignancy. Although well-defined, mobile tumors of the parotid or submandibular gland may be approached without imaging studies, radiologic 
evaluation is helpful to ascertain the location and extent of disease. This is especially true in cases of deep tissue or parapharyngeal involvement.

Sialography, often used for the diagnosis of obstructive disease of the major salivary glands, is not useful in the diagnosis and management of salivary malignancies. Although tumors may cause obstruction or stricture, the presence and 
nature of a mass is not revealed by sialographic technique. Likewise, the usefulness of ultrasound is also limited in the diagnosis of salivary malignancy. The appearance of benign and malignant disease is similar by ultrasound,[77] even with 
color-flow Doppler.[26] A better role for ultrasound is to provide guidance in obtaining fine-needle biopsy specimens from deep parotid or parapharyngeal space tumors. In patients with cystic or heterogeneous masses, ultrasound ensures 
sampling of the solid component and may also be helpful in biopsy masses that are difficult to palpate.[44] Buckland and others[27] reported 100% diagnostic accuracy with ultrasound-guided cutting-needle core biopsy technique in 16 patients. 
However, the use of this technique is usually limited to the evaluation of poor surgical candidates because of the potential seeding associated with a large-bore needle tract. Some authors have suggested that ultrasound may be useful in the 
initial evaluation of children with suspected salivary disease, because it can determine the presence of a mass without radiation.[48] [117] This should be a rare scenario, and in those children with clear clinical evidence of a salivary gland 
neoplasm, ultrasound is an unnecessary step.

Computed tomography (CT) with the administration of intravenous contrast provides excellent detail of the tumor volume, its relation to vascular and bony structures, as well as surveillance of the regional lymphatics ( Figure 61-1 ). CT 
imaging is useful in 

 
Figure 61-1 Axial CT demonstrating parotid tumor in relation to bony and vascular structures. In addition, the cystic nature of the tumor is seen. Arrows demonstrate tumor extension into parapharyngeal space by way of the stylomandibular 
tunnel. 

 

Figure 61-2 The difference between MRI and CT images is easily appreciated. CT imaging clearly demonstrates cortical bone erosion of the maxilla (white arrow). Tumor extension posterior to mandible (dashed arrow). 



 

Figure 61-3 MRI is superior in defining the tumor boundaries (solid arrow), whereas bony landmarks appear as image voids (dashed arrow). 

 
†References [4] [33] [67] [86] [133] [147] [151] . 
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In patients who underwent FNAB that were reported as "nondiagnostic," the rate of malignant disease was 16%. Obviously, the success of FNAB mainly relies on the ability and experience of the cytopathologist. Of particular concern when 
FNAB is used is the differentiation between a low-grade malignancy and benign disease. An incisional biopsy at a site that can be excised during the definitive surgery approximates 100% accuracy and is therefore preferable in those patients 
in whom the extent of the surgery (e.g., no surgery, nerve sacrifice, total vs superficial parotidectomy) would change with a change in histologic diagnosis. Oral or sinonasal tumors that are readily accessible are more appropriately evaluated 
by standard biopsy techniques.

Frozen Section Biopsy

Wong[148] reported that frozen section analysis distinguishes benign from malignant disease with 94.7% accuracy, sensitivity of 100%, and specificity for malignancy of 87.5%. Granick and others [55] reported an overall accuracy of 95.7% in 
462 salivary gland specimens evaluated by frozen section. However, the sensitivity for malignancy was only 86%, with a false-positive rate of 2.7%. Furthermore, the sensitivity of frozen section for salivary malignancy has been reported to 
be as low as 69%. [58] Even more concerning is that 4 of 36 malignant frozen section diagnoses were found to be benign on permanent histologic analysis. Other authors have reported that frozen section analysis may falsely indicate the 
presence of malignancy in 3% to 12% of cases.[55] [148] As previously mentioned, an open biopsy may be indicated when tumors of the parotid and submandibular gland are suspicious for lymphoma or when the facial nerve is involved and 
resection of the tumor would require its resection. The evaluation of a salivary malignancy with frozen section analysis is risky when contemplating the resection of the facial nerve. In this setting, one prudent option is to perform an open 



biopsy and only perform the final resection after the pathologic diagnosis is certain. This also ensures that the patient and family have been clearly counseled about the management options, risks, benefits, and, most importantly, the expected 
sequelae resulting from sacrifice of the facial nerve. Frozen section analysis seems to be the most helpful in determining the presence of malignancy in upper cervical/subdigastric lymph nodes.[148] Tumor present in any extraparotid lymph 
node is clearly evidence of metastatic disease and can be helpful in decision making for resection of the primary tumor and possible neck dissection.

STAGING

The American Joint Committee on Cancer (AJCC) and World Health Organization (WHO) offer a staging system for major salivary malignancies ( Box 61-2 and Box 61-3 ). Those arising in minor salivary glands are often staged by use of 
the oral or oropharyngeal staging system. The staging scheme primarily relates to tumor size, local structure involvement, presence of lymph node, and/or distant metastasis. Small size and no metastatic disease primarily characterize the 
earlier
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stage tumors. The presence of symptoms such as facial paralysis, skin involvement, and metastatic disease is associated with poorer prognosis, and thus they are conferred a higher stage.

 
 

Box 61-2. 2002 AJCC TNM DEFINITIONS FOR STAGING OF MAJOR SALIVARY MALIGNANCY[56] 

 
TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor 2 cm or less

T2 Tumor 2-cm

T3 Tumor more than 4 cm or extraparenchymal extension

T4a Tumor invades skin, mandible, ear canal, or facial nerve

T4b Tumor invades skull base, pterygoid plates, or encases carotid artery

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node 3 cm or less

N2a Metastasis in single ipsilateral lymph node 3–6 cm

N2b Metastasis in multiple ipsilateral lymph nodes <6 cm

N2c Metastasis in bilateral or contralateral lymph nodes <6 cm

N3 Metastasis in lymph node >6 cm

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

 
 
 
 
 

Box 61-3. 2002 AJCC STAGE GROUPING FOR MAJOR SALIVARY MALIGNANCY[56] 

Stage I T1 N0 M0  
 
Stage II T2 N0 M0  
 
Stage III T3 N0 M0  
 
T1 N1 M0  
 



T2 N1 M0  
 
T3 N1 M0  
 
Stage IVB T4a N0 M0  
 
T4a N1 M0  
 
T1 N2 M0  
 
T2 N2 M0  
 
T3 N2 M0  
 
T4a N2 M0  
 
Stage IVB T4b  
 
AnyNM0  
 
AnyTN3 M0  
 
Stage IVC Any T 
 
AnyNM1  
 

 
 
Hocwald and others[62] found that T stage, submandibular location, facial nerve involvement, positive nodes, and high-grade or adenoid cystic cancers were significantly associated with poorer disease-free survival rates. Frankenthaler and 
others[46] found that in 178 primary parotid malignancies, poor survival was predicted by high tumor grade, tumor size >3 cm, positive cervical nodes, facial nerve involvement, and perineural invasion. Calearo and others[28] reviewed 167 
primary parotid malignancies and found that those with positive nodes, facial nerve involvement, histologic subtypes of squamous cell carcinoma, malignant mixed tumor, undifferentiated carcinoma, adenoid cystic carcinoma, and 
adenocarcinoma were highly associated with poor outcome. Similarly, Korkmaz and others[73] reported >20% decreased 5-year survival in patients with nodal metastasis. O'Brien and others[97] analyzed 113 salivary malignancies and found that 
after multiple regression analysis, an age >60 years and higher grade histologic findings were associated with poorer survival rates.

HISTOLOGIC SUBTYPES

Salivary carcinoma has many histologic subtypes that have been postulated to arise from stem cells of different regions of the salivary duct unit. [19] The region of origin is believed to correlate with biologic aggressiveness, such that tumors 
originating from the intercalated duct are less aggressive than those arising from the excretory duct.[13] 

Many studies have evaluated the relative frequencies of salivary malignancies and consistently report mucoepidermoid carcinoma, adenoid cystic carcinoma, and adenocarcinoma to be the dominant histologic findings ( Table 61-1 ). 
Hocwald and others[62]  

TABLE 61-1 -- MALIGNANT SALIVARY NEOPLASMS

 Spitz 1984[128] O'Brien 1986[97] Spiro 1986[126] 

Mucoepidermoid carcinoma 146 (29.3%) 49 (43.5%) 439 (34.4%)

  31 (27.4%) 281 (22.0%)

Adenoid cystic carcinoma 100 (20.1%) 18 (15.9%) 225 (17.6%)

  ••••5 161 (12.6%)

Adenocarcinoma 102 (20.5%) •7 (6.2%) 84 (6.6%)

  •2 (1.7%) 53 (4.1%)

Carcinoma ex pleomorphic adenoma 64 (12.9%) •6 (5.3%) 35 (2.7%)

Acinic cell carcinoma 40 (8%)   

Squamous cell carcinoma 30 (6%)   

Other 16 (3.2%)   

 



reported that in 78 major salivary malignancies, mucoepidermoid carcinoma, adenoid cystic carcinoma, and adenocarcinoma accounted for 36%, 20%, and 14% of malignancies, respectively ( Box 61-4 ).

Mucoepidermoid Carcinoma

Mucoepidermoid carcinoma of the salivary gland has varied patterns of clinical behavior that range from indolent to aggressive. Mucoepidermoid carcinoma has been reported to be the most common salivary malignancy, accounting for 29% 
to 43% of these tumors.[62] [97] [126] [128] It is also the most common salivary malignancy in children.[104] Mucoepidermoid cancer is histologically classified into low, intermediate, and high grade.[17] [57] A higher grade correlates with a poorer outcome. 
Low-grade tumors have a higher percentage of mucinous cells, whereas epithelial cells predominate in high-grade tumors[104] ( Figure 61-4 ). The presence of four or more mitotic figures per 10 high-power fields, neural invasion, necrosis, 
intracystic component <20%, and cellular anaplasia indicate high-grade behavior.[10] Nascimento and others[95] reported a 5-year survival for grade I, II, and III mucoepidermoid carcinoma of 95%, 72%, and 0%, respectively.

Spiro and others[120] reported on 367 cases of salivary mucoepidermoid carcinoma, including 13 patients with multiple primary tumors ( Box 61-5 ).

 
 

Box 61-4

 
MALIGNANT NEOPLASMS OF MAJOR SALIVARY GLANDS HOCWALD 2001[62] 

Mucoepidermoid carcinoma 28 (36%)

Adenocarcinoma 11 (14%)

Adenoid cystic carcinoma 16 (20%)

Carcinoma ex-pleomorphic adenoma 4 (5%)

Acinic cell carcinoma 7 (9%)

Squamous cell carcinoma 6 (8%)

Other 6 (8%)
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Figure 61-4 Photomicrograph showing a common histologic pattern of mucoepidermoid carcinoma. 

 

TABLE 61-2 -- OUTCOME OF MUCOEPIDERMOID CARCINOMA MINOR SALIVARY GLANDS[10]

 Low Grade n = 120 High Grade n = 10

Free of disease 108 (90%) 2 (20%)

Local recurrence ••9 (7.5%) 0 (0%)

Regional metastasis ••3 (2.5%) 2 (20%)

Dead of disease ••0 6 (60%)
 
followed up for >10 years. Patients with low-grade tumors were more likely to be free of disease and less likely to have metastasis develop or die of disease than those with high-grade tumors ( Table 61-3 ).

 
 



Box 61-5

 
MUCOEPIDERMOID CARCINOMA SITE OF OCCURRENCE [120] n = 367

Parotid 254 (69%)

Minor salivary 90 (25%)

Submandibular gland 23 (6%)
 

 
 
Mcquirt[93] reported his experience with 90 patients with salivary malignancies; cervical metastasis was present in three patients with high-grade and two patients with low-grade mucoepidermoid carcinoma. The fact remains that whereas 
histologic grading is useful in predicting outcome, it is not absolute, and some patients with low-grade malignancy will die of disease, whereas others with high-grade neoplasms survive.

Treatment for mucoepidermoid carcinoma consists of surgical resection, reserving the use of postoperative irradiation for patients with positive margins, nodal metastasis, and high-grade malignancies. The 5-, 10-, and 15-year survival rates 
for mucoepidermoid malignancy is reported as 56.7%, 27.8%, and 7.1%, respectively. [95] 

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma is the most common malignancy of the minor salivary glands and submandibular gland.[49] [67] [143] Spiro [125] found that adenoid cystic carcinoma made up 71% of the tumors arising from the minor salivary glands. Table 
61-4 demonstrates the sites of origin and frequency of adenoid cystic carcinoma, with the palate being the most common location in the oral cavity. Adenoid cystic carcinoma also accounts for approximately 10% to 15% of malignant parotid 
neoplasms. [126] 

Adenoid cystic carcinoma is represented by three distinct histologic patterns, cribriform, tubular, or solid, although the histologic patterns may coexist in the same tumor ( Figure 61-5 ). This creates a dilemma for the pathologist who must 
decide on the predominant pattern. These histologic patterns have also been found to correlate with overall prognosis and behavior. The cribriform pattern has a glandular architecture and is reported to have the best prognosis. The solid 
pattern is more epithelial in nature and is associated with a poorer prognosis.[40] [45] [108] The tubular pattern has a clinical prognosis of intermediate nature between the other two patterns.  

TABLE 61-3 -- MUCOEPIDERMOID CARCINOMA MAJOR SALIVARY GLANDS[53]

 Low Grade n = 178 High Grade n = 31

Free of disease 143 (80%) 13 (42%)

Local recurrence 18 (10%) 2 (6.4%)

Regional metastasis 7 (4%) 3 (9.6%)

Dead of disease 10 (5.6%) 13 (44%)
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TABLE 61-4 -- ADENOID CYSTIC CARCINOMA

Site of Occurrence Spiro[125] Matsuba[90] Fordice[45] 

Total number 196 71 160

Oral cavity 66 (34%) 12 (17%) 66 (41.3%)

  19 (27%)  

Sinonasal cavity 37 (19%) 18 (25%) 29 (18.1%)

  7 (10%)  

Parotid 31 (16%) 9 (13%) 18 (11.3%)

Oropharynx 31 (16%) 6 (8%) * 

  0 24 (15%)

Submandibular gland 21 (11%)  2 (1.3%)

   21 (13%)

Larynx/trachea 5 (2%)   

Sublingual gland 5 (2%)   
*Included with oral cavity. 



 
 
 
 
Figure 61-5 Photomicrograph showing a common histologic pattern of adenoid cystic carcinoma. 

 

Figure 61-6 Chest radiograph demonstrating pulmonary metastasis (arrow) in a patient with adenoid cystic carcinoma, representing the most common site of distant failure in this patient population. 

 

Figure 61-7 The palate is the most common site for adenoid cystic carcinoma (arrow) as demonstrated by this clinical photograph. 

 

Figure 61-8 Complete en bloc excision of adenoid cystic carcinoma (solid arrow) with margin of free tissue, including posterior submucosal extension (broken arrow), is essential for effective treatment. 



 
 

Box 61-6

 
ACINIC CELL CARCINOMA OF SALIVARY GLANDS [41] PATIENTS (%)

Parotid gland 271 (92.3)

Submandibular gland 7 (2.4)

Neck 6 (2.0)

Lip 3 (1.0)

Palate 1 (0.3)

Other 6 (2.0)

Total 294 (100)
 
() Denotes percentage.

 
 
Squamous Cell Carcinoma

Primary squamous cell carcinoma (SCC) of salivary gland is rare. Most SCCs involving the salivary glands are the result of lymphatic or direct spread from skin or
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upper aerodigestive tract cancers. Patients may also have direct extension of cancer of the ear canal. Patients with any history of SCC of the face or scalp should be considered as having metastatic disease if salivary involvement occurs. In 
addition, mucoepidermoid carcinoma tumors exhibiting high-grade features may be mistaken for SCC,[22] which may be recognized with the routine use of mucicarmine and periodic acid-Schiff stains.[132] Spiro[126] reported that primary SCC of 
the salivary glands makes up 4% (53 of 1278) of all salivary gland malignancies. Similarly, primary SCC of the parotid has been reported to comprise 0.9% to 1.8% of parotid tumors[50] [132] and 1.9% to 6.9% of parotid malignancies. [50] [79] Most 
patients are initially seen with an asymptomatic mass, with facial nerve weakness in 17% to 58%.[50] [79] [116] [132] Shemen and others[116] reported on 50 patients with SCC arising in the parotid gland (42 of 50) and submandibular gland (8 of 50). 
Cervical nodal metastasis was recorded in 46%, with almost all being present initially. Surgery was the primary treatment in most patients, resulting in a 24% 5-year survival. Local failure was noted in 43%, regional failure in 37%, 
combined locoregional in 29%, with a 34% rate of distant metastasis. It should be noted, however, that postoperative radiation therapy was not routinely advocated during the period studied.

Although the overall efficacy of radiation therapy in parotid SCC is not known, it seems to be most helpful in the postoperative setting. Lee and others[79] reported the use of surgery and full-course radiation in 7 of 12 patients with primary 
SCC of the parotid. Of these, four of seven (57%) had no evidence of disease at an average follow-up of 54 months. All four patients treated with radiation alone died of disease at an average of 16 months, although they consisted mostly of 
unresectable advanced disease. The overall 5-year survival of these patients with primary SCC of the parotid is reported to be 24% to 50%.[50] [79] [116] 

We currently advocate aggressive surgical resection with regional lymphadenectomy and postoperative radiation therapy. Elective neck dissection yields occult metastatic disease in approximately 30%[50] and should be routine for these 
patients.

Malignant Mixed Tumor

Malignant mixed tumor is a generic category encompassing carcinoma ex-pleomorphic adenoma, carcinosarcoma, and metastasizing mixed tumor as similar, but distinct, malignancies.[104] These malignancies account for 5% to 12% of 
salivary gland malignancies, which most commonly arise in the sixth decade.[62] [123] [126] [128] [136] 

Pleomorphic adenoma is the most common tumor of the salivary glands [126] and has a well-known risk of local recurrence, especially when adequate resection is not performed initially.[89] [105] Malignant degeneration can occur in 3% to 7% of 
pleomorphic adenomas,[5] [36] [105] hence the term carcinoma ex-pleomorphic adenoma. The risk of malignant degeneration is estimated at 1.5% in the first 5 years and 9.5% after 15 years.[114] Histologic findings include those of benign 
pleomorphic adenoma with carcinomatous degeneration. The theory of malignant degeneration of a previously benign tumor[136] is supported by the fact that most malignant mixed tumors are located in the parotid. [100] [123] [136] A typical clinical 
history includes a longstanding salivary mass that begins to rapidly enlarge, often to substantial size, although many patients have no history of a prior mass[104] ( Figure 61-9 and Figure 61-10 ).

Spiro and others[123] reported on 146 patients with true malignant mixed tumors and ex-pleomorphic carcinomas under the same broad category ( Box 61-7 ). The parotid gland was most frequently involved. Cervical metastases were present 
on initial evaluation in 15% of patients, occult in 3.5%, and subsequently developed metastases in an additional 7% of patients. Nodal metastases were associated with a 3% 10-year survival rate. Overall "net cure" rate for 5, 10, and 15 years 



was reported as 40%, 29%, and 19% respectively. Local recurrence developed in 42% of patients, with those with submaxillary and minor salivary gland tumors experiencing a recurrence rate that was twice that of those with parotid tumors. 
Distant metastases, reported in 28% to 32%, were usually associated with locoregional failure, with lung and bone being affected most commonly. Tortoledo and othes[136] reported on 40 patients with malignant mixed tumors followed for >5 
years, of whom those with carcinoma ex-pleomorphic adenoma were 92.5% of the cohort. In their analysis, no patients with microscopic invasion of <8 mm died of disease, whereas all 17 patients with invasion >8 mm died as a consequence 
of disease. In addition, they found that tumor invasion >6 mm was associated with a local recurrence rate of 70.5% compared with 16.5% if the depth of invasion was <6 mm. However, Olsen and Lewis[100] reported the death of two patients 
with 5-mm depth of tumor invasion. In 73 patients with malignant mixed tumors, the rate of regional and distant metastasis was reported as 56% and 44%, respectively, with a 30% overall 5-year survival ( Table 61-5 ).

True malignant mixed tumors are composed of simultaneous elements of carcinoma and sarcoma,[150] although they are often grouped with carcinoma expleomorphic adenoma. In 1990, Yoav and others[150] reported that only 14 such cases had 
been reported and that they showed an aggressive clinical behavior. The largest series by Stephen and others[131] reported a 50% mortality rate at 5 years. The 10-year survival is reported to be 24% to 31%.[61] [123] 
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Figure 61-9 Carcinoma ex-pleomorphic adenoma can commonly be enormous, with a history of rapid enlargement of previously known mass (arrow). 

 

Figure 61-10 Axial CT demonstrating large carcinoma expleomorphic tumor in the superficial lobe of the parotid gland. 

 

TABLE 61-5 -- CARCINOMA EX-PLEOMORPHIC ADENOMA

 Spiro 1977[123] (%) Olsen 2001[100] (%)

Local recurrence 53 23

Regional recurrence 12 18

Regional metastasis 25 56

Distant metastasis 28 44

5-year survival 40 30
 
however, may vary according to the subclassification by the pathologist and will change as histologic classification improves.[5] [15] Adenocarcinomas of the salivary glands comprise 16% to 20% of salivary malignancies.[97] [126] [128] However, these 



include tumors with a wide range of biologic behavior, extending from indolent polymorphous low-grade adenocarcinoma to the unrelenting salivary duct carcinoma. Malignant mixed tumors, acinic cell carcinoma, adenoid cystic carcinoma, 
and oncocytic carcinoma are among others within this group.

 
 

Box 61-7

 
MALIGNANT MIXED TUMOR OF SALIVARY GLANDS [123] NO. OF PATIENTS

Parotid gland 107 (73%)

Submandibular gland •23 (16%)

Minor salivary glands •16 (11%)

Total 146
 

 
 
The aggressive, generic adenocarcinoma, often referred to as "not otherwise specified," is estimated to comprise 9% of salivary malignancies[122] but may be closer to 1% with proper subclassification.[15] They are generally regarded as high-
grade tumors and are treated with surgical resection and postoperative radiation therapy. Spiro and others[122] reported on 204 patients with adenocarcinoma arising in the minor salivary (68%), parotid (28%), and submandibular glands (8%) 
( Box 61-8 ).

The palate is the most common site of origin in the oral cavity. Adenocarcinoma involving the paranasal sinuses or nasal cavity, which was found in 23% of patients, presented at a late stage and had a significantly worse prognosis. Clinical 
presentation included an asymptomatic swelling in 80%, pain in 16%, and facial nerve weakness in 6% of previously untreated patients. Tumors were subclassified into adenocarcinoma, mucinous adenocarcinoma, papillary adenocarcinoma, 
trabecular adenocarcinoma, and sebaceous adenocarcinoma. Cervical nodal metastases were present initially in 17% and subsequently developed in 10%. The presence or development of nodal metastasis correlated directly with increasing 
grade. Overall, 51% of the patients experienced a recurrence at the primary site, whereas those with sinonasal tumors had a 70% recurrence. Cervical recurrence developed in 17%, and distant metastasis developed in 26%, with the lungs 
being the predominant site. Attempts at salvage were overwhelmingly poor, with a success rate of 14%. The 5-, 10-, and 15-year cure rates were 41%, 34%, and 28%, respectively. Survival by site is recorded in Table 61-6 .

Polymorphous Low-Grade Adenocarcinoma

Although most salivary gland adenocarcinomas are regarded as aggressive, this variant adenocarcinoma has a distinctly indolent behavior. In 1983, Batsakis and others[18] originally described 12 patients with distinct low-grade 
adenocarcinomas, labeled as terminal duct carcinoma, which are believed to originate from the intercalated duct portion of the salivary system. [13] The following year, Evans and Batsakis[42] described 14
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TABLE 61-6 -- SURVIVAL IN ADENOCARCINOMA OF SALIVARY GLANDS[122]

 5 y (%) 10 y (%)

Oral cavity 56 48

Parotid 45 39

Submandibular 21 15

Sinonasal 13 —

Grade 1 69 54

Grade 2 46 40

Grade 3 •8 •5
 
additional distinct adenocarcinomas that were labeled as polymorphous low-grade adenocarcinoma, thought to be the same entity as terminal duct carcinoma. It has also been recognized as lobular carcinoma and trabecular adenocarcinoma.[1] 
[85] The tumor predominantly involves the minor salivary glands of the buccal and palatal mucosa, with a predilection for perineural growth, and is often confused with adenoid cystic carcinoma. In fact, Lucarini and others[85] reported that five 
of six cases were diagnosed as adenoid cystic carcinoma initially. They reported no recurrence in any of their patients, although the follow-up period was short, and 50% of the patients were treated with postoperative radiation therapy under 
the premise of adenoid cystic carcinoma as the diagnosis.

 
 



Box 61-8

 
ADENOCARCINOMA OF SALIVARY GLANDS [122] NO. OF PATIENTS

Minor salivary gland 138 (68%)

Parotid 58 (28%)

Submandibular 8 (4%)
 

 
 
Batsakis and others[13] reported 69 patients with terminal duct carcinoma. The palate and buccal mucosa were the predominant sites of origin. Local recurrence after surgical excision was reported in 12%, cervical metastasis in 10%, and death 
occurring in only one patient. Their only patient to die of terminal duct carcinoma, previously reported by Tortoledo and others,[136] had a depth of tumor invasion >8 mm, a factor that has been correlated with an aggressive biologic behavior 
in carcinoma ex-pleomorphic carcinoma. Aberle and others[1] also reported death in 1 of 20 patients secondary to local recurrence after maxillectomy. Local recurrence was found in 25%, cervical metastasis in 4%, and distant metastasis in 
none.

Polymorphous low-grade adenocarcinomas (PLGA) are most commonly found intraorally; however, Kemp and others[70] reported 22 cases arising from the parotid gland. Biologic behavior in the parotid gland was similar to the behavior of 
minor salivary gland PLGA, with 33% of patients experiencing a local recurrence and 6% having cervical metastasis. No patients died of disease or had distant metastasis develop.

Most initial reports included follow-up periods of 5 years or less. Evans and Luna[43] reported a 10-year follow-up for previously reported cohort[13] [70] from the M. D. Anderson Cancer Center. Local recurrence was noted in 32% of patients, 
cervical metastasis developed in 15% of patients, and 12% died of uncontrolled disease. Positive or uncertain surgical margins and a predominance of papillary growth patterns were associated with an adverse outcome. This late phenomenon 
of de-differentiation and aggressive clinical behavior has been reported in other patients occurring up to 13 years after initial resection.[118] 

Castle and others[30] reported 164 patients with PLGA who were followed for an average of 9.5 years ( Box 61-9 ). The average age at presentation was 57.6 years, and they were most commonly found in women (2:1 ratio). Presenting 
symptoms consisted of a mass, pain, and poor-fitting dentures. In some patients, it was an incidental finding during a physical examination for an unrelated issue ( Box 61-10 ). Contrary to other salivary malignancies, the presence of pain 
was not associated with poorer prognosis. All but 2 patients had wide local excision as the definitive treatment, with 17 receiving postoperative radiation for unreported indications. Recurrent disease was recorded in 9% of the patients at an 
average of 7.2 years after treatment and was usually treated with surgical excision alone. Postoperative radiation did not improve overall survival. The overall survival was 97.6% with an average follow-up of 9.6 years. Three patients (1.8%) 
died of disease at an average of 5.9 years after initial treatment. Of the deaths, one patient died at 19.6 months after biopsy alone, a second experienced two recurrences that were treated with surgery alone and died at 63 months, and the third 
died 131 months after initial treatment despite
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surgery and radiation for recurrent disease. Complete wide local excision is the treatment of choice for these low-grade malignancies. Elective neck dissection and postoperative irradiation are not supported by the currently available data. 
Long-term follow-up is critical, especially in patients with positive or uncertain margins.

 
 

Box 61-9

 
ANATOMIC SITE OF OCCURRENCE OF PLGA [30] n = 164

Palate 106

Lip 22

Buccal mucosa 16

Alveolar ridge 13

Other mucosa 7
 

 
 
 
 



Box 61-10

 
PRESENTING SYMPTOMS OF PLGA[30] n = 164

Mass 130

Pain/ulceration 13

Asymptomatic finding 14

Poor fitting dentures 7
 

 
 
Salivary Duct Carcinoma

Initially described in 1968 by Kleinsasser and later redefined by Garland[2] as a subtype of adenocarcinoma, salivary duct carcinoma accounts for 1% to 6% of parotid tumors.[80] [113] Salivary duct carcinoma behaves aggressively, resulting in 
local and distant failure and short survival. Histologically, it is described as islands of tumor with comedo-necrosis similar to that of mammary ductal carcinoma and cells with oval or lobulated nuclei. A high rate of distant failure, 50%, was 
reported by Afzelius and others.[2] These authors found that 58% of patients lived an average of 21 months after treatment. Radical parotidectomy with facial nerve sacrifice was believed to confer better locoregional control. Lewis and others
[80] found that in 26 patients, 35% recurred locally and 62% had distant metastasis develop. The overall 2- and 5-year survival rate was 58% and 30%, respectively. Batasakis [13] reported that in 30 patients, 55% experienced local recurrence, 
66% developed cervical metastasis, 66% developed distant metastasis, resulting in a 5-year survival of 30%.

Postoperative radiation therapy is believed to yield better locoregional control. Neck dissections are performed in patients with clinical disease, as well as elective, because the risk of metastasis is >25%.

Lymphoma

Malignant lymphoma can arise primarily in a salivary gland or may represent systemic disease. Primary lymphoma of salivary glands accounts for 1.7% of all salivary neoplasms.[51] Primary salivary lymphomas account for 4.7% of extranodal 
lymphomas and involve the parotid with greater frequency than the submandibular or minor salivary glands.[21] Most salivary lymphomas are of B-cell origin,[12] although T-cell, mucosa-associated lymphoid tissue (MALT), and Hodgkin's 
lymphomas have also been reported.[60] [84] [99] [149] Criteria established by Hyman and Wolff[64] for the diagnosis of a primary lymphoma of salivary glands consist of no evidence of extrasalivary lymphoma, lymphoma must involve salivary 
parenchyma not periparotid lymph nodes, and the lymphoreticular infiltrate must demonstrate architectural and cytologic features suggestive of malignancy. Batsakis and Regezi[20] reported primary salivary lymphoma in 2 of 580 parotid 
tumors. They are associated with the lymphoepithelial lesion of Sjögren's disease. Patients with Sjögren's disease have a 40 times greater risk for the development of a primary lymphoma of the salivary glands than the normal population.

Barnes and others[12] reported 33 patients with parotid lymphoma treated at the University of Pittsburgh. Patients were initially seen with a painless enlarging mass in 90%, facial nerve dysfunction in 15%, and cervical adenopathy in 9%. 
Patients were treated with radiation and chemotherapy, regardless of the extent of the excisional surgery. At 2-year follow-up, 36% of patients experienced recurrent disease, resulting in the death of 16% of the initial cohort.

Jaehne and others[66] reported on six patients with non-Hodgkin's lymphoma involving the major salivary glands. Most patients were women. Extranodal (primary) disease was limited to one gland and had a 7.7% local recurrence rate and 
92% survival, whereas intranodal (systemic) disease had 38% recurrence rate and 46% survival.

The prognosis of primary lymphoma has been reported to be better than systemic lymphomas.[21] [66] [96] Chemotherapy and/or radiation are the primary modalities for treatment, with the exception of MALT lymphoma, which is often treated 
with surgical excision. The 5-year survival rate for primary salivary Hodgkin's lymphoma is better than primary salivary non-Hodgkin's lymphoma, 90% vs 43%.[51] [149] 

Metastatic Cancer

The salivary glands are at risk for lymphatic and hematogenous metastatic disease from other sites. The parotid gland is naturally at risk for metastatic deposits from cutaneous malignancies of the scalp, face, or the external auditory canal. 
Basal cell carcinoma may be unique in that hematogenous or lymphatic spread is extremely rare. In fact, it is suggested that direct extension through fusion planes or perineural spread is likely the mechanism used by basal cell carcinoma. [14] 
It is estimated that 5% of cutaneous SCCs metastasize to the regional nodes.[111] Jackson and Ballantyne [65] reported in 169 patients with cutaneous malignancy, in whom parotid metastasis or direct invasion occurred an average of 34 months 
after resection of the cutaneous lesion. Facial nerve dysfunction at initial presentation was reported in nine (5%) patients, but the facial nerve was sacrificed partially in 24% and totally in 19% of the patients. Postoperative follow-up of 141 
patients for a minimum of 2 years revealed that the locoregional control rate was 71%, and 24% of patients died of disease. Development of cervical metastasis occurred in 12% of patients not receiving elective neck dissection. Khurana and 
ohers[72] reported on 68 patients with cutaneous malignancy surgically treated with parotidectomy and/or neck dissection. In 43 parotidectomies,
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the facial nerve was sacrificed partially in 18% and completely in 14%. Extranodal spread was discovered in 71% and perineural invasion in 18%. Locoregional recurrence was noted in 43% of patients at a median of 7 to 8 months. 
Histologically positive margins were the principal prognostic factor predicting poor outcome. This suggests that facial nerve sacrifice may be indicated, despite normal function, which is a clearly different paradigm than the one used for the 
treatment of primary salivary malignancy. Distant metastasis eventually developed in 12%, often despite locoregional control. The 5-year disease-specific survival was 61%. Lai and others[75] reported 23 patients requiring parotidectomy for 
aggressive nonmelanotic skin cancer. The results were quite similar, with disease-specific survival of 79% at 42 months. Facial nerve weakness at initial presentation was reported in 30% but required partial or complete facial nerve sacrifice 
in nearly 48% of patients. Approximately 50% of the tumors recurred, with most being local failures, despite the use of postoperative radiation in most cases.

The lymph nodes around the submandibular glands are at risk for metastatic disease from the oral cavity and oropharynx. Besides draining locoregional basins, the salivary glands can also be afflicted by metastatic disease from remote sites 
such as melanoma, prostate, colon, breast, kidney, or lung. Batsakis and Bautina [14] subclassified parotid and submandibular metastatic deposits according to the origin as either supraclavicular or infraclavicular. They reported that kidney, 
lung, and breast were the most common infraclavicular malignancies metastasizing to the parotid and submandibular glands ( Table 61-7 ).



Metastases from head and neck sites are most often treated surgically with the goal to achieve locoregional control of disease. They are also often treated with adjunctive radiation therapy, although locoregional recurrence remains high.

 
TABLE 61-7 -- SALIVARY METASTASIS FROM NONCUTANEOUS MALIGNANCY[14]

Primary neoplasm Parotid Submandibular Total

Lung 12 5 17

Kidney 11 4 15

Breast 4 7 11

Nasopharynx 11 - 11

Colorectal 4 1 5

Thyroid 2 - 2

Others 4 1 5

Total 48 18 66
 
Sarcoma

Salivary sarcoma is quite rare and is often not included in salivary malignancies. Auclair and others[11] reported on 42 sarcomas involving the major salivary glands. Malignant schwannoma and fibrosarcoma were the most common histologic 
findings encountered. Local recurrence was noted in 40%, metastatic disease in 38%, and death in 35% of this group of patients. The average time from treatment to death was 2.4 years. The most common site of metastasis was the lung in 
24%, with cervical nodal metastasis in 7%. Postoperative radiation seemed to control and survival. Treatment consists of radical resection and postoperative radiation. Elective nodal dissection seems unnecessary.

SURGICAL MANAGEMENT OF SALIVARY GLAND NEOPLASMS

Surgical management should be carried out with minimal delay, especially after the diagnosis of malignancy is made. This provides some relief of the anxiety experienced by patients waiting for treatment and theoretically curbs progression 
of disease. Whether prompt surgical treatment conveys to smaller resections or prolonged survival is unknown. However, Lydiatt[87] has suggested that delay of care in patients with cancer is a leading cause of litigation and verdicts in favor of 
plaintiffs. Informed consent, including risk, benefits, and alternatives, should be given to the patient in the presence of the family and be clearly documented in the medical record. In fact, lack of informed consent was alleged in 30% of 
litigation involving facial nerve paralysis after surgical therapy. [88] 

Superficial parotidectomy has become the widely accepted form of intervention for most parotid tumors. A higher risk of facial nerve injury and the potential for intraoperative seeding of tumor resulting in recurrence of the tumor has been 
associated with the use of lesser procedures. Therefore, a superficial parotidectomy has been touted as the minimal surgery of the parotid gland. Overall, the safety of parotidectomy has been well established, and the complication rate 
remains low.

Parotidectomy begins by creating a modified facelift incision, often with the lower limb extending forward along the lines of relaxed skin tension in the submandibular region ( Figure 61-11 and Figure 61-12 ). A facial flap is raised 
superficial to the superficial musculoaponeurotic sheath (SMAS) and is combined with a short subplatysmal dissection of the cervical flap. Great care should be used when raising the lower portion of the flap to avoid injury to the marginal 
mandibular branch of the facial nerve, which will lie deep to the platysma muscle and lateral to the facial vein. The anterior border of the sternocleidomastoid is dissected, and the dissection continues deep and posterior to identify the 
posterior belly of the digastric
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Figure 61-11 Standard incision for rhytidectomy and parotid surgery that is well camouflaged in lines of relaxed skin tension. 

 

Figure 61-12 Rhytidectomy and parotid surgical incision that camouflages the preauricular incision behind the tragus. This can technically more difficult to close and may result in tragal deformity. 



 

Figure 61-13 Standard parotidectomy incision with flap retracted forward. Facial nerve branches emanating from the pes anserinus (arrow) are clearly visible after the superficial lobe of the parotid has been removed. 

 

Figure 61-14 With great care to avoid traction, the facial nerve can be dissected and mobilized, allowing total removal of the parotid gland. 

 

Figure 61-15 Deep lobe tumor (solid arrows) is visible after superficial parotid has been removed and the facial nerve (broken arrows) has been identified and preserved. 

 

Figure 61-16 Gentle finger dissection allows for en bloc delivery of the parotid tumor from the parapharyngeal space, while avoiding undue traction on the facial nerve that has been transposed over the tumor. 



 

Figure 61-17 En bloc resection of parapharyngeal space pleomorphic adenoma 

 
 

Box 61-11

 
PAROTID CANCER OCCULT NODAL INVOLVEMENT [9] n = 30

Parotid nodes 16

Level I 3

Level II 8

Level III 7

Level IV 6

Level V 3
 

 
 
RADIATION THERAPY

Historically, salivary cancers were believed to be relatively radioresistant and postoperative use of radiation therapy was not routinely advocated. Over the past 20 years, the postoperative use of radiation therapy has become common. 
Radiation therapy improves the postoperative locoregional control of minor and major salivary gland malignancy.[8] [49] [143] In fact, Spiro and others[119] and Armstrong and others[8] have reported that in the Memorial Sloan Kettering experience, 
postoperative radiation therapy resulted in improved overall survival. In Armstrong's matched-pair analysis,[8] postoperative radiation was found to be associated with better outcome for patients with stage III/IV disease and in those with 
lymph node metastasis. This approach of postoperative radiation is paralleled by MD Anderson[6] in their indication for treatment ( Box 61-12 ).

Even if the overall survival is unchanged by postoperative radiation, the resulting improvement in locoregional control confers improved quality of life. Frankenthaler and others[46] found, in reviewing 178 parotid malignancies, that patients 
with high-grade tumors or perineural invasion had better locoregional control with surgery and postoperative radiation. In fact, no local recurrences were found in patients with microscopically positive nerve margins after radiation.
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Radiation did not seem to make a significant difference for low-grade cancers.



 
 

Box 61-12. INDICATION FOR POSTOPERATIVE RADIATION THERAPY SALIVARY MALIGNANCY[6] 

High-grade tumors 
 
Squamous cell carcinoma 
 
Malignant mixed tumors 
 
Adenocarcinoma 
 
High-grade mucoepidermoid carcinoma 
 
Close or positive margins 
 
Facial nerve involvement 
 
Perineural spread 
 
Bone/connective tissue involvement 
 
Lymph node metastasis 
 
Extranodal extension 
 
Recurrent disease 
 

 
 
Parsons and others[103] reported on 95 patients with minor salivary gland carcinoma, 51 treated with radiation alone and 44 with surgery/postoperative radiation. Combined therapy did not improve the control rate in early-stage disease but was 
statistically better in advanced disease. Local control rates at 5, 10, and 20 years were 75%, 66%, and 57%. Regional control of the neck resulted in 4% recurrence rate compared with 8% of those who did not received elective treatment of 
the neck. The local control rate with radiation alone was 40%, with follow-up ranging from 2.5 to 21 years. One shortcoming was the development of bone exposure or osteoradionecrosis in 13% of patients, with 50% of these taking longer 
than 6 months to resolve. These results suggest that radiation can produce local control in patients who refuse surgery or have unresectable disease. Surgery followed by irradiation, especially for higher staged tumors, produces significantly 
better results than radiation alone.

Of particular interest is the improved locoregional control when neutron therapy is used in patients with adenoid cystic carcinoma compared with those treated with traditional photon therapy. Laramore and others[78] published the results of a 
multiinstitutional trial comparing neutron and photon irradiation for 25 patients with unresectable salivary carcinoma. They found a statistically significant difference in locoregional control in the neutron arm 56% compared with the photon 
arm 17%. The study was terminated for ethical reasons after 32 patients had been treated. One interesting finding was no significant change in overall survival, with the most neutron arm failures being attributed to distant metastasis. A 
follow-up study of 148 patients with locally advanced tumors, most with gross residual tumor after surgical extirpation, treated with neutron irradiation was reported.[35] Again, the 5-year locoregional control rate was 59%, demonstrating the 
effectiveness of neutron irradiation technique. Patients with adenoid cystic carcinoma and acinic cell carcinoma had substantially better 5-year survival rates compared with the other histologic findings. However, 5% of patients experienced 
severe toxicity, including deafness, osteoradionecrosis, optic neuritis, cervical myelopathy, cerebral necrosis, and trigeminal numbness. The underlying principle is that neutrons are heavier uncharged particles than photons. Photon energy 
interacts with the orbital shell electrons to release more limited radiation energy. Neutrons interact with the nucleus, thus releasing recoil protons and nuclear fragments that deposit larger amounts of energy locally. Collisions of neutron 
particles on the tumor DNA result in greater damage than photons, similar to hail vs wind. The relative biologic effectiveness (RBE) of particle therapy on salivary tumors is 8.0 compared with 3.0 for normal tissues. Laramore and others[78] 
stated that administering 2000 neutron cGy to a parotid tumor is equivalent to 6000 photon cGy on the normal tissue, but the RBE to the malignancy is 16,000 photon cGy. Prott and others[108] reported on 72 patients with adenoid cystic 
carcinoma treated by neutron therapy. Their cohort consisted of 59% with macroscopic and 31% with unresectable disease after surgical treatment. They reported an overall 4-year local control of 55%, very similar to 57% 5-year 
locoregional control in 151 advanced salivary cancer patients reported by Douglas and others.[34] Overall survival was not significantly improved with neutron therapy over photon therapy, mostly because of development of distant metastasis.
[34] [78] [108] 

CHEMOTHERAPY

The patterns of distant failure in salivary malignancy have been problematic over the past 30 years. Improved surgical and radiation techniques have been shown to improve locoregional control. There is relatively little experience with the 
use of chemotherapy for salivary malignancy. Its application is primarily in patients with recurrent, metastatic, or unresectable disease. The use of chemotherapy and other systemic agents will likely be the next generation of salivary 
malignancy progress.

Ten patients treated with cisplatin, doxorubicin and cyclophosphamide, or cisplatin and 5-flourouracil had an overall response rate of 50%, including one complete response.[68] Although initially encouraging, the results were short lived, 
lasting 7 months on the average. Similar reports[112] of complete or partial responses of unresectable or metastatic salivary cancer to chemotherapy agents produced short-term palliation, even with thoracic metastasis. [81] [112] [139] A phase II trial of 
vinorelbine plus cisplatin[3] for late-stage recurrences resulted in a response rate of 44%, with an average survival of 10 months overall. In the patients with complete response to chemotherapy, the survival was >19 months. Nonetheless, the 
overall success of chemotherapy alone for advanced or recurrent disease continues to be disappointing. With ongoing research and investigational studies, perhaps chemotherapy will be more successful in the future in the management of 
salivary cancer. The combined use of chemotherapy and radiation in patients with high-risk features is thought to result in improved disease-free survival compared with radiation alone.[62] 



Immunotherapy may soon be used to suppress EGFR in adenoid cystic carcinoma. Currently, trade-marked drugs such as Iressa, Tarceva, and Gleevec
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are in clinical development for similar uses in human cancers.[76] 

METASTATIC DISEASE

Metastatic disease from salivary carcinoma is a frequent clinical finding. Cervical metastases are adequately managed with comprehensive neck dissection and postoperative radiation therapy. Distant metastases to lung or brain should be 
surgically removed when feasible, followed by chemotherapy and radiation. Patients with metastatic disease from salivary cancer can survive for extended periods after salvage therapy.

SURVEILLANCE

Routine follow-up clinical examinations are the mainstay of locoregional surveillance. Follow-up examinations typically involve visits every 6 to 8 weeks for the first year, 8 to 12 weeks the second year, 4 months the third year, followed by 
every 6 months, and then yearly visits. This is counterintuitive, because most patients will not experience a recurrence early in the follow-up period. It is widely believed that it is best to identify locoregional recurrence early to allow for a 
more limited treatment.

Yearly screening chest radiographs are normally used for the surveillance of malignant neoplasms. However, this has been questioned secondary to the inability to adequately treat asymptomatic metastasis.[138] 

The use of imaging modalities such as CT and MRI is also unclear. Typically, radiologic imaging is reserved for new onset of symptoms or new physical findings. The routine application of radiologic imaging is hampered by the fact that 
postsurgical swelling or scar formation may mimic malignancy, resulting in unnecessary interventions or anguish on the patients behalf. PET imaging is encouraging in this regard but has not been widely studied or accepted as a routine 
surveillance tool.

COMPLICATIONS/MORBIDITY

Facial Nerve Paralysis

Patients with large tumors, chronic sialadenitis, or previous parotid surgery are at higher risk of facial nerve injury. One of the most devastating results or complications of salivary surgery is facial paralysis. Prevention of facial paralysis 
begins with performing parotid surgery during nonparalytic anesthesia, permitting stimulation and identification of motor nerve branches. Any structure that may potentially be the facial nerve should not be cut, especially before 
identification of the nerve. Bleeding that obscures the field immediately precedes many surgical injuries. Blindly clamping vessels should be avoided. Pressure may be applied for several minutes that will quell venous bleeding and often 
cause spasm of small arteries, allowing for safe dissection to proceed. The sternocleidomastoid and digastric should be skeletonized before searching for the main trunk. Dissection anterior to the tragus and external canal should be 
juxtaposed to the cartilage, preventing injury to the facial nerve or inadvertent bleeding from superficial temporal vessels. Unipolar electrocautery is not appropriate in the region of the nerve. Traction or stretching of the nerve should be 
avoided. Retractors can cause injury by pressure or puncture of nerve trunks. Branches of the facial nerve should be completely dissected free in the same plane of the nerve.

Despite the facial nerve being anatomically intact and active by electrostimulation at the completion of surgical procedure, a temporary neuropraxia may result. Temporary neuropraxia, either immediate or delayed, results in paresis 
secondary to traction or thermal injury. This usually resolves in weeks to months and can be managed by supportive care. Of greatest importance is prevention of corneal desiccation from exposure. Moisture chamber, eye drops, ointment, 
and taping the eye closed are often satisfactory, with only the occasional need for temporary tarsorrhaphy. Observation should last 6 to 9 months to evaluate recovery before permanent rehabilitative techniques should be used.

If accidental nerve transection of main trunk or major branches occurs and is immediately recognized, it should be repaired before awakening the patient. The ends should be atraumatically marked, and the parotid tumor should be removed 
before attempting repair, because traction on the gland may cause the repair to be disrupted. Once the specimen is removed, the nerve edges should be gently freshened with a scalpel under magnification. Colored background material, light 
blue preferably, will aid in visualization of suture and nerve during repair. Two to three perineural sutures should be placed in a tension-free fashion. If significant tension exists, nerve grafting should be used. Further procedures such as lid 
weights or facial slings should be delayed until the patient can express his or her own wishes.

Greater Auricular Nerve Defect

Patients should be counseled as to postoperative numbness of the auricle. Besides being a minor nuisance to the patient, it may also put the auricle at risk for injury. Recent reports have shown the routine preservation of posterior branches of 
the great auricular nerve during parotidectomy is feasible.[141] However, this practice has not been widely applied or studied in the setting of malignant disease. It is more appropriate to assure the patient that this is an expected sequela.
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Trismus

Trismus suggests irritation of the pterygomasseteric sling. This occurs when surgery involves the pterygoid muscles, mandible, or masseter. It is often made worse when postoperative radiation therapy is added. Although nonsteroidal 
antiinflammatory drugs may provide some relief, this problem is best managed with the use of oral opening appliances. When the interincisor distance on full opening is <18 to 20 mm, problems with feeding will usually ensue. Oral care and 
examination are severely limited. Patients with significant trismus who require general anesthesia usually require transnasal fiberoptic intubation or tracheotomy.

Deformity

Some degree of deformity often results in patients who undergo oncologic surgery of the head and neck. Superficial parotidectomy defects are usually well accepted by patients. However, total parotidectomy defects are quite noticeable and 
less accepted by patients and their families. Locoregional flaps such as the sternocleidomastoid flap provide bulk as does fat grafting and/or dermal grafting. One concern of reconstructing the defect is harboring recurrent disease. This has 



been less of a problem with the evolution of improved imaging techniques available for posttreatment surveillance.

Secondary skin loss may result from ischemia after elevation of skin flaps. The distal portions of the flaps, especially the postauricular portion of parotidectomy flaps, are at higher risk. This area becomes most vulnerable when a neck 
dissection is performed. Local skin advancement flaps, cutaneous free tissue transfer, and skin grafting provide satisfactory results. Special attention to tissue handling will improve the survival of tenuous skin. This includes avoiding drying 
of raised skin flaps, adequate drainage to prevent seroma/hematoma, removing skin clamps when they are no longer needed, and selective cauterization of flap edge bleeding sites.

Hematoma

Hematoma and seroma are the most frequent surgical complications. They are best prevented by meticulous attention to hemostasis and provision of adequate drainage. A suction drainage system is preferred and may be complemented by a 
pressure dressing. Fluid collections are likely to be the leading cause of postoperative wound infection in this subset of patients. Thus, when a fluid collection is discovered, it should be removed judiciously using an 18-gauge needle. 
Occasionally, a small portion of the wound may need to be opened to facilitate adequate drainage.

 
 

Box 61-13. TREATMENT OF GUSTATORY SWEATING

Nonsurgical 
 
Topical glycopyrrolate 
 
Topical antiperspirant 
 
Botox injection 
 
Surgical 
 
Fat grafting 
 
Dermal grafting 
 
Temporalis fascia interposition flap 
 
Sternocleidomastoid interposition flap 
 
Tympanic neurectomy 
 

 
 
Frey's Syndrome

Gustatory sweating, also known as Frey's syndrome, occurs in varying degrees after parotidectomy. Although most patients are asymptomatic, a minority of patients may be severely affected, and it may represent a significant social problem. 
Frey's syndrome is believed to occur secondary to the denervated postganglionic parasympathetic fibers growing into the dermis and innervating the sweat glands after removal of the parotid. Starch iodine testing gives objective data, 
suggesting that this probably happens to some degree in most patients.[39] [82] Prevention of this sequelae has been attempted with the placement of acellular dermis, polytetrafluoroethylene, fat grafting, and the use of interposition flaps such as 
the sternocleidomastoid muscle or temporoparietal fascia flap.[29] [38] [54] [134] These techniques can also be used in symptomatic patients as a secondary surgery for treatment of gustatory sweating ( Box 61-13 ). Middle ear exploration and 
tympanic neurectomy have also been used with varying success. Nonsurgical management is usually recommended to symptomatic patients. Botulinum toxin injection into the dermis of the face is an effective technique for the nonsurgical 
treatment of symptomatic patients.[7] [37] [74] Topical glycopyrrolate 2% cream or lotion is the least invasive form of nonsurgical treatment with the best success, but it requires repeated application.[91] Topical application of commercial 
antiperspirants can be used with less encouraging results.
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Chapter 62 - PHYSIOLOGY OF THE ORAL CAVITY

Joseph B. Travers 
Susan P. Travers 

INTRODUCTION

The oral cavity is a complex organ comprising muscle, glands, teeth, and specialized sensory receptors. For most animals, the orosensory and oromotor apparatus is critical for successful defense, reproduction, exploration, and vocalization. 
[61] In humans, vocalization has evolved into complex speech production, but other human behaviors depend less on the mouth and tongue than on the eye and hand. In all animals, however, the mouth is essential for the ingestion of nutrients. 
The incorporation of nutrients by mastication and drinking involves a high degree of coordination within and between different oral motor systems. Chewing requires the reciprocal activation of antagonist trigeminal muscles to open and 
close the jaws and the tongue to position food between the teeth. A diverse array of highly specialized sensory systems guide these complex oromotor responses and initiate secretion of digestive enzymes. Mechanoreceptors in the tongue, 
palate, and periodontal ligament (PDL) all contribute to a three-dimensional (stereognostic) perception of the oral cavity.[118] The sense of taste serves in both food selection and protection from ingesting potentially toxic substances.

Recent reviews provide comprehensive coverage of specific aspects of oral function, including mastication, * swallowing,[121] [160] oral mechanoreception,[30] [41] and the sense of taste.[67] [83] [153] [210] In addition, several recent papers have reviewed oral 
pain[218] [222] and taste dysfunction.[25] 

This chapter provides a concise overview of orosensory and oromotor function. A brief synopsis of orosensory function describes the innervation and sensitivity of the oral cavity and a summary of central pathways. A section on 
sensorimotor function includes a discussion of masticatory, lingual, and autonomic reflexes followed by a discussion of mastication and the oral phase of deglutition. The sense of taste is treated separately.

SENSORY FUNCTION

Oral Somesthesia

Somatosensory innervation of the oral cavity is provided by the maxillary and mandibular branches of the trigeminal nerve and by the glossopharyngeal nerve. The mandibular nerve branches to innervate the oral mucosa of the cheek, 
anterior two thirds of the tongue, mandibular dentition, PDL, gingiva, and anterior mandibular vestibule. Branches of the maxillary nerve innervate the hard and soft palate, the oral mucosa of the maxillary vestibule, and the maxillary 
dentition, gingiva, and PDL. Somatosensory innervation of the back of the tongue and oropharynx is provided by the glossopharyngeal nerve. Although the entire oral cavity is densely innervated with sensory fibers, considerable evidence 
indicates that the innervation is not uniform. Specialized oral tissues, including the lips, teeth, PDL, tongue, and palate, each display specific patterns of sensitivity. Although specific parts of the oral cavity rival the hand in terms of absolute 
psychophysical thresholds for tactile and thermal sensitivity, the structure/function somesthetic correlations so painstakingly deduced for the hand have little predictive veracity in the mouth.

Overall, the anterior oral cavity displays greater tactile sensitivity than does the posterior oral structure.[61] [203] The tip of the tongue is particularly sensitive, with a discriminative capability equivalent to that of the digits ( Figure 62-1 ). The 
midline of the palate and tongue are more sensitive than lateral regions. A similar pattern of sensitivity applies to the teeth.[149] Adults with complete dentition could detect a 1-g von Frey hair applied to the anterior (midline) teeth but required 
nearly 10 g to detect stimulation of the first molar. The sensitivity to warm and cold stimuli also varies widely across oral tissues. Sensitivity to warm stimuli is relatively high on the tip of tongue but not

*References [112] [144] [172] [175] [188] [247] . 
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Figure 62-1 Spatial discrimination of tactile detection thresholds from a number of studies. Numbers represent mean threshold in milligrams weight. (From Rath EM, Essick GK: J Oral Maxillofac Surg 48:1181–1190, 1990.) 



 

Figure 62-2 Receptive field properties of superficial mechanoreceptive afferents recorded from the human lingual nerve. A, Size and location of receptive fields of three types of mechanoreceptors: rapidly adapting (RA), slowly adapting 
(SA), and slowly adapting irregular. B, Receptive field area. C, Receptive field threshold. Small squares indicate corresponding data from human median nerve.[70] . Vertical bars indicate SE. (From Trulsson M, Essick GK: J Neurophysiol 
77:737–748, 1997.) 

 

Figure 62-3 Responses of a single human periodontal afferent fiber to a force (∼250 mN) from various directions. The cell responded best to a force from the distal (Di) direction. Directions: lingual (Li), labial (La), mesial (Me), downward 
(Do), upward (Up). (From Trulsson M, Johansson RS: Behav Brain Res 135:27–33, 2002.) 

 

Figure 62-4 Circuit diagram for jaw-closing and unloading reflexes. Mesencephalic neurons innervate muscle spindles in jaw-closer neurons and monosynaptically excite jaw-closer motoneurons and interneurons with inhibitory connections 
to jaw-opener motoneurons. C, closer motoneuron; JC, jaw-closer muscle; JO, jaw-opener muscle; MesV, mesencephalic trigeminal nucleus; mV, motor trigeminal nucleus. (From Orchardson R, Cadden SW: Mastication. In Linden RWA, 
editor: The scientific basis of eating, Basal, 1998, Karger.) 



 

Figure 62-5 Circuit diagram for jaw opening reflex. Nociceptor (and non-nociceptor) afferents in oral mucosa, muscle and ligament terminate on interneurons in the sensory trigeminal complex to form a dysynpatic pathway to jaw opener 
motor trigeminal neurons. JO, jaw-opener muscle; mV, motor trigeminal nucleus; sV, sensory trigeminal nuclei; TG, trigeminal ganglion. (From Orchardson R, Cadden SW: Mastication. In Linden RWA, editor: The scientific basis of eating, 
Basal, 1998, Karger.) 

 

Figure 62-6 Schematic representation of different stages and substages of ingestive sequence. T1 and T2, first and second intraoral transfer; FC, fast closure; SC, slow closure; SO, slow open; FO, fast open. 

 

Figure 62-7 Patch-clamp recordings from two taste cells stimulated with four qualitatively different stimuli. The cell on the right (B) responds to just a single stimulus, but the cell on the left (A) responds to all four stimuli. The molecular 
data, such as that presented in Figure 62-8 , would not predict the coexistence of responses to sucrose (sweet) and QHCI (bitter) within a single cell. (From Gilbertson TA and others: J Neurosci 21:4931–4941, 2001.) 



 

Figure 62-8 Photomicrographs of in situ labeling of taste receptor cells in the circumvallate (A) and foliate (B) papillae. The red labeling denotes staining with probes for the T2R class of receptors which tranduce bitter stimuli; green with 
the T1R class that tranduces sweet or amino acid stimuli. Note the lack of overlap of these classes of receptors within individual cells. These data are in some conflict with physiologic data, such as that shown in Figure 62-7 . (Nelson G and 
others: Cell 106:381–390, 2001). 

 

Figure 62-9 Human MRI images in the parasagittal (A and B) and horizontal (C) planes denoting the location of primary gustatory cortex in the insular-opercular region (A and B) and secondary gustatory, orbitofrontal (C) cortex. The 
different-colored symbols denote data from various laboratories. (From Small DM and others: Neuroreport 10:7–14, 1999.) 
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Chapter 63 - MECHANISMS OF NORMAL AND ABNORMAL SWALLOWING

Jeri A. Logemann 



STAGES OF NORMAL DEGLUTITION

Swallowing is a complex neuromuscular function involving structures in the oral cavity, pharynx, larynx, and esophagus. Various researchers have divided normal swallowing into four stages: the oral preparatory stage, the oral stage, the 
pharyngeal stage, and the esophageal stage.[3] [7] [13] [34] [45] The first two stages, the oral preparatory and the oral, are under voluntary control, whereas the second two stages, the pharyngeal and esophageal, are involuntary, being under reflexive 
control.[51] [61] The oropharyngeal swallow is no longer considered a reflex but rather a programmed activity; the motor program varies with the characteristics of the food being swallowed (i.e., the bolus), voluntary control, and other as yet 
undefined parameters.

VOLUNTARY STAGES OF THE SWALLOW

Oral Preparatory Stage

The oral preparatory aspect of deglutition, which prepares food for the swallow, involves the coordination of (1) lip closure to hold food in the mouth anteriorly, (2) tension in the labial and buccal musculature to close the anterior and lateral 
sulci, (3) rotary motion of the jaw for chewing, (4) lateral rolling motion of the tongue to position food on the teeth during mastication, and (5) bulging forward of the soft palate to seal the oral cavity posteriorly and widen the nasal airway.[34] 
The forward position of the soft palate is not present during active chewing, and premature spillage while chewing is common and normal in people of all ages. Much of this coordination requires cerebellar input.[30] The oral phase of 
deglutition is mechanical in that it involves the reduction of solid food to a pulverized consistency that may be easily swallowed. The most important neuromuscular function involved in the oral preparatory phase is the lateral rolling motion 
of the tongue.[17] Without normal range of tongue motion, the manipulation and mastication of food during the oral preparatory phase would be impossible. Although patients can chew without teeth and with restricted jaw motion, reduced 
buccal tension, or reduced lip closure, they cannot chew without normal tongue mobility. At the termination of the oral preparatory phase, the tongue pulls the food together into a ball or bolus and holds it in a cohesive fashion on the floor of 
the mouth or against the hard palate ( Figure 63-1 ) in preparation for the beginning of the oral phase of the swallow.[8] [34] [62] [63] [64] 

Oral Stage

The oral stage of the swallow is also a mechanical, voluntary stage and is designed to move food from the front of the oral cavity to the pharynx, wherein the pharyngeal stage of swallow is initiated. Again, tongue motion is the most critical 
element in this phase of the swallow, because the tongue shapes, lifts, and squeezes the bolus upward and backward along the hard palate until the food reaches the pharynx.[15] [22] [24] [44] During this posterior propulsion by the midline of the 
tongue, the lateral margins of the tongue are sealed against the alveolar ridge, providing resistance against which the midline of the tongue propels the bolus.[22] Tension in the buccal musculature is also thought to contribute to propelling the 
bolus backward, but to a much lesser degree than tongue movements.[65] When the head or leading edge of the mandible crosses the tongue base, the pharyngeal swallow should be triggered in healthy people of all ages ( Figure 63-2 ). The 
pharyngeal swallow usually is triggered by the glossopharyngeal nerve (C9). In healthy people, the oral stage lasts no more than 1.0 to 1.5 seconds and is slightly prolonged with increasing age and with increasing viscosity of the bolus 
swallowed.[6] [45] 

In animal studies and in healthy humans, the pharyngeal swallow has been found to be triggered not only from the C9 but also from the superior laryngeal nerve at the inlet of the larynx. * Normal swallowing does not use this secondary 
mechanism for triggering

*References [14] [19] [20] [46] [52] [57] . 
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Figure 63-1 The anterior and lateral views of tongue position in holding bolus immediately before initiating oral stage of swallow. 

 

Figure 63-2 The lateral view of the head and neck illustrating the normal point at which swallowing reflex triggers. 



 

Figure 63-3 The lateral view of the head and neck, showing four neuromuscular components triggered by swallowing reflex: (1) closure of soft palate, (2) peristaltic action, (3) elevation and closure of larynx, and (4) relaxation of 
cricopharyngeal muscle. 
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sinuses. When residue or material remains in the valleculae after the swallow, it is interpreted as a symptom of reduced tongue base movement.[35] Tongue base movement occurs later as bolus volume increases.

Esophageal Stage

When the bolus has passed through the UES, the esophageal phase of the swallow begins. The esophageal stage has greater variability in duration than the other stages of the swallow. Normal esophageal transit may vary from 8 to 20 
seconds.[34] The upper third of the esophagus is composed of mixed voluntary and involuntary muscle, and the lower two thirds is composed entirely of involuntary muscle. The lower esophageal sphincter acts as a valve to the stomach. This 
valve, like the UES, should open in time to allow the bolus to pass from the esophagus into the stomach.

In summary, the pharyngeal stage of the swallow is responsible for transit of material into the esophagus and for airway protection, probably the most important aspect of deglutition.

Figure 63-4 illustrates the progression of the bolus through the pharynx. If an anatomic or neuromuscular disorder affects the pharyngeal stage of the swallow, aspiration may result.

SIGNS AND SYMPTOMS OF ABNORMAL SWALLOW

Aspiration (Coughing, Chocking)

Aspiration is the entry of material into the airway below the true vocal cords. The effect of chronic aspiration in adults is not well understood, but in the long term it may result in pneumonia or pulmonary changes. Several studies have shown 
that patients who are observed to aspirate on a radiographic study of swallowing are at significantly greater risk of pneumonia developing than patients who do not show aspiration on such a study. Many patients with head and neck cancer 
who have chronic aspiration do not survive long enough to experience the long-term effects of their aspiration. Aspiration may occur before, during, or after the pharyngeal swallow.[34] Aspiration that occurs before the pharyngeal swallow 
may result from one of two disorders: reduced tongue control or a delayed or absent pharyngeal swallow. When tongue control is reduced during the oral preparatory or oral stages of the swallow, bits and pieces of food may fall into the 
pharynx and the open airway as the patient chews. It is important to note that the airway normally is open during the oral preparatory and oral stages of the swallow. The airway is closed only for a fraction of a second during the pharyngeal 
swallow. Aspiration before the swallow can also occur because of a delayed or absent pharyngeal swallow. In these patients, the food is propelled out of the oral cavity by the tongue and falls into the pharynx, wherein it may come to rest in 
the valleculae, the pyriform sinus, or the airway before the pharyngeal swallow is triggered. The entry of food into the airway does not always trigger a cough, particularly in neurologically impaired patients and some patients with head and 
neck cancer in whom sensory input is damaged.[33] [34] 

Aspiration during the swallow takes place when airway closure is inadequate to prevent material from entering the airway during the pharyngeal swallow. Aspiration after the swallow occurs for a number of reasons, including reduced 
laryngeal elevation, reduced tongue base retraction, reduced pharyngeal contraction, unilateral pharyngeal damage, or cricopharyngeal dysfunction. In all of these instances, residue remains in the pharynx after the swallow. When the patient 
opens the larynx to inhale as is normal after a swallow, some of this residue is sucked or falls into the airway. Determination of the cause of aspiration is critical for efficient treatment. Aspiration is only a symptom of a disorder. Evaluation 
of swallow is designed to identify the anatomic or physiologic cause of the aspiration. Treatment is designed to eliminate the reason for the aspiration. Each of the disorders noted previously as potential causes of aspiration is treated 



differently.

Inefficient Swallowing

Malnutrition, dehydration, and weight loss can be complications of a swallowing disorder. They result from inefficient swallowing (i.e., inability to propel food or liquid into the stomach) at each meal. Many different anatomic or physiologic 
swallowing disorders may cause these complications. As with aspiration, treatment is directed at the anatomic or physiologic disorder causing these complications.

SCREENING FOR SWALLOWING DISORDERS

Screening involves quickly reviewing patient characteristics to see whether they indicate the possible presence of a swallowing disorder and the need for a more in-depth examination. To screen a patient, the clinician may do a chart review, 
briefly talk with the patient, and/or observe them eating a meal.

EVALUATION OF SWALLOWING

Because inefficient swallowing or aspiration occurs in many patients without visible external symptoms such as coughing, a careful evaluation of swallowing is imperative for patients who have been temporarily removed from oral feeding 
because of surgery or a neurologic incident such as a cerebrovascular accident or closed head trauma. Evaluation is particularly important at the time when oral feeding is being reinitiated. The currently available procedures to examine
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Figure 63-4 A through E, Lateral views of the head and neck illustrating progression of bolus through the pharynx. 
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Figure 63-5 Positioning of patient during modified barium swallow. The structures to be examined in this lateral view are shown in lower right corner. 
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Chapter 64 - ORAL MUCOSAL LESIONS

James J. Sciubba 



RED/WHITE LESIONS

Leukoedema

Definition

Leukoedema presents as a diffuse and generalized mild surface opacification that chiefly involves the buccal mucosa. It essentially represents a normal variation of surface mucosal texture and characteristics and can be identified in large 
numbers within the population; however, it is most marked in those possessing higher levels of cutaneous and mucosal pigmentation, being present in the majority of black adults and in nearly half of black children.

Etiology and Pathogenesis

No clear cause of this condition has yet been established. Factors that may have a role in the manifestation of this condition include smoking, alcohol ingestion, bacterial infections, electrochemical interactions, and possibly inflammatory 
salivary disorders, although no specific, reproducible, or definitive cause has been proven to date. Many authorities indicate that this hardly represents a disease entity but rather may be considered a variation of what is normal. Similar 
edematous alterations of mucosa may also be seen in the vagina and larynx, further supporting the notion that this is indeed a normal variant of mucosal surface appearance. The incidence of leukoedema increases with age up to 40 to 49 
years, followed by a decline. [60] 

Clinical Features

Leukoedema is asymptomatic in nature and is usually discovered incidentally during routine examination or by the patient. The distribution tends to be symmetrical and involves the buccal mucosa and, to a lesser extent, the labial mucosa. 
The appearance may be that of a diffuse filmy grayish surface with white streaks, wrinkles, or milky alteration ( Figure 64-1 ). At rest the tissue may appear opaque, whereas when stretched, the opaque alteration dissipates to the point where 
it is barely visible.

Simply stretching the mucosa will cause the altered area to essentially disappear; however, leukoplakia or hyperkeratotic conditions will not demonstrate similar attenuation, thus allowing separation of this condition from leukoplakia. Other 
conditions that should be clinically separated from leukoedema include white sponge nevus, reactive keratosis caused by chronic low-grade trauma, the homogenous form of lichen planus, and hereditary benign intraepithelial dyskeratosis.

Histopathologic Features

The surface of the epithelium is usually parakeratinized, whereas the epithelial ridges are broad and elongated with occasional spike-type morphology. Dominating the histomorphology is marked intracellular edema within the prickle cell or 
spinous cell layer, where individual cells will appear enlarged and optically clear or vacuolated, with peripherally displaced pyknotic nuclei and an overall bland appearance in association with a volumetric increase in the thickness of the 
epithelial layer ( Figure 64-2 ).

Management

This particular mucosal alteration does not require treatment because it is totally benign. There have been no reported cases of dysplastic alteration or transformation to carcinoma. The major concern relative to this condition is separating 
such from leukoplakia.

Oral Leukoplakia

Definition

Oral leukoplakia can be defined as a white patch or plaque that cannot be otherwise characterized clinically as representing any other disease entity. This de facto removes the concept of leukoplakia from the histopathology laboratory to the 
clinician in terms of definition and utility. From a historical perspective, albeit erroneous, many pathologists and clinicians use the term leukoplakia synonymously with microscopic alteration, in particular that of degrees
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Figure 64-1 Leukoedema is characterized by a milky, translucent, and diffuse alteration of the buccal mucosa. 

 

Figure 64-2 Leukoedema demonstrates large, pale epithelial cells with peripherally displaced pyknotic nuclei and broad epithelial ridges. 

 



Figure 64-3 Lower lip vermillion surface affected with leukoplakia interspersed with patchy melanotic pigmentation. 

 

Figure 64-4 Viadent®-related leukoplakia involves a portion of the maxillary alveolar mucosa as a well-defined thin keratotic surface alteration. 

 

Figure 64-5a Leukoplakia. A, A homogeneous, slightly opaque alteration that is well marginated superiorly but merges with the gingival mucosa inferiorly. 

 

Figure 64-5b B, Hard palatal leukoplakia with a minimally elevated surface crossing the palatal midline. C, A thick, sharply marginated focal leukoplakia of the ventral/lateral tongue with a uniform erythematous periphery. 

 

Figure 64-5c Speckled or heterogeneous leukoplakia where the leukoplakia element is set on an erythroplakia. E, A diffuse thin leukoplakia of the ventral tongue surface with very homogenous qualities and slightly diffuse peripheral 
margins. 



 

Figure 64-6 Developing proliferative verrucous leukoplakia with a thickened, elevated surface outline and coarsely granular to minimally warty surface qualities. 

 

Figure 64-7a Epithelial dysplasia. A, Mild epithelial dysplasia with cytologic atypia confined to the lower epithelial strata. B, Moderate epithelial dysplasia contains several layers of atypical cells; however, the upper half of the epithelial 
thickness remains with a normal-appearing maturational sequence. 



 

Figure 64-7b Severe epithelial dysplasia with essentially full-thickness epithelial cell atypia, without evidence of invasion. 

 

Figure 64-8 Oral hairy leukoplakia along the lateral tongue margin is characterized by vertically corrugated keratotic ridges. 

 

Figure 64-9 A low-power view of oral hairy leukoplakia shows a thick parakeratotic surface layer and a characteristic pale subsurface layer above the spinous layer. 

 

Figure 64-10 Reticular-type lichen planus with delicate striae over the posterior buccal mucosa. 

 

Figure 64-11 Atrophic lichen planus with characteristic erythema and edema, loss of surface keratinization, and an overall glassy appearance. 

 

Figure 64-12 Erosive lichen planus of the buccal mucosa demonstrates irregularly marginated, intense erythema with patchy superficial erosions. 



 

Figure 64-13 A characteristic intense lymphocytic infiltrate abuts the basal layer in mucosal lichen planus. Lymphocytes track into the epithelium, and intercellular edema is noted in the lower spinous layer with focal basal layer edema. 

 

Figure 64-14 Fibrinogen reactivity at the basement membrane zone characterizes the direct immunofluorescence findings in lichen planus. 

 

TABLE 64-1 -- OROPHARYNGEAL CANDIDIASIS: RISK FACTORS

Local factors (mucosal barrier function) Heavy smoking

 Foreign bodies (dentures, nasogastric tubes)

 Radiation-induced mucositis

 Inhalational and topical corticosteroid use

 Xerostomia

 Mucosal tumors

Systemic factors Immunosuppression, age, viral-retroviral, chemotherapy, corticosteroid use

 Diabetes mellitus

 Intrinsic immunodeficiency

 Myelodysplasias/leukemia

 Antibiotic administration
 
 

TABLE 64-2 -- CLINICAL FORMS OF ORAL: OROPHARYNGEAL CANDIDIASIS[2]

Acute candidiasis Pseudomembranous (thrush)

 Erythematous/atrophic

Chronic candidiasis Hyperplastic (candidal leukoplakia)

 Denture-related (chronic erythematous / atrophic)

 Median rhomboid glossitis

Angular cheilitis  

 
to mucosal surfaces and subsequent replication. Yeast adherence to several ligands is complex. It is aided by intrinsic candidal adhesion that in turn binds to salivary proteins that are absorbed onto cell surfaces.[18] [20] Such binding, one measure 
of virulence, is a covalently mediated bonding in part related to fungal synthesis of this hyphae-associated proline-rich surface protein.



Clinical Features

Symptoms of oral/oropharyngeal candidiasis range from none or minimal ones to those that may include burning, dysgeusia, sensitivity, and generalized discomfort. Odynophagia may be noted in association with pharyngeal/hypopharyngeal 
involvement.

Of the clinical forms, the erythematous, atrophic, and pseudomembranous types are most likely to produce symptoms ( Figure 64-15 ). So-called denture sore mouth (chronic erythematous/atrophic candidiasis) is generally minimally to 
completely asymptomatic, whereas the acute forms are uniformly problematic. Deeply invasive candidal infection in immunosuppressed persons may present as an ulcerative lesion. Of note is the tendency of the various clinical forms to 
cycle from a bland, asymptomatic state to a symptomatic one in relation to general host factors or degree of medical compromise. Acute pseudomembranous candidiasis (thrush) with characteristic soft, white, and superficial colonies of 
organisms may be widespread and often asymptomatic ( Figure 64-16 ).

Angular cheilitis ( Figure 64-17 ) is generally considered to be a candida-related condition, although supervening or coinfection with staphylococcal species may be noted. In such instances, the labial commissures can appear fissured, 
macerated, or erythematous, often with extension onto the adjacent skin.

Hyperplastic candidiasis, or leukoplakic-type hyperkeratosis, appears as asymptomatic keratotic plaques, often placed posterior to the labial commissures along the occlusal line. A triangular pattern of hyperkeratosis is noted with the apex 
directed posteriorly ( Figure 64-18 ). Less commonly, similar lesions may be present on the cheeks, palate, and lateral tongue surfaces. Because idiopathic leukoplakia may become secondarily colonized by candidal organisms, confusion 
may arise, often demanding a tissue biopsy to confirm the nature of the clinical lesion.

Differential Diagnosis

The manifold presentation of oral/oropharyngeal lesions permits a broad differential diagnosis. Of these entities erythroplakia, speckled or nodular leukoplakia, and papular, erosive/atrophic lichen planus are to
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Figure 64-15 Acute erythematous candidiasis over the hard palate mucosa developed subsequent to a course of broad-spectrum antibiotics. 

 

Figure 64-16 Pseudomembranous candidiasis (thrush) in a poorly controlled diabetic denture wearer. 

 

Figure 64-17 Angular cheilitis caused by a lip-licking habit extending to perilabial skin. 

 

Figure 64-18 So-called candidal leukoplakia may represent a hyperplastic response to long-term, asymptomatic oral candidiasis. 



 

Figure 64-19 Fungal colonization of the oral mucosal surface with characteristic septate hyphae (methenamine silver stain). 

 

Figure 64-20 Pemphigus vulgaris of the buccal mucosa with patchy and irregular superficial ulcerations and surface slough representing collapsed bullae. 

 

Figure 64-21 Subtle desquamative, tender lesions of pemphigus vulgaris involving the mandibular attached gingiva and alveolar mucosa. 

 

Figure 64-22 A low-power view of clinically intact mucosa adjacent to ulcerated lesions of pemphigus vulgaris showing a discrete, uniform separation of the parabasal and superficial epithelium from the basal layer, which remains adherent 
to the basement membrane. 

 

Figure 64-23 Fluorescence of the intercellular space regions with labeled anti-IgG antibody is diagnostic for pemphigus vulgaris. 

 

Figure 64-24 Mucous membrane (cicatricial) pemphigoid with characteristic intact vesicles of the attached gingiva. 



 

Figure 64-25 Stripping away the full thickness of gingival epithelium in mucous membrane pemphigoid with a dry cotton swab is helpful in identifying a cleavage disorder of the mucosa. 

 

Figure 64-26 Intact vesicles and serpentine ulceration of the soft palate in mucosal pemphigoid are characteristic. 

 

Figure 64-27 Ocular scarring (symblepharon) with bridging of the palpebral and bulbar conjunctiva in mucosal (cicatricial) pemphigoid. 

 

TABLE 64-3 -- DIFFERENTIAL DIAGNOSIS: MUCOUS MEMBRANE PEMPHIGOID

Drug/substance/food reaction  

Viral (herpetic) infection Primary herpes simplex

 Recurrent intraoral herpes simplex

 Intraoral varicelliform eruptions

Erosive lichen planus  

Epidermolysis bullosa acquisita  

Pemphigus vulgaris  

Paraneoplastic pemphigus  

Stevens-Johnson syndrome  

Erythema multiforme  

Linear IgA disease  

 
tetracycline/nicotinamide has been used effectively as a nonsteroid-based approach in some studies.[76] [78] Severe or unresponsive oral disease, however, may require oral prednisone with or without an additional immunosuppressive, steroid-
sparing agent.[63] 

Herpes Simplex Virus

Primary Herpes Simplex Infection



Definition.

Oral and oropharyngeal lesions caused by the human herpes simplex virus (HHV-1) are the most common virally induced oral/oropharyngeal ulcerative conditions, affecting from 60% to 90% of the population.[43] [66] Each year in the United 
States, approximately 600,000 new cases of primary herpes simplex infection develop in the young, and less commonly in adults, without primary immunity. Spread of primary herpes simplex infection is usually through direct contact with 
an individual with active primary or recurrent disease. Additionally, asymptomatic shedding of HHV within the saliva of recovering or distantly infected persons serves as an additional source of infection.

Etiology and pathogenesis.

HHV consists of a DNA core surrounded by a protein capsule assuming the three-dimensional form of an icosahedron enclosed within a protein envelope structure, measuring approximately 200 nm, and is subclassified into various sub-types
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Figure 64-28 A sharply defined subepithelial cleft in the absence of significant inflammation is characteristic of mucous membrane pemphigoid but not completely diagnostic. 

 

Figure 64-29 Mucous membrane pemphigoid (direct immunofluorescence) with linear IgG fluorescence along the basement membrane. 

 

Figure 64-30 Primary herpetic gingivostomatitis with tender, widespread vesicles and ulceration. 

 

Figure 64-31 Recurrent herpes labialis with clustered intact vesicles at the skin-vermilion junction. 

 

Figure 64-32 Recurrent intraoral herpes simplex in an adult with numerous, widely scattered vesicles and ulcers in association with pain, tenderness, and fever. 

 



Figure 64-33 Typical recurrent intraoral herpes simplex infection along the course of the greater palatine nerve. 

 

Figure 64-34 An intact vesicle of a herpes simplex lesion is intraepithelial in location and filled with serum and free-floating, virally infected keratinocytes and inflammatory cells. 

 

Figure 64-35 A Tzanck preparation from the floor of an unroofed herpetic vesicle showing virally induced cytopathic effect. 

 

TABLE 64-4 -- TRIGGER FACTORS: APHTHOUS STOMATITIS

Psychological stress  

Traumatic/iatrogenic injury  

••Associated systemic diseases/conditions/syndromes Crohn's disease/ulcerative colitis

 Behçet's disease

 PFAPA syndrome

 Malabsorption/gluten-sensitive enteropathy

 HIV disease

 Hematinic and other deficiency states

 Sweet's syndrome (acute neutrophilic dermatosis)

Foods Chocolate

 Tomatoes

 Walnuts, hazelnuts, Brazil nuts

Menstrual cycle  

 
processes are present, although the specific antigen remains unidentified.

An appreciation of the immunopathogenesis in the early phase of lesion formation, where a lymphocytic infiltrate at the site of the future ulcer is noted, is responsible for the clinical preulcerative phase of this process. This is quickly 
followed by the formation of a tense and tender focal tissue alteration characterized by a circumferential area of erythema that indicates a localized vascular engorgement and dilation along with a mild vasculitis. Within 24 hours, the papular 
tender area breaks down, forming the typical ulceration. Importantly, there is no sign of vesicle formation or blistering, vs primary or recurrent HHV infection, with a distribution of the lesions over the nonkeratinizing mucosal surfaces 
(labial, buccal, ventral and lateral tongue, floor of the mouth, soft palate, tonsillar pillars).

The complexity of lesion initiation and progression is emphasized by the likely multifactorial etiology with triggering as well as predisposing factors at play.[86] The latter include local physical trauma, psychic stress, the aforementioned 
hormonal influences, and a negative association in tobacco smokers and users of smokeless tobacco.[9] [44] 

Clinical Features

The traditional view concerning the clinical forms and presentations of recurrent aphthous stomatitis states the minor, major, and herpetiform types, with ulcer size being the major differentiating feature. More
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recent studies[86] have divided aphthous ulcers into three classes based on their clinical presentation. Considered are the duration of the ulceration, their frequency/chronicity, and the level of symptomatology. From a practical standpoint, this 
form of lesional or disease classification can be more readily integrated with the type and intensity of treatment.

Minor aphthous ulceration accounts for up to 85% of all aphthous ulcers. Ulcers range up to 10 mm in diameter and are located over nonkeratinized mucosa, usually in the anterior portion of the oral cavity. The duration of ulcerative 
episodes ranges 

 
Figure 64-36 A and B, Minor aphthous ulcers of the labial mucosa and ventral tongue show a yellow fibrinous base, sharply marginated periphery, and erythematous periphery. 

 

Figure 64-37 A solitary major aphthous ulcer at the posterior margin of the soft palate. 

 

Figure 64-38 Herpetiform aphthous ulcerations of the lower labial and alveolar mucosa are pinhead in size, very numerous, and of shallow depth. 

 

TABLE 64-5 -- RECURRENT (2-DEGREE) HHV VS RAS (MINOR)

 HHV RAS

Etiology Herpes simplex I/II Varied/immune dysfunction

Location Keratinized tissue; mucosa Moveable/nonkeratinized

Vesicle phase Yes No

Duration 7–14 days Varies (usually 7–10 days)

Management Topical (docosanol, penciclovir), oral antivirals Severity-related, usually topically-based steroids



Prodrome Often Uncommonly

Triggers Stress, trauma Stress, ultraviolet light, foods

Biopsy findings Viral cytopathic effect Nonspecific
 
also exists where lesions of the skin, lips, and mouth may be noted concurrently or asynchronously. The condition may range from a self-limited, mild, exanthematous process with skin and minimal oral involvement (EM minor) to a more 
fulminant, progressive process with epithelial necrosis of skin and mucosa—Stevens-Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN).[10] It may be prudent to view EM, SJS, and TEN as an overlapping spectrum of the same 
process with varying degrees of severity.

Etiology and Pathogenesis

Controversy exists concerning the initiation event of this reactive disease process; however, it is clear that numerous triggers have been associated with this condition including photosensitivity, medications, and viral infections including 
Epstein-Barr virus, chronic hepatitis C, HHV-1, and parvovirus B19, with recurrent HHV-1 the most common trigger.[27] [29] [51] [53] [71] Although approximately 50% of cases can be associated with triggering agents or events (infections, drugs),[97] 
the latter group of cases (drug-induced EM) are most commonly identified as being associated with antiseizure medications such as carbamazepine and phenytoin, as well as sulfonamides, other antibiotics, and some analgesics. The strongest 
association however, is between recurrent HHV-1 infection and EM; in two series, respectively, 79% to 100% of EM cases followed such an infection.[48] [50] Controversies of etiology aside, it is clear that in a high percentage of EM cases 
preceding recurrent HHV infection or another infectious process (e.g., viral, mycoplasma) or drug ingestion serves as the major etiologic factors. Also reported is the frequency of circulating immune complexes in the serum of patients with 
EM.[38] 

At the tissue level, antigen-antibody complexes diffuse from local vasculature to initiate activation of the complement cascade followed by development of local vasculitis and a directed movement of neutrophils and
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macrophages into the epithelium and lamina propria. Keratinocyte necrosis follows with formation of oral and cutaneous ulceration.

Clinical Features

An acute and self-limiting reaction, EM involves mucosa and skin with bullae or ulceration in a symmetrical distribution. Classic target or iris lesions develop over the skin and are characterized by concentric circles or annular configurations 
of slightly 

 
Figure 64-39 Numerous "iris" or "target" lesions of erythema multiforme over the thenar eminence in a patient with oral and oropharyngeal involvement by this condition. 

 

Figure 64-40 Intraoral ulcerations of erythema multiforme showing thick pseudomembranous lesions over the ventral tongue surface and floor of the mouth. 

 

Figure 64-41 Exudative, tender lesions of the lower labial vermilion surface and mucosa of erythema multiforme. 



 

Figure 64-42 A so-called traumatic (eosinophilic) granuloma presents as a chronic, sharply marginated ulcer, often with a variable level of peripheral hyperkeratosis. 

 

Figure 64-43 An intense chronic inflammatory infiltrate containing numerous scattered eosinophils between skeletal muscle bundles is characteristic of the traumatic granuloma. 

 

Figure 64-44 Discrete, uniformly pigmented macules of the lower labial vermilion surface characterize the melanotic macule. 

 

TABLE 64-6 -- ORAL MUCOSAL PIGMENTED DISEASES AND CONDITIONS

Idiopathic-melanocytic Ephelis (focal)

 Nevi (junctional, compound, intramucosal, blue, focal)

 Melanoma and melanoma precursors

Postinflammatory (diffuse)  

Syndromic (association) Peutz-Jegher (focal)

 Laugier-Hunziker (focal)

 McCune-Albright (diffuse)

 Neurofibromatosis (diffuse)

 Cushing's (diffuse)

 Addison's (focal and diffuse)

Medication-related (all diffuse) Minocycline

 Clofazimine



 Chloroquine, antimalarials

 Azidothymidine

 Chlorpromazine

 Heavy metal-containing drugs

 Quinidine

 Cyclophosphamide

Extrinsic Amalgam tattoo

 Traumatic implantation
 
(altered melanocyte) proliferation, can appear in the young or at birth as focal macular to papular hyperpigmented lesions and may persist throughout childhood. Oral melanocytic nevi may be nonpigmented in up to 20% of cases, with the 
palate being the most common site affected followed by the buccal/labial mucosa, gingiva, and alveolar ridge.

Melanoma

Oral mucosal melanoma is a rare neoplasm with a racial predilection for Asians and blacks. Although a preexisting melanosis may be a precursor, this, when present, likely represents lateral spread or superficial spreading melanoma. 
Although oral melanomas do not fit neatly into the well-defined cutaneous melanoma categories, these are parallels to acral lentigenous and nodular melanomas.[12] Those melanomas evolving from an earlier or precursor lateral spreading or 
superficial spreading form are almost always found in adults. Early melanoma of this type is flat, irregularly marginated, and heterogeneously pigmented. With progress, the degree of pigmentation increases, as does the surface area, with a 
deeper brown to variegated gray-brown color noted. Most oral melanomas derive from the macular form; however, some arise ab initio as a rapidly growing nodule (nodular melanoma).

Most oral mucosal melanomas (40%) occur on the hard or soft palate, whereas gingival melanomas ( Figure 64-46 and Figure 64-47 ) comprise approximately one-third of melanomas.[46] Most intraoral lesions (85%) are invasive at initial 
discovery, or show both
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Figure 64-45 Focal melanosis ("smoker's melanosis") is characteristic over the buccal mucosa as scattered macular evenly pigmented patches. 

 

Figure 64-46 Melanoma of the hard palate with uneven pigmentation, diffuse margins, and widespread distribution. 

 

Figure 64-47 Gingival melanoma. This lesion arose as a slightly nodular pigmented surface alteration with more macular or superficial spreading qualities at the free gingival margin. 

 

Figure 64-48 A focal melanotic macule with barely discernible dendritic processes of melanocytes within the epithelium in association with clusters of melanophages and free melanin in the lamina propria. 



 

Figure 64-49 Melanoma of the palate with epithelioid and spindle-shaped melanocytes invading the epithelium and extending deeper into the lamina propria. 

 

Figure 64-50 Melanin-laden melanoma cells of polyhedral shape within a prominent spindle cell population of melanoma cells. 

 

Figure 64-51 An amalgam tattoo of the labial mucosa with a characteristic gray-black color, macular surface, and slightly diffuse margins. 

 

Figure 64-52 Fine particles of amalgam within this amalgam tattoo are distributed along collagen bundles within the submucosa. 
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Chapter 65 - ORAL MANIFESTATIONS OF SYSTEMIC DISEASE

Jonathan A. Ship 
Elisa M. Ghezzi 

INTRODUCTION

The oral cavity plays a major role in physiology. Three critical functions are performed by the oral cavity: the intake of foods and beverages, communication, and the protection of the host from noxious substances. Multiple head, neck, and 
oral tissues have evolved to carry out these vital functions including the following: muscles of facial expression, mastication, and deglutition (including the tongue); oral mucosal, dental, and periodontal tissues; salivary glands; and taste and 
smell receptors. These tissues continually work together to keep a person hydrated and nutritionally healthy, to protect the upper aerodigestive tract, and to provide chemosensory information about foods, beverages, and potentially dangerous 
substances. Many of these processes and tissues can remain remarkably intact throughout the course of a person's life, yet numerous systemic diseases and their treatment (e.g., medications, surgery, head and neck radiation, chemotherapy) 
can cause significant impairments to oral health. These problems can subsequently lead to malnutrition, infection, impaired communication, pain, and an impaired quality of life.

The oral cavity has been frequently referred to as a window into a person's body. Several systemic diseases manifest initially through oral manifestations, which can be readily examined via noninvasive techniques. Saliva and crevicular fluid 
(exudate from the periodontal ligament) may replace certain serologic tests in the future, and buccal epithelial cells may provide diagnoses for systemic diseases. Recognition of normal and unusual oral conditions will help improve the 
prevention, diagnosis, dissemination, and management of many systemic diseases. Systemic conditions may require modifications of oral treatments ( Table 65-1 ), and drugs can affect oral health ( Table 65-2 ). This clearly requires a 
multidisciplinary approach to healthcare involving numerous specialties from medicine and dentistry.

The purpose of this chapter is to provide an overview of the oral manifestations of the most prevalent medical conditions and their treatments. Recognition and treatment of many systemic conditions can help prevent the development of 
certain oral diseases. Conversely, diagnosis and management of numerous head, neck, and oral diseases can help minimize the progression and severity of several systemic diseases.

DISEASES OF THE HEART

Diseases of the heart, such as ischemic heart disease, myocardial infarction, and hypertension, have remained the number one cause of death for the past five decades. Given that these diseases are also the third most common chronic 
condition in adults aged 65 years and older, oral manifestations of heart diseases and their treatment are common.

Some cardiovascular conditions and their subsequent treatment have oral-facial signs and symptoms, and therefore have oral treatment considerations. Anginal pain can appear as referred pain to the neck, clavicle, and mandible, and it can be 
localized to the mandible and teeth. A comprehensive differential diagnosis must include consideration of dental-alveolar origin (e.g., caries, periodontal disease), temporomandibular joint (TMJ) disease, referred musculoskeletal pain, 
central or peripheral nervous system pain, and myocardial infarction.

Several recent epidemiologic studies have demonstrated an association, but not a causal relationship, between heart disease and dental/periodontal diseases. [6] [28] [43] [56] [58] Periodontal pathogens have been found in carotid atheromas and shown to 
induce platelet aggregation. [28] However, the role of periodontal
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TABLE 65-1 -- ORAL TREATMENT CONSIDERATIONS DUE TO SYSTEMIC CONDITIONS

Systemic Condition Cause Oral Considerations Treatment Considerations

Coagulation disorders Anticoagulation therapy Increased bleeding risk Alter anticoagulation therapy

 Chemotherapy  Limit dental-alveolar surgery

 Liver cirrhosis  Use topical anticoagulation methods



 Renal disease   

Immunosuppression Alcoholic cirrhosis Microbial infections Appropriate antimicrobial medications

 Chemotherapy   

 Diabetes   

 Medications   

 Organ transplant therapy   

 Renal disease   

Joint replacements Accidents Increased risk for late prosthetic joint infections Antibiotic prophylaxis

 Osteoarthritis   

 Rheumatoid arthritis   

Radiation sequelae Head and neck Radiation Salivary hypofunction Regular fluoride use

  Mucositis Salivary substitutes and stimulants

  Osteoradionecrosis  

  Increased caries risk Aggressive oral hygiene and recall

  Dysphagia  

  Dysgeusia Pain management

  Difficulty with mastication  

  Microbial infections  

  Impaired denture retention  

Steroid therapy Autoimmune diseases Microbial infections Appropriate antimicrobial medications

 Organ transplant therapy Increased risk for adrenal insufficiency  

   Steroid supplementation for dental procedures

Valvular damage/heart murmur Acquired heart defects Increased risk for developing subacute bacterial endocarditis Antibiotic prophylaxis

 Congenital heart defects   

 Valvular transplants   

 
infection as a risk factor for cardiovascular disease requires further scientific validation.

The treatment of cardiovascular diseases with drugs also has deleterious oral consequences. For example, antihypertensive medications have been shown to cause salivary dysfunction (as in the cases of diuretics, calcium-channel blockers, β-
blockers), gingival enlargement (calcium-channel blockers), lichenoid mucosal reactions (thiazide diuretics) and disturbances in taste (ACE inhibitors, calcium-channel blockers). Higher salt detection thresholds have also been observed in 
persons with hypertension.[78] Consideration of possible alteration of drug regimens is appropriate.

Persons who have undergone cardiac transplantation and are receiving postoperative immunosuppressive pharmacologic regimens must be evaluated for potential oral complications.[38] Immunosuppressive therapy increases the prevalence of 
oral opportunistic infections, such as reactivation of herpes simplex virus and overgrowth of Candida albicans. Cyclosporine, a frequently used antirejection drug, has been reported to cause gingival enlargement in as many as 13% to 85% of 
patients.[59] 

Consideration must be given to cardiac conditions before dental treatment is undertaken. Patients receiving anticoagulation therapy may present with hemorrhagic lesions of oral mucosal tissues (see section titled "Cerebrovascular 
Diseases"). Antibiotic prophylaxis is recommended for persons with cardiac valvular abnormalities at risk for developing subacute bacterial endocarditis. Recent modification of the antibiotic recommendations simplified and clarified the 
regimen to reduce overuse of antibiotics, potential adverse effects, and drug resistance.[17] Current investigations have found scant data to support an association between dental treatment and the development of subacute bacterial endocarditis, 
and therefore judicial use of antibiotics and further research in this area are warranted.[101] 
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TABLE 65-2 -- OVERVIEW OF ORAL SEQUELAE OF MEDICATION INTAKE FOR SYSTEMIC DISEASES

Drug Category Drug Oral Problem

Analgesics Aspirin Hemorrhage, erythema multiforme

 NSAIDs Hemorrhage



 Barbiturates, codeine Erythema multiforme

Anesthetics (local) Benzocaine, procaine HCl, lidocaine Taste disorders

Antiarrhythmics Procainamide Lupus-like reaction

 Quinidine Lichenoid mucosal reaction

Antiarthritic, antipyretic, antiinflammatory Allopurinol, auronofin, colchicine, dexamethasone, hydrocortisone, levamisole, D-
penicillamine, phenylbutazone, salicylates, 5-thiopyridoxine

Taste disorders

  Taste disorders, lichenoid reaction, oral pigmentation, vesiculoulcerative stomatitis

 Gold salts  

Antibiotics All Oral candidiasis

 Erythromycin Hypersensitivity reaction, vesiculoulcerative stomatitis

 Penicillin Hypersensitivity reaction, erythema multiforme, vesiculoulcerative stomatitis

 Chloramphenicol, Ciprofloxacin Clindamycin, Dapsone, Isoniazid, Sulfa 
antibiotics, Tetracyclines

Erythema multiforme

 Minocycline Melanosis

 Chlorhexidine Brown pigmentation of teeth & tongue

 Ampicillin, Cefamandole, Ethambutol HCl, Griseofulvin, Lincomycin, 
Metronidazole, Niridazole, Sulfasalazine, Tetracyclines

Taste disorders

Anticoagulants All Hemorrhage

Anticonvulsants Carbamazepine Erythema multiforme, taste disorders

 Phenytoin Erythema multiforme, gingival enlargement, taste disorders

Antidiarrheal agents Bismuth Dark pigmentation of tongue

Antihistamines All Salivary dysfunction

 Chlorpheniramine maleate Taste disorders

Antihypertensives All Salivary dysfunction

 Calcium-channel blockers Gingival enlargement

 ACE inhibitors Vesiculoulcerative stomatitis, pemphigus vulgaris

 Chloramphenicol Vesiculoulcerative stomatitis

 Hydralazine Lupus-like reaction, erythema multiforme

 Methyldopa Lupus-like reaction and lichenoid mucosal reaction

 Thiazide diuretics Lichenoid mucosal reaction

 Minoxidil, verapamil Erythema multiforme

 Acetazolamide, amiloride, captopril, diazoxide, diltiazem, enalapril, ethacrynic 
acid, nifedipine

Taste disorders

Antilipidemics Cholestyramine, clofibrate Taste disorders

Antimicotics Griseofulvin Erythema multiforme, black pigmentation of the tongue

 Amphotericin B Taste disorder

Antineoplastics All Oral candidiasis, oral hemorrhage, recurrent oral viral infections, aphthous stomatitis, 
vesiculouclerative stomatitis

Anti-Parkinsonian All Salivary dysfunction

 Levodopa Taste disorders

Antireflux agents All Salivary dysfunction

 Cimetidine Erythema multiforme

Antithyroids Carbimazole, methimazole, methylthiouracil, propylthiouracil, thiouracil Taste disorders

Antioxidants Octyl gallate Allergic ulcerations

Anxiolytics Benzodiazepines Salivary dysfunction



Chelating agents Penicillamine Ulcers and pemphigus vulgaris

Corticosteroids, immunosuppressants, 
antiproliferatives

All Oral candidiasis, recurrent oral viral, infections, vesiculoulcerative stomatitis

 Azathioprine, bleomycin, carmustine, doxorubicin, 5-fluorouracil, methotrexate, 
vincristine sulfate

Taste disorders

 Cyclosporin Gingival enlargement

Hypoglycemics Sulfonylurea agents Erythema multiforme

 Glipizide, phenformin and derivatives Taste disorders

Muscle relaxants All Salivary dysfunction

 Baclofen, chlorzoxazone Taste disorders

Others Etidronate, germine monoacetate, idoxuridine, iron sorbitex, vitamin D Taste disorders

Psychotherapeutics All Salivary dysfunction

 Glutethimide, meprobamate Erythema multiforme

 Phenothiazines Oral pigmentation, tardive dyskinesia

 Lithium carbonate Erythema multiforme, taste disorder

 Trifluoperazine HCl Taste disorder

Sympathomimetics Amphetamines, amrinone Taste disorders

Vasodilators Bamifyline HCl, dipyridamole, nitroglycerin patch, oxyfedrine Taste disorders
 
Although the dental office environment and dental treatment can increase heart rates and blood pressures, treatment can be safely rendered to patients with ischemic heart disease with adequate anxiety and pain control.[25] The use of local 
anesthetics with epinephrine can be a concern in the treatment of cardiac patients because of the effect of increased heart rate, stroke volume, and cardiac output. However, at low doses, epinephrine has been found to have few of these 
systemic effects, and in stable cardiovascular patients it can be safely used. For patients with a questionable cardiac history, 0.04 mg of epinephrine should be the maximum dose given (approximately two 1.8-cc carpules of local anesthetic 
with 1:100,000 epinephrine), whereas unstable cardiac patients should receive epinephrine only for emergency dental treatment.

MALIGNANT NEOPLASMS

Cancers of the oral cavity and pharynx, which represent 2.1% of all neoplasms in the United States, have a direct and frequently permanent deleterious affect on oral health and function. It is estimated that there will be 28,260 new cases of 
oral cavity and pharyngeal cancers diagnosed in 2004, and an estimated 7230 deaths attributable to these neoplasms in the United States.[45] Although men experienced a much greater likelihood of developing oral-pharyngeal cancer in the 
past, the male-female ratio is now 2:1. The prevalence and mortality of oral cancers increase with age, and the major preventable risk factors are tobacco use and excessive alcohol consumption.

Approximately 90% of all head and neck tumors are squamous cell carcinomas, which arise most commonly on the lips, floor of the mouth, posterior-lateral borders of the tongue, and posterior oral pharynx.[63] Common signs include non-
healing crusting and ulcerated leukoplakic and erythemic lesions. Pain is not necessarily a symptom of oral cancers, and patients should be advised to see their dentists or physicians for definitive diagnosis if a lesion or swelling has not 
resolved within a 2- to 3-week period.
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Most of the remaining 10% of head and neck tumors are salivary gland tumors or lymphomas; further, approximately 1% of all tumors that originate below the clavicles and metastasize to the head and neck.[112] Accordingly, visual inspection 
and palpation of the head and neck region must include lymph nodes, muscles of mastication and facial expression, and salivary glands. Furthermore, a histopathologic examination is required of all non-healing head, neck, and oral lesions.

Early detection of oral cancer is critical because patients with early-stage tumors have considerably better survival rates than those with late-stage cancers that have already spread to regional tissues and the lymphatic system. For example, 5-
year survival rates for small and localized tongue cancers (stage I and II) and those tongue cancers with lymph node involvement and possible metastasis (stage III and IV) are 67% and 30%, respectively.[94] Accordingly, since 1980, the 
American Cancer Society has recommended a cancer-related checkup every 3 years for persons aged 20 to 39 years and annually for individuals 40 years and older.[96] 

The treatment of most cancers will indirectly or directly affect oral health and function. Chemotherapy causes reversible mucositis, stomatitis, salivary hypofunction, smell and taste dysfunction, diminished appetite, and increased 
susceptibility to oral microbial infections.[71] Due to the significant morbidity and mortality of antineoplastic therapies, these patients require frequent and long-term follow-up by dental professionals.

Treatment for oral-pharyngeal neoplasms includes surgery, radiation therapy, and chemotherapy, depending on the tumor stage and extent of regional spread. [91] Extensive removal of the cancerous growth and affected lymph nodes can result 
in significant facial disfiguration, dysphagia, altered speech and mastication, trismus, facial and oral paresthesia, salivary gland dysfunction, and diminished neck and shoulder mobility. Head and neck radiation is frequently used after 
surgery for the treatment of residual and microscopic disease; however, it also has significant adverse effects. These sequelae include mucositis, stomatitis, dysphagia, permanent salivary gland dysfunction, smell and taste dysfunction, oral 
microbial infections (e.g., reactivation of herpes simplex and varicella zoster viruses, C. albicans infections), and increased risk of developing osteoradionecrosis.[91] 

Importantly, these patients must undergo preoperative dental evaluation and treatment before definitive therapy so as to remove oral pathology (e.g., dental caries, periodontal disease, nonrestorable teeth) prior to developing the common oral 
sequelae of surgery, chemotherapy, and radiotherapy.[94] Furthermore, both dentate and edentate postoperative patients must continue to perform scrupulous oral hygiene and maintain a regular recall schedule with their oral health 
professionals to reduce the risk of developing osteoradionecrosis, oral microbial infections, and other oral pathologies.



CEREBROVASCULAR DISEASES

The motor, sensory, and cognitive alterations that accompany cerebrovascular diseases have deleterious effects on oral health and function. A cerebrovascular accident (CVA, or stroke) can cause permanent oral sensory and motor deficits, 
resulting in poor tongue function and lip seal, difficulty eating and drinking, impaired use of dentures, and visuospatial problems with adverse social and psychological consequences. [68] Nutritional deficiencies and diminished quality of life 
can result from impaired food and fluid intake.

The location of the CVA determines the oral-facial deficits. Left cerebral cortex lesions cause right-sided paralysis and difficulty with auditory memory, speech, language, and the oral phase of swallowing. Right cortex lesions cause left-
sided paralysis with subsequent neglect of affected sites, pharyngeal dysfunction with potential for aspiration, and difficulty with memory and performing certain tasks (such as tooth brushing). Oral-facial motor and sensory impairments can 
lead to improper dental and denture hygiene and food accumulation or pocketing around teeth, in the buccal vestibules, and underneath the tongue. Ultimately, this can lead to dental and periodontal diseases and oral microbial infections that 
can become exacerbated by the lack of sensory detection by the patient. Some patients experience problems with communication, judgment, and memory, which inhibit accurate solicitation of the patient's pertinent medical history, chief 
complaint, and compliance with home care instructions.

Anticoagulation therapy, the standard preventive treatment after a stroke, will produce hemorrhage, petechiae, ecchymoses, and purpura of all oral mucosal tissues. Dental treatment can be safely performed if the prothrombin time is within 
twice the normal range or if the international normalized ratio is less than 3.[69] However, if excessive dental-alveolar surgery is planned, modification of the anticoagulant regimen is necessary to reduce the risk of peri- or postoperative 
hemorrhage.

Head and neck radiographic findings and oral/periodontal status may aid in identification of persons at risk of CVAs. Carotid calcifications of atherosclerotic plaques have been found on 4% of panoramic radiographs of asymptomatic 
persons older than 55 years.[14] Periodontal disease and tooth loss are associated with increased risk of stroke.[47] [111] It is
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hypothesized that the infectious burden of oral disease can initiate proliferation of inflammatory cells and clotting factors resulting in atherogenesis and thromboembolic events.[111] In addition, periodontal bacteria have been isolated from the 
atheromatous plaques after a CVA. The evidence to support a CVA-periodontal disease relationship is stronger than that found in investigations of cardiovascular and oral diseases. However, further prospective clinical trials are needed to 
determine the impact of dental treatment and periodontal therapy on stroke risk.

PULMONARY DISEASES

A common link between pulmonary diseases (COPD; bronchitis, asthma, and emphysema) and oral health is smoking. Smoking, one of the two preventable causes of oral cancer (see section titled "Malignant Neoplasms"), is also associated 
with benign oral mucosal pathology (nicotinic stomatitis, oral fungal infections). Little is known regarding the direct effects of COPD on oral health, yet it is well established that a common treatment modality of COPD (corticosteroids) has 
many oral consequences. [32] Chronic use of corticosteroids suppresses the hypothalamic-pituitary-adrenal axis that can result in acute adrenal insufficiency during stress. Therefore, steroid replacement therapy is necessary for extensive dental 
and surgical procedures.[32] Many patients use steroid inhalers that should be brought to all dental appointments for use if necessary to assure protection of a patent airway. Chronic use of systemic and inhaled corticosteroids also predisposes 
patients to oral fungal infections. Finally, nitrous oxide use is contraindicated in persons with severe COPD.

Aspiration pneumonia, a common condition, particularly in hospitalized and older adults with compromised host defense mechanisms, is caused by the aspiration of gastric or oropharyngeal secretions. Oropharyngeal swallowing 
dysfunction, a consequence of neuromuscular and cerebrovascular diseases, debilitation, salivary hypofunction, and medications, is a frequent risk factor for aspiration pneumonia. [52] Colonization of the oropharynx with gram-negative bacilli 
predisposes to bacillary pneumonia.[57] A major source of anaerobe infection is the gingival crevice. Furthermore, the prevalence of bacterial colonization increases with poor oral hygiene and periodontal disease. It is therefore recommended 
that patients at risk receive routine dental examinations and treatment, and they may benefit from an antimicrobial rinse.[53] Broad-spectrum antibiotics are the standard treatment regimen for pneumonia. Extended antibiotic use increases the 
risk of developing oral fungal infections and antibiotic resistance.

Tuberculosis, a major global health problem due to the spread of Mycobacterium tuberculosis, manifests infrequently in the oral cavity. The classic oral mucosal lesion is a painful, deep, irregular ulcer on the dorsum of the tongue, with 
additional sites including the palate, lips, buccal mucosa, and gingival.[21] M. tuberculosis can also infect the cervical and submandibular lymph nodes (referred to as scrofula) and rarely affect the salivary glands.[10] 

Oral tuberculosis lesions require diagnosis and appropriate antimicrobial management, as well as education on possible transmission via infected oral sites. A recent investigation reported positive oral cultures of M. tuberculosis from 
samples of saliva, dental plaque, caries lesions, and denture plaque collected from tuberculosis patients, demonstrating the possibility of oral infectivity of these patients.[22] Interestingly, detection rates from these oral sites using polymerase 
chain reaction techniques were considerably higher (between 89% and 100% detection rates) than traditional culture methods (0%–17%).[22] With the growing rate of HIV/AIDS in the world, a disease that frequently manifests with 
tuberculosis, clinicians must be familiar with infection control procedures to protect workers against exposure to pathologic and possibly aerosolized microorganisms.

ENDOCRINE AND EXOCRINE DISORDERS

Diabetes Mellitus

The presence or absence of diabetes and the degree of glucose metabolic control in patients significantly influence the level and severity of diabetes-related oral diseases. Patients who control their diabetes have fewer oral health problems 
than those with poorly controlled diabetes.[103] Some clinical studies suggest that persons with controlled diabetes have the same incidence of oral disease as the general population.[67] The most common oral disease seen in persons with diabetes 
and in greater prevalence than persons without diabetes is periodontal disease.[36] [103] Many studies have shown that poor glycemic control precedes the incidence and progression of periodontitis. Recent investigations have also elicited an 
association between severe periodontitis and an increased risk of poor glycemic control.[36] [103] 

Several mechanisms have been proposed to explain the increased susceptibility of persons with diabetes to periodontal diseases, including alterations in host response, subgingival microflora, collagen metabolism, vascularity, gingival 
crevicular fluid, and heredity patterns.[103] Multiple pathophysiologic mechanisms (e.g., compromised neutrophil function; decreased phagocytosis and leukotaxis) have also been implicated in the increased alveolar bone loss found in persons 
with diabetes,[67] [103] increased tendency for more
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active carious lesions and missing teeth,[54] and increased susceptibility to oral infections and mucosal lesions.[39] Autoimmune phenomena have been suggested as the cause of the increased prevalence of oral lichen planus in persons with 
diabetes.[73] 

Diabetes predisposes an individual to sensory and peripheral neuropathies, which inhibit pain perception and may produce chemosensory deficits such as impaired taste function and decreased smell sensitivity.[82] This sensory dysfunction can 
inhibit the ability to maintain a proper diet, which leads to poor glycemic regulation. Persons with diabetes also have reported increased complaints of glossodynia and stomatopyrosis (burning mouth syndrome), as well as increased 
complaints of dry mouth (xerostomia). There is no consensus demonstrating a relationship between glycemic control and salivary gland dysfunction. However, the xerostomic complaints may be due to diabetes-associated thirst and not 
objective evidence of salivary hypofunction.

Adrenal Diseases

Oral manifestations of Addison's disease, caused by primary adrenal insufficiency or hypoadrenalism, include diffuse, cutaneous pigmentation of the skin and mucous membranes. However, this presentation is not found in persons with 
secondary adrenal insufficiency, the result of chronic corticosteroid administration.

Persons diagnosed with hyperadrenalism or Cushing's disease (caused by an adrenal disorder or long-term, high-dose administration of corticosteroids) often present with characteristic moon or round-shaped faces. Oral symptoms include an 
increased susceptibility to oral infections (such as candidiasis) and muscle weakness manifested as difficulty with speaking, eating, and swallowing.

Pituitary Diseases

The chronic hypersecretion of growth hormone in acromegaly results in significant orofacial changes from the bony and soft tissue overgrowth. Tooth separation and malocclusion can be a consequence of alveolar enlargement of the maxilla 
and mandible. Extraoral facial features include frontal bossing, nasal bone hypertrophy, mandibular prognathism, and enlargement of the paranasal sinuses. Soft tissue overgrowth can present in the oral mucosal and salivary gland tissues, 
tongue, and lips. As a result of these structural changes, speech abnormalities and myofascial pain have been reported.

Thyroid Diseases

Macroglossia is the primary oral manifestation of hypothyroidism, which is often caused by chronic autoimmune thyroiditis (Hashimoto's thyroiditis) or is secondarily acquired (e.g., induced by surgery, radiation, or medication). Infants with 
undiagnosed congenital hypothyroidism may develop macroglossia, pronounced lips, and delayed tooth eruption with subsequent malocclusion.

Hyperthyroidism, or thyrotoxicosis, is commonly caused by an autoimmune disorder, Graves' disease. Facial and skin manifestations include upper eyelid retraction with exophthalmos and hyperpigmentation and erythema of the skin. Young 
children can present with early loss of primary teeth with subsequent rapid eruption of permanent teeth. The hyperplasia of lymph tissue commonly found in Graves' disease can manifest in the tonsillar and oral pharynx region.

Parathyroid Diseases

Bone demineralization with subsequent fibrous-tissue replacement can produce well-defined cystic radiographic radiolucencies characteristic of hyperparathyroidism. Tooth mobility, loss of lamina dura, and a radiographic osteoporotic 
appearance may also be found.

Idiopathic hypoparathyroidism is an acquired autoimmune disease associated with polyendocrine glandular deficiency and with mucocutaneous candidiasis and pernicious anemia; pseudohypoparathyroidism is an inherited disorder 
characterized by end-organ unresponsiveness to parathyroid hormone effects, a moon face, and brachymetacarpalism. These signs may appear together with trophic changes of the skin and nails, dryness of the mucous membranes, angular 
cheilitis, and enamel hypoplasia caused by chronic hypocalcemia.

COLLAGEN-VASCULAR AND GRANULOMATOUS DISORDERS

Sjögren's Syndrome

Sjögren's syndrome (SS), a systemic autoimmune disorder associated with inflammation of epithelial tissues, is the most common medical disorder associated with xerostomia and salivary dysfunction. SS was recently reclassified in 2002[106] 
and occurs in primary and secondary forms. Primary SS involves salivary and lacrimal gland disorders with associated decreased production of saliva and tears. In secondary SS, the disorder occurs with other autoimmune diseases such as 
rheumatoid arthritis, systemic lupus erythematosus (SLE), scleroderma, polymyositis, and polyarteritis nodosa.[8] 

Focal, periductal, mononuclear cell infiltrates in exocrine tissues and autoantibodies (particularly anti-Ro/SSA, anti-La/SSB, and rheumatoid factor) are the hallmarks of SS. The salivary and lacrimal infiltrates consist predominantly of T 
cells (CD4+ helper cells),
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with fewer B cells, macrophages, and mast cells.[2] Clinical manifestations of the ensuing salivary hypofunction include cracked and ulcerated lips, dessicated oral mucosal tissues, fungal infections, new and recurrent dental caries, gingivitis, 
dysphagia, impaired use of removable prostheses (dentures), and difficulty speaking without the use of fluids.[4] There is a reported 44-fold increase in the frequency of B-cell lymphomas among SS patients,[48] so oral as well as neck 
examinations must be performed on these patients on a regular basis.

Treatment for SS must address all organ systems affected by the disease.[27] Dry mouth and its associated oral sequelae require constant dental evaluations to reduce the risk of developing dental caries, oral microbial infections, dysphagia, 
dysgeusia, impaired eating, and wearing removable dentures.



Systemic Lupus Erythematosus

Approximately one quarter of SLE patients have oral lesions, which usually are superficial ulcers with surrounding erythema.[76] These lesions can occur on the lips and all oral mucosal surfaces and can be indistinguishable from those of 
lichen planus or leukoplakia, therefore requiring histopathologic diagnosis. Direct and indirect immunofluorescence of these lesions shows staining of the basement membrane of the dermal-epidermal junction with immunoglobulins and 
complement, similar to what is seen in the skin lesions. Other manifestations of SLE include periodontal diseases,[65] xerostomia, and hyposalivation that can occur independent of SS or associated with secondary SS.[4] 

A recent study demonstrated that 18.5% of 275 patients with SLE had a heart murmur that may have required predental treatment antibiotic prophylaxis. [60] Accordingly, patients with SLE (particularly those with long-standing disease), 
should undergo cardiac evaluation to determine whether they are candidates for antibiotic prophylaxis for dental treatment likely to result in bacteremia and bleeding.[55] 

Scleroderma

The oral manifestations of this disease result from deposits of collagen in the tissues or as a result of collagen deposition around nerves and vessels. Difficulty opening the mouth occurs due to fibrosis of masticatory muscles, and immobility 
of the tongue and disorders in deglutition are also possible. The oral manifestations most commonly recognized are wide periodontal ligament spaces and occasional gingivitis.[97] Scleroderma can also be associated with SS and CREST 
(calcinosis cutis, Raynaud's phenomena, esophageal hypomotility, sclerodactyly, and telangiectasia) syndrome,[98] causing xerostomia.

Dermatomyositis-Polymyositis

Dermatomyositis-polymyositis is an immunologic disease of muscle that can also involve the tongue and the upper portion of the esophagus. Patients can have difficulty with phonation, chewing, and deglutition, and can also develop 
stomatitis.[35] Due to problems with swallowing, aspiration pneumonia is also a possible sequela. As part of secondary SS, patients can exhibit xerostomia and salivary hypofunction.

Sarcoidosis

Sarcoidosis, a systemic granulomatous disease, can appear with masses on the tongue, lips, mandible, and maxilla.[35] Biopsy results demonstrate characteristic noncaseating granulomas consistent with extraoral manifestations. The differential 
diagnosis includes other granulomatous diseases (e.g., infections granuloma, Wegener's granulomatosis, lethal midline granuloma), infectious granulomatous diseases (e.g., histoplasmosis, blastomycosis), or even lymphoma.

Wegener's Granulomatosis

Wegener's granulomatosis is a rare disorder that is histologically characterized by granulomatous inflammation and vasculitis. The destructive granulomatous inflammation also occurs in the oral cavity as red to purple hyperplastic gingival 
lesions with petechiae.[41] In addition, patients can have tooth mobility leading to removal of teeth and failure of oral wounds to heal. The disease may remain localized and restricted to the oral cavity for a long period before multiorgan 
involvement occurs. Oral biopsy is critically important to establish an early diagnosis and to prevent destruction caused by this progressive disease.

INFECTIOUS DISEASES

Viral Diseases

Herpes simplex virus (HSV-1) and varicella-zoster virus (VZV), the most common viral infections, can present in the orofacial region as herpes labialis or stomatitis (HSV-1) or acute, painful, oral-facial lesions (VZV).[7] Initial infection 
usually occurs in childhood; however, the dormant virus located in the sensory ganglia can be reactivated secondary to immunosuppression, trauma, stress, sunlight, gastrointestinal disturbances, and concurrent infection. After a prodrome, 
the HSV-1 fluid-filled vesicles will rupture, crust, and resolve in 1 to 2 weeks. Reactivation of childhood VZV infection appears as vesicle on skin and mucous membranes usually following a unilateral distribution of the ophthalmic, 
maxillary, or mandibular divisions of trigeminal sensory nerves. Blindness, facial paralysis, auditory deficits, and vertigo are also potential sequelae of postherpetic neuralgia. [46] 
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Oral complications and manifestations of HIV disease and AIDS are numerous due to the immunocompromised state experienced by these patients.[70] Some of the most commonly presenting oral conditions in persons with AIDS (e.g., 
candidiasis, Kaposi's sarcoma, hairy leukoplakia) can be indicative of the level of immune suppression. Other common lesions affecting persons with HIV disease and AIDS include aphthous lesions, HIV periodontal disease (linear gingival 
erythema and necrotizing ulcerative periodontitis), salivary gland disease, non-Hodgkin's lymphoma, and lymphadenopathy.[74] Coinfection with cytomegalovirus, occurring in 90% of persons HIV, can cause oral ulcerations, esophagitis, and 
retinitis. Hairy leukoplakia, a corrugated white lesion occurring on the lateral or ventral surfaces of the tongue, is caused by reactivation of Epstein-Barr virus in HIV-infected persons.

Hepatitis has oral-facial manifestations, especially during the icteric phase of the disease. Clinical findings include a yellow-brown hue to the oral mucosa, eyes, and skin.[20] Persons with chronic hepatitis C infection can develop lichen planus 
and lymphocytic sialadenitis caused by autoantibody production.[11] 

Fungal Diseases

The most frequent oral fungal infection, C. albicans, can be caused by endocrine disorders (e.g., diabetes), immunosuppression, nutritional deficiencies, medications, salivary gland hypofunction, removable dental prostheses, and poor oral 
and denture hygiene. There are many varieties of oral manifestations of candidiasis including pseudomembranous (white, easily removable patches), acute erythemic or atrophic (erythemic or erosive lesions), chronic hyperplastic/denture 
stomatitis (hyperplastic lesions usually found underneath dentures), and angular cheilitis (erythematous, cracked or fissured lesions located at commissures of lips). [75] Angular cheilitis is often caused by a loss of vertical dimension secondary 
to edentulism and drooling resulting from a stroke. [83] 

Bacterial Diseases

The oral cavity is host to numerous species of bacteria responsible for causing oral and pharyngeal infections. Porphyromonas gingivalis and Treponema denticola are often implicated in the development of periodontal disease, whereas 
Staphylococcus aureus and Streptococcus viridans are known to cause salivary gland infections. Streptococcus mutans and Lactobacillus species are the common causes of new and recurrent dental caries. Dental infection that spreads 
through the teeth into underlying bone can result in a dentoalveolar abscess. The oral and facial swelling and asymmetry that develop as the infection progresses through the alveolar bone can become life threatening (e.g., Ludwig's angina). 



M. tuberculosis infections are uncommon in healthy persons and are primarily seen in immunocompromised patients (see section titled "Pulmonary Diseases").

Sexually transmitted diseases caused by Neisseria gonorrhoeae and Treponema pallidum can also cause oral disorders.[35] N. gonorrhoeae infections are associated with submandibular lymphadenopathy, gonococcal stomatitis (ulcerations and 
erythema of mucosal tissues), and pharyngeal gonococcal infection (mild sore throat). In syphilis, the stage of the disease determines the oral manifestations. Primary syphilis causes a lip chancre, whereas secondary syphilis is associated 
with papular lesions, erythematous or grayish-white erosions, pharyngitis, lymphadenopathy, and parotid enlargement. Mucosal and skin lesions during this phase are highly infectious. Congenital syphilis causes dental abnormalities such as 
Hutchinson's incisors and mulberry molars.

ARTHRITIDES AND BONE DISORDERS

Rheumatoid Arthritis

Rheumatoid arthritis (RA) causes progressive destruction of articular and periarticular structures including the TMJ.[40] There are multiple signs and symptoms of TMJ pathology in these patients, including clicking, locking, crepitus, 
tenderness to palpation in the preauricular area, pain during mandibular movement, swelling (infrequent), and shifts in the relationship between the maxilla and mandible due to erosion of the condylar heads.[104] In addition, these progressive 
problems can cause significant pain during mastication that could affect nutrition. RA is also frequently associated with other autoimmune connective tissue diseases, such as syndromes.[4] 

The pharmacologic management of RA and other arthritic conditions can have serious adverse sequelae affecting oral health and the delivery of dental treatment.[105] Gold compounds, penicillamine, methotrexate, and other high-dose/chronic 
immunosuppressive drugs have been associated with acute stomatitis and recurrent microbial infections (e.g., oral candidiasis, recurrent HSV infections).[30] [85] Surgical replacement of hips, knees, and other degenerated joints with prostheses 
requires antibiotic prophylaxis before dental procedures for 2 years after joint replacement and for a lifetime in patients at potential increased risk for hematogenous total joint infection.[99] Other drugs used for RA such as high doses of 
nonsteroidal antiinflammatory drugs (NSAIDs), salicylates, and immunosuppressive medications can increase the risk of excessive bleeding during or after dental-alveolar surgery.[55] [105] The use of long-term immunosuppressive therapy causes
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adrenal insufficiency, and glucocorticoid supplementation is necessary before extensive dental procedures.[32] 

Management of the arthritic-associated TMJ symptoms is frequently palliative (e.g., soft diets, pain/antiinflammatory medications) but can also involve construction of hard acrylic intraoral orthotic devices, physical therapy, and TMJ 
surgery.[13] Arthritic deformities will ultimately impede mobility and dexterity that are required for daily oral hygiene and regular visits to the dental office. Daily assistance with oral hygiene may be necessary to maintain oral health.[108] 

Osteoarthritis

Most forms of osteoarthritis (OA) have fewer serious systemic complications than RA, yet many of the concerns discussed for the RA patient are relevant for this population as well.[40] [104] Patients may have greater problems performing oral 
hygiene, difficulty tolerating long dental treatments or placement in the supine position, and signs and symptoms of TMJ and related disorders. Adults with OA may have prosthetic joints and consequently require antibiotic prophylaxis 
before dental treatment.[99] Medical management with drugs (see section titled "Rheumatoid Arthritis") may necessitate appropriate precautions before dental treatment or stomatologic follow-up for adverse effects.

Reiter's Syndrome

Reiter's syndrome is a recurrent arthritic condition characterized by conjunctivitis, asymmetric lower extremity arthritis, nongonococcal urethritis, circinate balanitis, and keratoderma blennorrhagia. Oral lesions appear as papules and 
ulcerations on the buccal mucosa, gingiva, and lips. Lesions on the tongue resemble geographic tongue.

Paget's Disease

Paget's disease is an acquired disorder of excessive bone resorption with variable attempts at repair. The skull and maxilla are frequently involved. Extensive enlargement and deformation of the maxilla occurs, with spacing and mobility of 
the teeth. These clinical findings are confirmed radiographically, with the presence of multiple radiolucent-radioopaque lesions of the affected bones.

Ewing's Sarcoma

Ewing's sarcoma is a rare tumor of bone, occasionally involving the mandible. Clinical presentation may include chin and lip paresthesias, which must be diagnosed after radiographic and nuclear images and biopsy specimens are obtained. 
Differential diagnosis includes granulomatous diseases, Paget's disease, histiocytosis X, and hyperparathyroidism.

DERMATOLOGIC CONDITIONS

Lichen Planus

Lichen planus is a chronic, mucocutaneous, autoimmune disorder that can be precipitated by a number of conditions such as genetic predisposition, emotional stress, or drug, food, or dental product hypersensitivity.[102] It has a variety of 
clinical appearances: plaquelike, bullous, atrophic, reticular (lacy white lines known as Wickham's striae), and erosive (ulcerative lesions accompanied by peripheral striae). The lesions most often occur on buccal mucosa, gingiva, and 
tongue but can also be found on the lips and palate.[81] Histopathologic samples are required for diagnosis to differentiate lichen planus from other common mucocutaneous oral lesions (e.g., aphthous stomatitis, pemphigus, pemphigoid, 
lupus). The goal in the treatment of many of these autoimmune mucocutaneous oral mucosal conditions with topical and systemic immunosuppressants (most commonly, glucocorticosteroids) is to reduce oral discomfort and inflammation. 
There is some evidence to suggest that lichen planus lesions are predisposed to malignant transformation [93] ; therefore, lesions, particularly those with ulcerations, must be reevaluated on a regular basis.

Pemphigus Vulgaris

Pemphigus vulgaris is an autoimmune disease caused by antibodies created against desmoglein 3, causing a disassociation of the epithelium at the suprabasal layer with acantholysis. Clinical presentation includes bullous lesions developing 
into vesicles that rupture, resulting in painful, bleeding ulcerations. The lesions can occur on oral and ocular mucosa and skin and resolve after 2 weeks with treatment. The oral mucosa of the palate, gingiva buccal mucosa, and tongue are the 



most common locations.[95] The diagnosis can be made with the production of a positive Nikolsky's sign, whereby a new lesion develops after slight pressure is applied to the asymptomatic oral mucosa. Histopathology and direct 
immunofluoresence tests are required are well.[79] Treatment of pemphigus vulgaris with steroids and immunosuppressants is necessary to prevent secondary complications such as recurrent infections, electrolyte imbalance, and dysphagia 
caused by lesion spread into the pharynx, larynx, and esophagus. A variant of pemphigus vulgaris, paraneoplastic pemphigus, is an autoimmune blistering disease that occurs in association with underlying neoplasms and requires carefully 
monitored multidisciplinary care. [1] [3] 

Mucous Membrane Pemphigoid

Antigens located at the base of the epithelium cause subepidermal detachment and subepithelial bullae formation in the mucous membrane pemphigoid. [12] [80] 
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Similar to pemphigus, the initially presenting erythemic and vesicular oral lesions rupture, resulting in pseudomembraneous ulcerations. Intraorally, these lesions often occur on the gingival tissue, causing desquamative gingivitis and 
subsequent scarring.[61] Blindness is a complication of ocular lesions causing corneal damage and conjunctival mucosal scarring. Therefore, definitive diagnosis is critically important, with subsequent management involving a 
multidisciplinary healthcare team.

Erythema Multiforme

Erythema multiforme is an acute, recurrent, self-limiting autoimmune disease commonly causing blistering oral and skin lesions.[24] It is believed to be precipitated by a type III hypersensitivity reaction, drug allergy, or herpetic infection. 
Presentation includes acute development of vesicles with subsequent rupture causing painful ulcers of the buccal mucosa, lips, palate, and tongue. Cutaneous lesions often present as a characteristic target or bull's-eye, and lips can become 
swollen, bleeding, and crusted. With corticosteroid and antiviral therapy or drug withdrawal, complete resolution occurs after 14 days. A more severe form of the disease, known as Stevens-Johnson syndrome, is usually triggered by a drug 
rather than an infection, and involves oral as well as other cutaneous and mucosal surfaces.[64] 

GASTROINTESTINAL DISORDERS

Crohn's Disease and Ulcerative Colitis

Patients with inflammatory bowel disease, Crohn's disease, and ulcerative colitis can involve oral recurrent aphthous ulcers.[92] With ulcerative colitis, the aphthous ulcers are frequently associated with other mucous membrane involvement, 
iritis, arthritis, and erythema nodosum. Ulcerative colitis may also manifest with pyostomatitis, a progressive necrotic and inflammatory involvement of all oral mucosal tissues. In addition to oral aphthous ulcers, Crohn's disease is 
associated with nodular swellings, a cobblestone appearance of the mucosa, and deep granulomatous-appearing ulcers.

Behçet's Syndrome

Behçet's syndrome is an idiopathic condition that consists of recurrent oral and genital ulcers, arthritis, and inflammatory disease of the eyes and gastrointestinal tract. Oral ulcers appear as recurrent aphthous ulcers, which occur in the vast 
majority of patients and typically precede other sites of involvement.

Gastroesophageal Reflux Disease

Gastroesophageal reflux disease manifests in the oral cavity as mucosal and gingival erosions and inflammation thought to be caused by acid. When reflux continues for a long time, erosion of tooth enamel can occur.

Malabsorption Diseases

There are a plethora of gastrointestinal conditions that cause malabsorption of vitamins and nutrients, causing oral pathologies to occur. Gluten-sensitive enteropathy or celiac disease can manifest with recurrent aphthous ulcers. Vitamin A 
deficiency produces dyskeratotic changes of the skin and mucous membranes, angular cheilitis (fungal infection of the labial commisures), and defects in the dentin and enamel of developing teeth. Vitamin B2 (or riboflavin) deficiency is 
associated with angular cheilitis and burning pain in the lips, mouth, and tongue. Deficiencies in vitamin B12 , as well as folate, can also produce recurrent aphthous ulcers. Niacin deficiency (pellagra) can involve the tongue and other oral 
mucosal tissues by causing the tongue to become swollen and press against the dentition.

Scurvy, or vitamin C deficiency, is associated with perifollicular hemorrhages and petechiae in the mouth caused by vascular integrity compromise, gingival hyperplasia, and stomatitis. The teeth may become loose, and involved gingival 
tissues can be the source of halitosis. Vitamin D deficiency will complicate calcium metabolism because vitamin D is required for calcium absorption. Calcium deficiency can contribute to mandibular osteopenia or osteoporosis (particularly 
in edentulous mandibles), as well as enamel hypoplasia caused by chronic hypocalcemia. Vitamin K deficiency leads to a hemorrhagic diathesis that often presents with oral hemorrhagic bullae. Folate and iron deficiencies produce atrophic 
glossitis caused by the atrophy of the filiform papillae, angular cheilitis, and occasionally hyperkeratotic lesions in the oral mucosa. Zinc deficiency has been associated with taste changes, which could result in a significant change in dietary 
intake of fluids and beverages.

NEUROLOGIC DISEASES

Dementias (Alzheimer's Disease)

The progression of dementia is accompanied by a gradual inability to perform self-care, including adequate oral hygiene, because of self-neglect and a loss of cognitive and motor skills,[42] and these problems have been found to increase with 
the severity of dementia.[107] Indeed, persons with Alzheimer's disease, the most common form of dementia, have impaired oral health as a result of poor oral hygiene,[88] as well as a greater prevalence of dental plaque, gingival bleeding, and 
calculus compared with age- and sex-matched adults.[84] Submandibular salivary output
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is also impaired in persons with Alzheimer's disease who are not taking medications. [90] 

Older adults with cognitive impairment have significantly older dentures and dentures that are less clean compared with individuals without dementia. [109] Another sequelae of poor oral hygiene is a trend toward increased coronal and root 
caries, which is observed with increasing dementia severity.[88] Many of these oral disorders are the result of the pharmaceutical treatment of dementing illnesses. Medications with anticholinergic side effects, such as antidepressants, are 
frequently used for dementia and are the cause of salivary dysfunction, which is ultimately the source of multiple oral and pharyngeal disorders.[26] Importantly, as the level of dementia worsens, caregivers become critically important in 
providing daily oral hygiene, identifying stomatologic diseases, and facilitating dental treatments.[29] 

Parkinson's Disease

Increased amounts of acetylcholine present in the brain in persons with Parkinson's disease can produce esophageal dysmotility and dysphagia. The ability to form a lip seal is impaired, resulting in drooling, and ultimately leading to a fungal 
infection of the lip commissures (referred to as angular cheilitis). Anticholinergic medications commonly used to help Parkinsonian symptoms (e.g., levodopa, selegiline) cause salivary dysfunction and xerostomia. An adverse effect of long-
term levodopa therapy is tardive dyskinesia, which is characterized by involuntary orofacial movements including lip smacking, grimacing, and tongue flittering.[15] Loss of facial expression, difficulty with mastication, slow speech, and 
tremors of the head, lips, and tongue are commonly found symptoms that increase with the severity of the disease.[87] 

Myasthenia Gravis

Myasthenia gravis, an autoimmune disorder caused by loss or dysfunction of acetylcholine receptors, results in episodic muscle weakness. Orofacial symptoms include dysphagia with subsequent choking, nasal regurgitation, and alteration in 
voice.

Bell's Palsy

Unilateral facial paralysis, known as Bell's palsy, occurs due to a defect of cranial nerve VII. Facial appearance is distorted due to the lack of control of the muscles of facial expression. Functional ability of the lips and cheek is lost on the 
affected side; this can produce decreased natural cleansing and unilateral dental decay if appropriate oral hygiene is not maintained.

Multiple Sclerosis

The loss of muscle coordination resulting from the demyelination of long nerves in multiple sclerosis can severely impair oral care. Weakness of the tongue and loss of upper extremity use impairs dental and denture hygiene, as does wearing 
dental prostheses. Trigeminal neuralgia is common in these patients; it is characterized by excruciating unilateral pain of the lips, gingiva, or chin that can be triggered by contact with certain areas of the face, lips, or tongue.

Myotonic Muscular Dystrophy

The muscular weakness and subsequent wasting of myotonic muscular dystrophy severely compromise oral function and health. The inability to relax muscles after contraction results in difficulty chewing, pursing the lips, and turning the 
head. Facial muscle involvement inhibits the ability to wear dentures. Medications used to treat myotonic muscular dystrophy (quinine) are known to cause xerostomia and oral mucosal edema. Flared anterior teeth and mouth breathing are 
commonly seen due to weakness of the facial muscles and the enlargement of the tongue caused by fatty deposits.

RENAL DISEASES

Renal insufficiency or renal failure ultimately require peritoneal or hemodialysis. These patients are susceptible to numerous oral diseases, including salivary hypofunction, impaired wound healing, recurrent oral mucosal infections, dental 
caries, gingivitis, and periodontitis.[5] [62] These problems, particularly those associated with microbial infections, are enhanced in patients taking long-term corticosteroids and other immunosuppressants. Uremic stomatitis is a condition unique 
to patients receiving dialysis that typically presents as an erythemic thickening of the buccal mucosa with a pseudomembranous covering, ulcerative lesions, gingival and mucosal hemorrhage, and ecchymoses.[18] Appearance of these lesions 
often corresponds to an acute increase in blood urea nitrogen levels, and they heal spontaneously after resolution of the uremic state.[18] 

Bleeding from oral mucosal surfaces is also due to altered platelet aggregation and decreased platelet factor III, and hemodialysis patients experience increased bleeding due to platelet destruction. The oral manifestations of bleeding 
problems are petechiae and ecchymoses.

Bony changes commonly observed in renal failure include loss of lamina dura, demineralized bone, localized radiolucent jaw lesions (central giant cell granulomas with subsequent tooth displacement), and widened trabeculations. [18] These 
lytic bone lesions are the result of hyperparathyroidism. Smell and taste changes have been observed in patients with renal failure, and there is some evidence that chemosensory function improves after dialysis and
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renal transplantation.[19] Since heparin is administered during dialysis to prevent blood coagulation, dental procedures should be performed on alternate days of dialysis, and precautions should be taken to avoid excessive hemorrhage. 
Evaluation and management of potential anemic or hypertensive conditions are required when dental treatment is provided.

Renal transplantation is a treatment option for patients with severe renal failure. After transplantation, patients are administered long-term immunosuppressants that have multiple oral sequelae (e.g., cyclosporine-induced gingival 
hyperplasia, steroid-induced oral fungal infections). Renal transplant recipients have been reported to have a greater prevalence of oral lesions such as candidiasis, leukoplakia, dysplasia, and cancer of the lip.[49] [50] These patients require 
pretransplantation oral evaluations and treatment, and close follow-up after transplantation to help maintain oral health and function and to diminish the likelihood of developing oral infections causing systemic problems in an 
immunosuppressed person.

Peritoneal dialysis presents no additional problems in dental management, yet patients receiving hemodialysis are potentially at risk for developing infective endocarditis.[55] Approximately 10% to 17% of infective endocarditis cases in 
patients receiving hemodialysis are caused by organisms that can arise from the oral cavity (e.g., S. viridans, Lactobacillus species).[77] Therefore, it has been suggested that prophylactic antibiotics are prudent for hemodialysis patients with 



arteriovenous shunts/grafts when invasive dental procedures are performed. [55] 

CHRONIC LIVER DISEASES AND CIRRHOSIS

Poor oral hygiene and neglect resulting in dental caries, and periodontal diseases are frequent oral disorders in patients with chronic alcoholism. [55] However, even moderate consumption of alcohol has been reported to increase the risk of 
developing periodontal disease, perhaps due to alcohol's deleterious effect on neutrophil, macrophage, and T-cell function. [72] Nutritional disorders due to alcoholism and oral diseases can produce glossitis and loss of tongue papillae, as well 
as recurrent oral fungal infections of the oral mucosal surfaces and the labial commissures (angular cheilitis). Excessive alcohol intake and tobacco use are major risk factors for oral cancer (see section titled "Malignant Neoplasms"). 
Accordingly, oral examinations in these alcoholic patients must include scrutiny of high-risk sites such as the anterior floor of the mouth, the lateral border of the tongue, and the posterior oral-pharynx.[91] 

Oral microbial infections and impaired wound healing are the most common oral complications of patients with cirrhosis, resulting from alcohol-induced immunosuppression.[31] Susceptibility to oral infections increases when patients require 
liver transplants and the requisite postoperative immunosuppressive regimens. These patients must receive close monitoring from their dentists to reduce their risk of developing stomatologic diseases. Diminished smell and taste function that 
can inhibit nutritional intake and parotid gland hypertrophy leading to reversible salivary gland dysfunction have been reported in patients with liver cirrhosis.

Coagulation disorders are a concern for patients with liver dysfunction, and accordingly persons are at risk for developing hemorrhage after undergoing oral surgical procedures. Mucosal petechiae and ecchymoses and spontaneous gingival 
bleeding can also result from coagulation abnormalities.[69] Presurgical coagulation tests are required before gingival, periodontal, and alveolar bone surgery, and special steps may be required to ensure adequate formation of a blood clot.[69] 

HEMATOLOGIC DISORDERS

Bleeding Disorders

Anticoagulation therapy for stroke and atrial thrombosis prevention predisposes patients to bleeding disorders. Antithrombotic medications (heparin, coumadin) and antiplatelet drugs (aspirin, NSAIDs) can cause hemorrhagic oral mucosal 
lesions such as petechiae, ecchymoses, and purpura.[69] 

Bleeding problems can also result from congenital platelet disorders and coagulopathies. Von Willebrand's disease, the most common hereditary bleeding disorder, is caused by the deficiency of secondary factor VIII (vWF), resulting in poor 
platelet adhesion. In mild cases, normal bleeding occurs after surgery or trauma; however, in more severe disease, spontaneous oral mucosal bleeding can occur, resembling hemophilia A disorder. Hemophilia A, a congenital coagulation 
disease, is caused by a deficiency or defect in factor VIII. The frequency and severity of bleeding problems in hemophilia A is directly associated with the blood levels of factor VIII. In severe cases, spontaneous and excessive bleeding in the 
oral cavity, lips, and joints can be initiated readily. The immunodeficiency produced in the X-linked recessive inherited disease, Wiskott-Aldrich syndrome, can result in recurrent infections, eczema, and chronic thrombocytopenia (with 
manifestations of hemorrhage and purpura of the skin and oral mucosa).

A decreased number of platelets due to deficiency, destruction, or consumption results in thrombocytopenic purpura. Primary idiopathic thrombocytopenia is thought to be an autoimmune process, whereas secondary thrombocytopenia can 
be caused by medications or systemic diseases such as leukemia. Oral
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manifestations include petechiae and hemorrhagic bullae of the oral mucosa.

White Blood Cell Disorders

Leukemias and their treatments have a profound effect on the oral cavity. Oral mucosal changes, such as bleeding and ulceration, petechiae, and gingival hyperplasia may be the initial sign of leukemia.[110] Due to their immunocompromised 
state, patients are at risk for development of bacterial, fungal, and viral infections. Chemotherapy can cause mucositis and mucosal ulcerations. [51] Poor oral hygiene results in gingival inflammation and bleeding, mucosal ulcerations, and 
periodontal disease; however, these oral sequelae can be reduced by adequate oral hygiene, frequent dental visits for cleanings, and antimicrobial therapy. Graft-vs-host disease, the reaction of host antigen against donor cells, is a common 
occurrence after bone marrow transplant. Oral sequelae include mucosal ulcerations, mucositis, xerostomia, and dysphagia.[16] 

The acute reduction in leukocytes produced in agranulocytosis can be precipitated by chemotherapeutic agents or immunologic diseases. Oral manifestations include necrotic and ulcerative lesions of the mucosa, pharynx, and skin. Recurrent 
bacterial infections, oral ulcerations, and periodontal disease are common oral manifestations of Chédiak-Higashi syndrome. Persons with this hereditary disease of the lysosomal membrane of granulocytes also often develop non-Hodgkin's 
lymphoma.

Oral manifestations of persons with anemia are associated with the cause of the reduction in the oxygen-carrying capacity of the blood. Pale oral mucosa, loss of tongue papillae (with associated soreness), and angular cheilitis are 
characteristic of vitamin B12 - and iron-deficiency anemia.[55] Severe iron-deficiency anemia can progress to Plummer-Vinson syndrome, resulting in oral soreness, dysphagia, and an increased risk for oral and pharyngeal carcinoma. The 
tissues of persons with sickle cell anemia may appear jaundiced, whereas radiographic bone findings include osteoporosis and trabecular changes. Delayed eruption and dental hypoplasia can also be found.

Hemoglobin Problems

Thalassemia is an inherited disorder of hemoglobin production causing chronic anemia and bone marrow overexpansion. Oral manifestations of this bony over-growth can include a prominent maxilla with associated malocclusion, 
rarefaction of the alveolar bone, cranial nerve palsies, and tooth discoloration due to high iron deposition.[35] 

Porphyrias are disorders caused by defective metabolic assembly of the heme portion of the hemoglobin molecule. Reddish discoloration of the teeth (erythrodontia) can be found in congenital porphyria due to the deposition of porphyrin in 
the dentition.

WOMEN'S ORAL HEALTH AND DISEASE



Many of the oral manifestations that are unique or typically found in women are thought to be precipitated or exacerbated by hormonal changes. These hormonal modulations throughout a woman's life span result in varying oral lesions that 
are often particular to a specific life stage (e.g., puberty, menses, pregnancy, menopause).

Puberty

Intraoral microfloral changes and increased inflammatory and hyperplastic gingival reactions to food debris and plaque have been reported to develop during puberty.[100] Eating disorders may initially be identified during this developmental 
stage from oral findings. Self-induced vomiting and chronic regurgitation of gastric contents observed in bulimia nervosa and anorexia nervosa can cause erosion of the lingual enamel of the teeth, most commonly in the maxillary anterior 
region. Other oral manifestations of these disorders include traumatized oral and pharyngeal mucosal tissue, angular cheilitis, dehydration, and parotid gland enlargement.[100] 

Menses

Some oral changes are only associated with particular times within the menstrual cycle. These symptoms include swollen and erythematous gingival tissues, development of aphthous ulcers, activation of herpes labialis, prolonged 
hemorrhage following oral surgery, and swollen salivary glands.[100] Intake of oral contraceptives can cause oral changes such as gingival inflammation, intraoral microbial alterations, and increased risk for osteitis after third molar extraction.

Pregnancy

Pregnancy gingivitis, which is characterized by erythematous gingival and interproximal tissues, is the most common periodontal condition developing in approximately two thirds of all pregnancies. These symptoms usually appear during 
the first trimester and continue throughout the pregnancy. Inflammatory gingival hyperplasia, which is initiated by an increased reaction to local irritants, can develop into a mucosal condition known as a pyogenic granuloma (also called 
pregnancy tumor, epulis gravidarum, or pregnancy granuloma). It occurs in fewer than 10% of pregnancies, but can be found as a single tumor-like growth on interproximal tissues in the maxillary anterior region. Surgical excision is usually 
required for complete resolution.
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Maternal periodontal disease has been identified as a possible risk factor for preeclampsia, preterm birth, and growth restriction.[9] [66] However, the impact of periodontal therapy before and during pregnancy on risk reduction is not known.

Menopause and Postmenopause

Menopause has been associated with oral complaints (e.g., stomatodynia, stomatopyrosis or burning mouth syndrome, xerostomia), but the etiopathogenesis has not been clearly elucidated.[100] Burning mouth syndrome requires an extensive 
evaluation to rule out oral microbial, salivary, dental-alveolar diseases, nutritional deficiencies, and metabolic disorders before treatment with low-dose antidepressants is recommended.[37] [89] Peri- and postmenopausal oral mucosal changes 
include menopausal gingivostomatitis, which is characterized as pale, dry, shiny, and easily bleeding gingival tissues. Some studies have demonstrated a relationship between residual ridge resorption and osteoporosis. However, it is 
unknown whether systemic bone loss affects the severity of periodontal disease or contributes to alveolar bone resorption and subsequent tooth loss. There is some evidence that hormone replacement and bisphosphonate therapy can 
contribute to decreased alveolar bone and tooth loss, but further clinical trials are required.[44] 

INHERITED AND CONGENITAL DISORDERS

There are numerous congenital malformations that have head, neck, and oral manifestations. Only the most common are discussed in this review; the reader is referred to specialized textbooks for details on all disorders.[23] [33] [34] [35] [64] 

There are several disorders that affect dentition,[86] one of the most common being stained or mottled teeth due to ingestion of tetracycline or excessive fluoride during permanent tooth development. Congenital syphilis is associated with 
abnormalities on the incisors (notched edges; Hutchinson's teeth) and molars (dome-shaped or mulberry molars). In osteogenesis imperfecta (brittle bone disease), alveolar bone and dentin are affected. Teeth are opalescent and mobile, and 
pathologic bony fractures can occur in the facial bones as well. Dentinogenesis imperfecta manifests itself in a defective junction between enamel and dentin, resulting in teeth highly susceptible to fracture and dental caries. Malformed and 
supernumerary teeth are found in other skeletal system diseases, such as cleidocranial dysostosis.

Abnormalities in the palate are evident in Turner's syndrome (a high palatal vault), Marfan's syndrome (high-arched soft palate as well as dental crowding), and the relatively more common cleft lip and palate disorders (see Chapter 176 , 
"Cleft Lip and Palate" in Volume 4). Oral-facial-digital syndrome, or orodigitofacial dysostosis, is characterized by a short upper lip, hypertrophy of the frenula of the lips and tongue, and clefts of the hard and soft palates. Macroglossia and 
a cleft or high-arched palate may be observed in Down's syndrome (trisomy 21) with a hypoplastic maxilla, as well as hypodontia or anodontia. These patients are more susceptible to early necrotizing gingivostomatitis and periodontitis.

Unusual oral mucosal pigmentations are the result of many disorders. Mucous membranes may sho multiple angiomas and port-wine staining of the facial skin and oral mucosa in a unilateral trigeminal distribution in Sturge-Weber syndrome 
(encephalofacial angiomatosis). Telangiectasias of lip and oral mucosa surfaces appear during childhood and increase with age in several diseases: Rendu-Osler-Weber syndrome, hereditary hemorrhagic telangiectasia, and Fabry's disease 
(angiokeratoma corporis diffusum universale) have telangiectasias of the tongue, oral cavity, and nasal mucosa, which become apparent at puberty and increase as the patient ages. Melanosis of the gingiva can occur as a normal variant in the 
black population but also occurs in hemochromatosis, an autosomal dominant disorder of increased iron absorption from the gastrointestinal tract. Albright's disease (polyostotic fibrous dysplasia) demonstrates melanosis of the gingival 
tissues, café-au-lait spots on facial skin ("coast of Maine spots"), and migration and mobility of teeth caused by jaw involvement with the fibrous dysplasia. Melanosis of the perioral skin and gingival tissues is also present in Peutz-Jeghers 
syndrome. Tangier disease, a disorder of lipoprotein metabolism, is associated with pathognomonic xanthomas that appear as yellow tonsils or yellowish-white to gray spots in the soft palate.

Fibromas of the maxilla, mandible, or tongue have been connected with at least five systemic syndromes: (1) Congenital von Recklinghausen's disease is an autosomal dominant disease with multiple neurofibromas of the skin and bone, café-
au-lait spots on the skin, and oral melanosis. (2) Multiple endocrine adenomatosis type III is associated with neurofibromas of the tongue and lips. (3) Cowden's disease is dominantly inherited and is characterized by warty papules on the 
face, arms, and mucous membrane of the mouth. (4) Tuberous sclerosis, a neurocutaneous syndrome, also has café-au-lait spots and intraoral fibromas. (5) Melkersson-Rosenthal syndrome is a developmental abnormality with unilateral 
facial paralysis, edema of the periorbital skin, and a fissured tongue with papillary projections which reveal fibromas at biopsy.

Several congenital disorders develop bony lesions of the maxilla and mandible. Histiocytosis X, Letterer-Siwe disease, Langerhans' cell eosinophilic granuloma,
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and Hand-Schüller-Christian disease all are associated with infiltrative-destructive lesions of the bone casued by overgrowth with histiocytes and may appear as a gingival epulis, loose teeth, or mucosal erosions. Gaucher's disease is 
characterized by a reduction in normal cerebroside breakdown with resultant accumulation of lipid-laden histiocytes; this results in radiolucent lesions in the jaw. Osteopetrosis has mandibular and maxillary hyperostosis, similar to that seen 
in Paget's disease, fibrous dysplasia, histiocytosis X, and acromegaly.
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Chapter 66 - ODONTOGENESIS AND ODONTOGENIC CYSTS AND TUMORS

Peter E. Larsen 

INTRODUCTION

Cysts and tumors derived from the odontogenic tissues constitute an unusually diverse group of lesions. This diversity reflects the complex development of the dental structures, because these lesions all originate through some alteration from 
the normal pattern of odontogenesis. Some lesions included in this category may, in fact, not represent neoplasia at all but are only minor alterations in the normal process of tooth development. Lesions such as cysts also are tumors only in 
the broadest sense of the word and do not represent true neoplasms.



The purpose of this chapter is to review the process of odontogenesis with emphasis on the potential origin of cells that produce the most common odontogenic cysts and tumors. Diagnostic modalities will be discussed with emphasis on the 
practical approach to development of a differential diagnosis. Common odontogenic cysts and tumors will be presented and treatment approaches to various odontogenic cysts and tumors outlined.

ODONTOGENESIS[18] [27] 

The primitive oral cavity, also called the stomodeum, is lined with ectoderm. At its deepest portion it contacts the blind superior aspect of the foregut, which is lined with endoderm. The union of these ectodermal and endodermal layers is 
called the buccopharyngeal membrane. At approximately the twenty-seventh day of development, this membrane ruptures, and the stomodeum becomes connected with the foregut. The primitive oral cavity is therefore an ectodermal-lined 
structure beneath which lies the ectomesenchyme. The mesenchyme of the head is termed ectomesenchyme because of its ectodermal origin from neural crest cells. This is distinct from the mesenchyme of the rest of the body, which is of 
mesodermal origin.

Each tooth develops from a tooth bud that forms from the lining of the oral cavity. The tooth bud consists of three separate parts: (1) the enamel organ, which is derived from the oral ectoderm; (2) the dental papilla, which is derived from the 
ectomesenchyme; and (3) the dental sac, which also is derived from the ectomesenchyme. The portion of the developing tooth known as the enamel organ produces tooth enamel, whereas the dental papilla produces the tooth pulp and dentin; 
the dental sac is the precursor of the cementum and periodontal ligament. Tooth development has been broken down into stages primarily on the basis of morphologic changes of the tooth bud. These stages include: (1) the dental lamina 
stage; (2) the bud stage; (3) the cap stage; and (4) the bell stage.

Dental Lamina and Bud Stage

Approximately 2 or 3 weeks after the rupture of the buccopharyngeal membrane, when the embryo is about 6 weeks old, the first sign of tooth development is seen. Along the oral ectoderm a ridge of basal cells begin proliferation at a more 
rapid rate than those cells adjacent to them. This leads to formation of a band of epithelium that runs along the crest of what will be the future dental arches. This band of proliferating epithelium is called the dental lamina.

At certain points along the dental lamina, each representing a location of the 10 mandibular and 10 maxillary deciduous teeth, an even more rapid cellular proliferation is seen. This further epithelial downgrowth and proliferation forms 
invaginations into the underlying ectomesenchymal tissue. These invaginations or buds represent the beginning of tooth development ( Figure 66-1 ).

Cap Stage (Proliferation)

As cellular proliferation continues, unequal growth occurs at various parts of the bud. A shallow depression occurs on the deep surface of the bud. Concomitant to this morphologic change in the developing bud, histologic differentiation 
occurs within the
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Figure 66-1 Photomicrograph of a coronal section showing the bud stage of tooth development. A, Epithelial downgrowth along the dental lamina in the upper and lower jaws. B, A magnified view of the bud stage of development. 

 

Figure 66-2 Photomicrograph of a longitudinal section through a developing tooth showing the cap stage (proliferation) of development: OEE, outer enamel epithelium; IEE, inner enamel epithelium; SR, stellate reticulum; DP, dental 
papilla; DS, dental sac. 



 

Figure 66-3 A, Photomicrograph of a longitudinal section through a developing tooth showing the bell stage (histodifferentiation and morphodifferentiation) of development. The inner enamel epithelium has differentiated into columnar cells 
with polarized nuclei that will become ameloblasts (a), and the ectomesenchymal cells within the dental papilla immediately adjacent to these developing ameloblasts are forming cuboidal cells that will become the odontoblasts (o). IEE, 
inner enamel epithelium; OEE, outer enamel epithelium; DP, dental papilla; DS, dental sac. B, A magnified view of the developing ameloblasts and odontoblasts. 

 

Figure 66-4 Photomicrograph of a coronal section of developing permanent tooth lingual to the deciduous tooth (arrow). 

 

Figure 66-5 A, Photomicrograph of a longitudinal section through a developing tooth during apposition of dentin and enamel. Apposition begins at the incisal tip and proceeds apically. B, Magnification of the area outlined showing the 
relationship of the ameloblasts (a), enamel (e), dentin (d), and odontoblasts (o). 



 

Figure 66-6 Photomicrograph of a developing tooth. The outer enamel epithelium and inner enamel epithelium fuse and form the root sheath (RS), which will determine the shape of the developing root. IEE, inner enamel epithelium; OEE, 
outer enamel epithelium; DP, dental papilla. 

 

Figure 66-7 Photomicrograph of a section along the root of a developed tooth. Note the relationship between the dentin (d) and cementum (c) forming the root and the adjacent periodontal ligament (PDL) and alveolar bone. Note the 
epithelial rests of Malassez within the periodontal ligament. 

 

Figure 66-8 Illustration showing the potential sources of odontogenic epithelium responsible for the formation of odontogenic cysts and tumors. Included are the rests of Serres, the rests of Malassez, and the reduced enamel epithelium. 



 

Figure 66-9 Radiograph of an unerupted permanent tooth with increased space between the crown and reduced enamel epithelium that may be indicative of early cyst formation. 

 
 

Box 66-1. CLASSIFICATION OF JAW CYSTS

A.  Developmental
1.  Odontongenic

a.  Follicular cyst
b.  Odontogenic keratocyst
c.  Eruption cyst
d.  Alveolar cyst of infants
e.  Gingival cyst of adults
f.  Developmental lateral periodontal cyst

2.  Nonodontogenic
a.  Nasopalatine duct cust
b.  Midpalatal cyst of infants
c.  Nasolabial cyst
d.  Globulomaxillary cyst, median mandibular cyst, and median alveolar cyst * 

B.  Inflammatory
a.  Radicular cyst

1.  Periapical cyst
2.  Inflammatory lateral periodontal cyst

C.  Nonepithelial † 

a.  Idiopathic bone cavity (traumatic, solitary, hemorrhagic bone cyst)
b.  Aneurysmal bone cyst
c.  Stafne's mandibular lingual cortical defect

*These cysts were previously regarded as developmental nonodontogenic cysts. This is no longer believed to be true, and this category is no longer used; it is of historical interest only. 
†These lesions are often classified as cysts but do not have a distinct epithelial lining. 

 
 
Radiologic Examination

Radiographic appearance of various odontogenic cysts and tumors varies considerably from lesion to lesion, with certain lesions having almost a pathognomonic appearance, whereas the only consistent thing about the appearance of other 



lesions is the total lack of any consistent radiographic presentation. The common lack of physical findings and the development of most of these lesions within the confines of bone make the radiologic investigation and interpretation 
uniquely important. The radiographic appearance of various lesions will be discussed more completely as each individual lesion is described. There are some general principles that can be applied to the radiographic diagnosis of cysts and 
tumors of the jaws. This section will address these principles.

For a radiograph to provide useful information, it must be of good quality. Artifacts caused by inappropriate placement of film labels, patient jewelry, movement, or poor technique can mask the presence of a lesion.

Radiographs also are important in treatment planning for surgical removal of odontogenic lesions. Encroachment on vital structures, extent into soft tissue, size of the lesion, and requirements for reconstruction can all be evaluated. This will 
be more completely discussed in the section on treatment of cysts and tumors.

 
 

Box 66-2. CLASSIFICATION OF ODONTOGENIC TUMORS

A.  Benign epithelial odontogenic tumors
1.  Tumors producing minimal inductive change in the connective tissue

a.  Ameloblastoma
b.  Calcifying epithelial odontogenic tumor (Pindborg tumor)
c.  Odontogenic adenomatoid tumor (adenoameloblastoma, adenomatoidodontogenic tumor)
d.  Calcifying odontogenic cyst (Gorlin's cyst)

2.  Tumors producing extensive inductive change in the connective tissue
a.  Ameloblastic fibroma
b.  Ameloblastic fibroodontoma
c.  Ameloblastic odontoma (odontoameloblastoma)
d.  Odontoma

1.  Compound-composite odontoma
2.  Complex odontoma

B.  Mesenchymal odontogenic tumors
1.  Odontogenic fibroma
2.  Odontogenic myxoma
3.  Cementoma

a.  Periapical cemental dysplasia
b.  Cementifying fibroma
c.  Benign cementoblastoma

4.  Dentinoma
C.  Tumors of unknown origin

1.  Melanotic neuroectodermal tumor of infancy
D.  Malignant odontogenic tumors

1.  Primary intraosseous carcinoma
2.  Ameloblastic fibrosarcoma
3.  Ameloblastic dentinosarcoma
4.  Ameloblastic odontosarcoma

 
 
Various radiographic modalities are available for use in evaluating cysts and tumors of the jaws. Many lesions are detected on routine intraoral radiographs taken for screening purposes or for evaluation of other dental disease such as caries. 
Because intraoral radiographs such as the periapical or bite-wing radiograph are most often used, this screening may be the first opportunity to evaluate an asymptomatic lesion. Intraoral radiographs have the advantage of providing excellent 
detail, because the film-to-object distance is small, and the film is placed intraorally immediately adjacent to the involved bone. This eliminates the overlying osseous structures often seen in routine extraoral head and neck radiographs. The 
major disadvantage is
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Figure 66-10 An odontoma has formed leading to delayed eruption of the permanent tooth (p) and retention of the deciduous tooth (d). 



 

Figure 66-11 An odontogenic tumor has caused clinically evident convergence of the crowns of adjacent teeth; the radiograph shows the resulting root of divergence. 

 

Figure 66-12 Clinical photograph of buccal expansion resulting from growth of an odontogenic tumor in the body of the mandible (arrows). 

 

Figure 66-13 Clinical expansion is difficult to detect in the ramus and angle region, allowing large lesions to develop before detection. This radiograph shows a large odontogenic cyst in the ramus of the mandible that was not associated 
with any facial swelling (arrows). 

 

Figure 66-14 A, A subtle change on this intraoral dental film (arrows) led to the diagnosis of B, this large ameloblastoma. 



 

Figure 66-15 Occlusal films are the only good method of evaluating lesions of the hard palate because of the bony overlap seen with other techniques. This is a nasopalatine duct cyst. 

 

Figure 66-16 A, Panoramic radiograph that appears essentially normal despite the large osseous lesion in the body of the mandible, which is shown on the lateral oblique film (B). This is caused when the object of importance is outside the 
focal trough. 

 



Figure 66-17 A, The large cystic lesion in the right mandibular ramus is shown on this panoramic radiograph (arrows). B, Computed tomography allows visualization of the perforation of the lateral cortex by the lesion (arrow). 

 

Figure 66-18 Typical radiographic appearance of a benign lesion with blunting of tooth roots, displacement of teeth, a sclerotic, well-circumscribed border, and displacement of the inferior alveolar nerve. 

 

Figure 66-19 Typical radiographic appearance of an aggressive lesion that has resorbed bone around teeth without displacement, has an ill-defined margin, and has no sclerotic border. 

 
 

Box 66-3. RADIOGRAPHIC PRESENTATION

I.  Radiolucent lesion of the jaws
A.  Lesions at the apex of the tooth

1.  Dental granuloma
2.  Periapical cyst (inflammatory)
3.  Residual cyst
4.  Periapical (dental) abscess
5.  Cementoma (first stage)
6.  Odontogenic keratocyst

B.  Lesions in the midline of the maxilla
1.  Median palatine cyst
2.  Nasopalatine duct cyst (incisive canal)

C.  Lesion around the crown of an impacted tooth
1.  Follicular cyst
2.  Ameloblastoma
3.  Ameloblastic fibroma
4.  Odontogenic adenomatoid tumor



5.  Odontogenic myxoma
6.  Odontogenic keratocyst

D.  Soap-bubble-like radiolucencies
1.  Multilocular cyst
2.  Aneurysmal bone cyst
3.  Ameloblastoma
4.  Odontogenic myxoma
5.  Central giant-cell granuloma
6.  Odontogenic keratocyst

E.  Lesions that destroy the cortical plate
1.  Metastatic tumor
2.  Primary malignant tumor
3.  Osteomyelitis

F.  Miscellaneous radiolucent lesions
1.  Lateral periodontal cyst
2.  Idiopathic bone marrow cavity
3.  Hematopoietic marrow
4.  Gingival cyst
5.  Hemangioma (central)
6.  Osteoporosis
7.  Stafne's bone cavity

II.  Radiopaque lesions of the jaws
1.  Cementoma (third stage)
2.  Compound or complex odontoma
3.  Ossifying fibroma
4.  Osteoma
5.  Torus
6.  Root fragment or foreign body
7.  Focal sclerosing osteomyelitis
8.  Osteogenic sarcoma
9.  Chondrosarcoma

10.  Metastatic tumor
11.  Paget's disease

III.  Mixed radiolucent/radiopaque lesions of the jaws
1.  Cementoma (second stage)
2.  Cystic odontoma
3.  Ossifying fibroma
4.  Adenomatoid odontogenic tumor
5.  Calcifying epithelial odontogenic tumor (Pindborg)
6.  Calcifying odontogenic cyst (Gorlin)
7.  Ameloblastic fibroodontoma
8.  Ameloblastic odontoma
9.  Osteogenic sarcoma

10.  Chondrosarcoma

 
 
For the purpose of discussion and to simplify development of a differential diagnosis, this section will present a brief overview of each common cyst, its clinical and radiographic presentation, and recommended treatment. Because the 
histopathology of jaw cysts is confusing and the terminology is not always used consistently by general pathologists, these lesions are frequently misdiagnosed or incorrectly named, which can lead to improper treatment. Lesions that are 
frequently misdiagnosed will have special mention with regard to histopathology.

Lesions will be categorized according to the classification outlined previously. The more common inflammatory cysts will be described first, followed by the developmental odontogenic and nonodontogenic cysts, and last, the nonepithelial 
cysts.

Inflammatory Cysts

Inflammatory cysts make up 85% of the cysts found in the jaws. [11] This high frequency is the result of the prevalence of dental disease, which frequently initiates the process. Inflammatory cysts result after bacterial invasion of the dental 
pulp leads to a chronic low-grade infection that results in a periapical granuloma around the root of the tooth. The normally quiescent epithelial cell rests of Malassez, which are within the periodontal ligament, are activated and proliferate to 



surround the granuloma, leading to cyst formation. These cysts then grow by mechanisms that are not clearly defined to produce the inflammatory cyst associated with the root of the involved tooth, hence appropriately named radicular cyst. 
When the cyst is associated with the apex of the tooth root, it is called a periapical cysts; when it is along the side of the root, it is called a lateral periodontal cyst.

Periapical Cyst

The periapical cyst is well recognized as the cystic lesion most likely encountered.

Clinical features.

Most of these lesions are asymptomatic. The associated tooth is nonvital and may have
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evidence of the source of the initial offending infection such as large unrestored decay, a large filling, or a history of pain in the tooth in the past.

Radiographic features.

The radiographic presentation is fairly consistent. It is usually a radiolucent area of variable size attached to the root apex. The radiolucency is usually rounded or oval and surrounded by a radiopaque sclerotic bony periphery ( Figure 66-20 ).

Histology.

The cyst is lined by stratified squamous epithelium. Pseudostratified ciliated columnar epithelium also may be seen in lesions occurring near the maxillary sinus. The thickness of the lining usually varies, and it seldom exhibits keratin 
formation.

Treatment.

Treatment requires only that the source of infection be treated. This involves endodontic therapy (root canal) of the tooth to remove the necrotic pulpal tissue or extraction of the tooth. The lesion will generally resolve after this but should be 
followed radiographically and enucleated if it enlarges or fails to resolve.

Lateral Inflammatory Periodontal Cyst

The lateral inflammatory periodontal cyst is less common than the periapical cyst. When the radicular cyst forms around an opening between the pulp and the periodontal ligament that is along the lateral aspect of the tooth instead of at the 
apex, a lateral inflammatory periodontal cyst is produced.

Clinical features.

These lesions are clinically asymptomatic except for the associated nonvital tooth.

Radiographic features.

These lesions usually are small, well-circumscribed radiolucencies associated 

 
Figure 66-20 Radiographic appearance of an inflammatory periapical cyst that is secondary to decay with failed root canal therapy in the associated tooth. 

 

Figure 66-21 Radiograph of a follicular cyst associated with an impacted third molar tooth. The lesion is large and has caused significant displacement of the associated tooth. 



 

Figure 66-22 Photomicrograph of the lining of a follicular cyst. Note the difference between this appearance and that of the odontogenic keratocyst (see Figure 66-23 ). 

 

Figure 66-23 Photomicrograph of an odontogenic keratocyst. Note the uniformly thin epithelial layer 6 to 8 cells thick with a corrugated surface layer of parakeratin. The basal cells are prominent and cuboidal, and the underlying connective 
tissue is thin. 

 

Figure 66-24 Clinical presentation of an eruption cyst. This lesion may be confused with lesions that need biopsy or surgical removal. Treatment is observation. 

 

Figure 66-25 Radiograph of an idiopathic bone cavity. This is not a true cyst. It differs in appearance from most odontogenic cysts in that it grows around and between the roots of associated teeth, giving it a scalloped appearance. 

 

Figure 66-26 A, Radiograph of a Stafne's mandibular lingual cortical defect. This lesion appears like a cyst on radiograph. It is primarily found below the inferior alveolar nerve in the angle region of the mandible. B, The lesion is not a true 
cyst and is actually a defect in the cortex along the lingual aspect of the mandible. 



 

Figure 66-27 Photomicrograph of an aneurysmal bone cyst. It is not a true cyst, because there is no epithelial lining. The lesion is made of a fibrous connective tissue stroma with multiple cavernous sinusoidal spaces filled with blood. There 
are frequent multinucleated giant cells within the stroma. 

 

Figure 66-28 Radiograph of a central ameloblastoma displaying multilocularity. Ameloblastomas may have either a unilocular or multilocular appearance. 

 

Figure 66-29 Photomicrograph of a follicular ameloblastoma. Note the epithelial nests and islands and polarized nuclei. 

 

Figure 66-30 Photomicrograph of a plexiform ameloblastoma. Histologic examination of this lesion reveals epithelial trabeculae in an interlacing pattern and nuclear polarization. 



 

Figure 66-31 Photomicrograph of a calcifying epithelial odontogenic tumor. Islands of polyhedral epithelial cells are present. Note the granular appearance of the cytoplasm. The epithelium may be pleomorphic and appear malignant even 
though the lesion is benign. 

 

Figure 66-32 Radiograph of an odontogenic adenomatoid tumor. The unilocular radiolucent appearance with displacement of adjacent teeth is characteristic of many of the benign odontogenic tumors. 

 

Figure 66-33 Photomicrograph of an odontogenic adenomatoid tumor. Note the ductlike arrangement of cuboidal cells with an amorphous coagulum within the center of the duct. Calcifications may be present. 

 
 
A.  Simple unicystic 

Thin epithelial lining. Focal areas of stellate reticulum and "ghost" cells. Scant dysplastic dentin.
B.  Odontoma type 

Same as previous, but also contains calcified tissue in its wall.
C.  Ameloblastomatous type 

Contains ameloblastoma-like proliferations in cyst capsule and lumen.
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Type II (neoplastic) 
 
A.  Ameloblastoma-like 

Odontogenic epithelium invading connective tissue is characteristic. Ghost cells and dentinoid are present.

 
Figure 66-34 Radiograph of a calcifying odontogenic cyst. Note the presence of densely radiopaque material within the radiolucency. 



 

Figure 66-35 Radiograph of a compound composite odontoma. Multiple toothlike structures are present near the crest of the anterior maxillary alveolar bone in association with an impacted canine tooth. 

 

Figure 66-36 Photomicrograph of a compound composite odontoma. The appearance is that of mature enamel, dentin, and cementum within connective tissue. 

 

Figure 66-37 Photomicrograph of an odontogenic myxoma. The lesion is sparsely cellular with large quantities of mucoid intercellular substance. 

 

Figure 66-38 Radiograph of periapical cemental dysplasia in the cementoblastic stage. A mixed radiolucent/radiopaque appearance is present. 

 



Figure 66-39 Clinical photograph of a melanotic neuroectodermal tumor of infancy. There is an anterior maxillary swelling that extends from the labial vestibule to the palate. 

 
 

Poorly differentiated (ameloblastic carcinoma) 
 
●     Arising from odontogenic epithelium

Clinical features.

Aggressive local invasion with destruction of adjacent tissues is the major feature. Regional and distant metastasis will occur.

Radiographic features.

The lesion will present as a radiolucency with poorly defined margins. Destruction of bone and tooth root structure may occur.

Histology.

This highly depends on the tissue from which the tumor arises. However, invasiveness, cellular pleomorphism, atypical mitotic figures, and large hyperchromatic nuclei will be present.

Treatment.

Resection of the tumor with 1-cm margins and frozen sections is generally indicated. Radiotherapy is usually recommended. Treatment of metastases may involve surgical removal, radiation, or chemotherapy.

Ameloblastic Fibrosarcoma (Ameloblastic Sarcoma)

This is a rare tumor and is the malignant counterpart of the ameloblastic fibroma.

Clinical features.

It occurs more frequently in young adults and is more common in the mandible than in the maxilla. The tumor is generally painful, exhibits rapid growth, and destroys bone. Teeth may become loose, and there may be ulceration of the 
overlying mucosa with associated bleeding.

Radiographic features.

The borders of the lesion are poorly defined, and local bone destruction is present.
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Histology.

Most cases have occurred through malignant transformation of a preexisting ameloblastic fibroma. The odontogenic epithelium does not undergo malignant conversion. However, the mesenchymal portion displays increased cellularity, 
cellular pleomorphism, hyperchromatic nuclei, and atypical mitotic figures.

Treatment.

Wide surgical resection is indicated. The recurrence rate is high. Radiotherapy is not recommended, because it has not proven to be effective in management of this tumor.

Ameloblastic Dentinosarcoma

This lesion is identical to the ameloblastic fibrosarcoma except that it contains dysplastic dentin but no enamel.

Treatment.

Wide surgical resection is necessary, because recurrences are frequent. The lesion is poorly responsive to radiation.

Ameloblastic Odontosarcoma

This tumor is similar to the ameloblastic fibrosarcoma and ameloblastic dentinosarcoma except that it contains both dysplastic enamel and dentin.

Treatment.



Wide surgical resection is necessary, because recurrences are frequent. The lesion is poorly responsive to radiation.

SURGICAL MANAGEMENT OF ODONTOGENIC CYSTS AND TUMORS

Surgical Goals

Most odontogenic lesions are benign, and most are only minimally aggressive. This makes it crucial to define carefully the ultimate goal of surgery. Unlike malignant lesions where the primary goal is preservation of life, with other factors 
being of secondary importance, the treatment of odontogenic cysts and tumors must not be accomplished at the expense of function or esthetics.

The goals of management of benign odontogenic cysts and tumors are[3] : (1) remove all abnormal tissue; (2) conserve healthy bone and dental structures; (3) preserve adjacent structures such as the inferior alveolar nerve; (4) restore the 
surgical defect to its presurgical state of anatomic form and function; and (5) prevent recurrence of the lesion.

Principles in Surgical Management

Cysts and tumors of the jaws are treated in a variety of ways depending on several factors ( Figure 66-40 ). Virtually all cysts are treated with either enucleation or enucleation and curettage. Occasionally, decompression or marsupialization 
can be done first to allow the lesion to decrease in size before it is removed definitively. Odontogenic tumors are treated by enucleation with or without curettage, by marginal or partial resection, and occasionally by composite resection 
( Box 66-4 ).

A definition of terms is necessary before proceeding. Enucleation of a lesion involves local removal of the lesion by instrumentation in direct contact with the lesion ( Figure 66-41 ). If curettage also is used, 1 to 2 mm of the bony wall is 
removed after the lesion is enucleated. This is accomplished with aggressive curettage by hand or by the use of rotary instrumentation. Resection involves incision or osteotomy through uninvolved tissue adjacent to the lesion without 
disruption of the lesion. Marginal resection does not produce a continuity defect of the involved bone, for example, leaving a portion of the inferior border of the mandible intact ( Figure 66-42 ). Partial resection removes a full-thickness 
portion of the involved bone. In the maxilla, this may not differ much from a marginal resection; however, in the mandible, it produces a continuity defect ( Figure 66-43 ). Composite resection involves removal of tumor, adjacent bone, soft 
tissue, and contiguous lymph node channels. The only odontogenic lesions treated with composite resection are malignant neoplasms.

The decision as to which method of treatment to use for the management of a given odontogenic lesion is based primarily on the histologic diagnosis, because it provides the most information about the lesion's aggressiveness and its potential 
for recurrence. Other factors may play a role in helping to decide between more or less aggressive therapy. These factors include the anatomic location of the lesion, its proximity to adjacent vital structures, the size of the lesion, its spread to 
adjacent soft tissue, the duration of the lesion, and the plans for reconstruction.

Lesions in the mandible are more readily diagnosed, are usually smaller at the time of diagnosis, and are more easily followed for recurrence than their counterparts in the maxilla. Lesions in the anterior of either the maxilla or mandible are 
easier to diagnose, treat, and follow than their counterparts in the posterior of each respective jaw. Because of this, a more aggressive approach is often recommended for lesions in the posterior maxilla than for those in the anterior mandible. 
Proximity of adjacent vital structures should not deter adequate removal of a lesion. It may be possible to decompress a cyst to allow some bony fill before enucleation in an attempt to preserve adjacent teeth and nerves. This decompression 
should be distinguished from marsupialization where no follow-up enucleation is accomplished. Marsupialization as treatment alone is not recommended, because it
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Figure 66-40 Management of an odontogenic lesion of the mandible. 



 
 

Box 66-4. SURGICAL MODALITIES FOR TREATMENT OF ODONTOGENIC CYSTS AND TUMORS

Enucleation and curettage 
 
Odontogenic cysts: 
 
Virtually all unless recurrent 
 
Odontogenic tumors: 
 
Odontoma 
 
Ameloblastic fibroma 
 
Ameloblastic fibroodontoma 
 
Adenomatoid odontogenic tumor 
 
Calcifying odontogenic cyst 
 
Cementoblastoma 
 
Central cementifying fibroma 
 
Unicystic ameloblastoma (except mural type) 
 
Marginal or partial resection 
 
Odontogenic cysts: 
 
Recurrent odontogenic keratocyst 
 
Odontogenic tumors: 
 
Ameloblastoma (solid and mural type unicystic) 
 
Calcifying epithelial odontogenic tumor (Pindborg tumor) 
 
Odontogenic myxoma 
 
Ameloblastic odontoma 
 
Squamous odontogenic tumor 
 
Composite resection *  
 
Odontogenic tumors: 
 
Malignant ameloblastoma 
 



Ameloblastic fibrosarcoma 
 
Ameloblastic odontosarcoma 
 
Primary intraosseous carcinoma 
 

*These lesions are malignancies and may be treated variably and with additional modalities such as radiation or chemotherapy. 
 
 
Virtually all odontogenic cysts and tumors originate within bone. Aggressive lesions such as ameloblastomas and odontogenic keratocysts may perforate the cortical plate that usually surrounds the intraosseous lesion, enabling 
communication with the adjacent soft tissue. This is associated with increased difficulty in total removal (see Figure 66-44, B ). Although these lesions do not usually spread within the soft tissue and tend to remain encapsulated by the 
periosteum, the likelihood of removing the lesion incompletely is greater.

Several odontogenic tumors exhibit very slow growth, eventually reaching a static point in size. These lesions should be treated less aggressively than lesions that have exhibited rapid enlargement. Regardless of the treatment used, the 
attention to restoration of esthetics and function should be considered 

 
Figure 66-41 Enucleation of a cyst. A, Radiograph showing large cystic lesion in the anterior mandible. B, The specimen and involved teeth after enucleation. 

 

Figure 66-42 Odontogenic myxoma of the mandibular angle associated with a developing mandibular third molar. A, Preoperative radiographic appearance. The lesion was treated with marginal resection from an extraoral approach with 
immediate reconstruction using a cancellous bone graft from the ilium and a sural nerve graft of the inferior alveolar nerve. B, Postoperative radiographic appearance. 

 

Figure 66-43 Ameloblastoma of the angle and body of the mandible. A, Preoperative radiographic appearance. The lesion was treated with partial resection from an extraoral approach. B, Specimen with cortical perforation of the lesion. C, 



The defect was immediately reconstructed with a cancellous bone graft from the ilium and a titanium mesh tray. 

 

Figure 66-44 Imaging of a patient with Gorlin's syndrome and multiple large odontogenic keratocysts of the mandible and maxilla. A, Initial CT appearance of the lesion. Third molar teeth are displaced to the level of the ethmoid sinus and 
most of the maxillary sinus is involved bilaterally. B, Panoramic film shows significant bilateral mandibular involvement as well. Enucleation at this time would have involved significant morbidity. The lesions were decompressed and 
allowed to remain open to the oral cavity. C, Panoramic film with decompression drains in place. D, Enucleation was accomplished without difficulty after a period of decompression. This panoramic film 6 months after enucleation shows 
excellent remodeling and bony fill. 
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Chapter 67 - ODONTOGENIC INFECTIONS

Eric R. Carlson 
J. W. Hudson 

INTRODUCTION

Odontogenic infections are those infections whose etiology is a tooth or teeth along with the supporting apparatus. These infections are among the most frequently encountered in the human body and have plagued our species for as long as 
we have existed. Indeed, the remains of pre-Columbian Indians, unearthed in the American Midwest, as well as the remains of people who lived in early Egypt have revealed the bony crypts of dental abscesses, sinus tracts, and the ravages of 
osteomyelitis of the jaws.[8] In prehistoric times, treatment of localized dental infection was probably the first primitive surgical procedure performed, using a sharp stone or pointed stick to establish drainage. Along with the removal of the 
offending tooth, this archaic concept is still at the hallmark of treatment and resolution of odontogenic infections, yet now with sterile scalpels, an operating room with general anesthesia, strict attention to the airway, and postoperative 
hospitalization with the administration of intravenous antibiotics. Hippocrates described an Athenian boy with decayed teeth, jaw pain, and facial swelling. The pain ceased when spontaneous suppuration occurred in the right ear.[18] 

Not until the early 1900s was a cause-and-effect relationship established between odontogenic infections and multiple fascial space involvement that had the potential to take the lives of these people. Despite this knowledge, however, dental 
neglect, inaccessibility to dental care, and odontogenic infections and their spread into surrounding fascial spaces continue to be a public health concern of great magnitude. It is the purpose of this chapter, therefore, to review the 
microbiology, clinical and radiographic presentation, and treatment of these infections. The sequelae of untreated odontogenic infections, including involvement of the fascial spaces of the neck and the development of osteomyelitis, will also 
be reviewed.

MICROBIOLOGY OF ODONTOGENIC INFECTIONS

Several observations regarding the microbiology of odontogenic infections have been noted. First, as with infections elsewhere in the human body, these infections are not uncommonly caused by endogenous bacteria. Secondly, aerobic 
bacteria alone are rarely the causative agents. When they are, however, Streptococcus species are usually the etiologic organisms. Thirdly, about one half of odontogenic infections are caused by anaerobic bacteria. The anaerobic bacteria 
seen in odontogenic infections are not usually acknowledged as being pathogenic. The more invasive streptococci probably must accompany them to create an infection. Finally, most odontogenic infections are due to mixed infections, 
whereby numerous bacteria are responsible for the infection. According to Peterson,[22] the average number of organisms in a mixed infection is five, but up to 10 different organisms may be found. He has estimated that fewer than 5% of 
odontogenic infections are caused exclusively by aerobic bacteria, 60% of these infections are due exclusively to anaerobic bacteria, and 35% are due to mixed aerobic and anaerobic bacteria.[22] Commonly cultured organisms in odontogenic 
infections include alpha-hemolytic Streptococcus, Peptostreptococcus, Peptococcus, Eubacterium, Bacteroides (Prevotella) melaninogenicus, and Fusobacterium. Pseudomonas, previously believed to be rare in the oral cavity, is currently 
found in the saliva of 5% to 10% of healthy subjects.[8] Quantitative estimations of the number of microorganisms in saliva and plaque range as high as 10[11] /mL. In the depths of a periodontal pocket surrounding a tooth, the number of 
anaerobes per gram of curetted material can reach to similar proportions, approximately the same concentration of anaerobes in human feces.[8] Under the circumstances, the relative paucity of odontogenic infections is a testimony to the 
effectiveness of the host's defense mechanisms.
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HISTORY AND PHYSICAL EXAMINATION OF THE PATIENT WITH ODONTOGENIC INFECTION

A careful history is an essential first step in managing patients with odontogenic infections. Information that will elucidate the origin, extent, location, and severity of the patient's chief complaint is important to obtain. For example, a history 
of toothache including its onset and duration, the presence of fever, previous treatment including the use of antibiotics, difficulty in opening the mouth, and difficulty in swallowing and breathing should be investigated. Patients with 
odontogenic infection can have signs and symptoms ranging from mild swelling and pain to life-threatening airway compromise and central nervous system impairment. As such, a rapid initial assessment should be undertaken to stratify the 
gravity of the patient's illness, the need for hospitalization, and the need for surgical intervention. Indications of possibly fatal infections are respiratory impairment; difficulty in swallowing; impaired vision, eye movement, or both; change in 
voice quality; lethargy; and decreased level of consciousness.[8] Toxicity is suggested by paleness, tachypnea, tachycardia, fever, appearance of illness, shivering, lethargy, and diaphoresis. Central nervous system impairment includes a 
decreased level of consciousness; evidence of meningeal irritation such as severe headache, stiff neck, and vomiting; eyelid edema; and ophthalmoplegia. The cardinal signs of inflammation are present to some degree in nearly all patients 
with infection. Their absence may indicate that the acute phase of infection is subsiding, infection is spreading through deeper tissues, antibiotic therapy is effective, or immune compromise is present in the patient. Rubor, or redness, is 
frequently noted on the cutaneous surface of these patients and is due to the vasodilatation effect of inflammation. Tumor, or swelling, occurs due to the accumulation of pus or fluid exudate. Calor, or heat, is the result of increased blood 
flow to the area due to the vasodilatation. Dolor, or pain, results from pressure on sensory nerve endings from distention of tissues caused by edema or spread of the infection. Functiolaesa, or loss of function, is reflected in difficulty 
chewing, swallowing, and occasionally breathing.

Fever is an important issue to assess in patients with odontogenic infections. Its presence documents systemic involvement by the infection. The normal oral temperature ranges from 97.7°F to 99.5°F. In children, the oral temperature 
averages 0.3° higher. The rectal temperature is approximately 1° higher, and axillary or inguinal temperature is 1° to 3° lower. Increased temperature is related to the release of the endogenous pyrogen, interleukin 1 from granulocytes, 
monocytes, and macrophages that exist in the site of infection due to the inflammatory process. Increased temperature is ordinarily one of the most consistent signs of infection; however, it may also be a reflection of comorbid medical 
disease, such as neoplastic disease, collagen vascular disease, and endocrine disease, among others. Young patients often have a high temperature even during trivial infection, whereas elderly patients may have little temperature change even 
during severe infections. Variables affecting temperature are concurrent antipyretic or corticosteroid therapy, site of temperature determination, recent oral intake of warm or cold beverages, and the length of time in determining the 
temperature. Temperatures lower than 102°F probably do not harm the patient and may be helpful because increases in temperature create a hostile environment for bacteria and enhance phagocytic activity. As such, when the patient is 
febrile but remains otherwise asymptomatic, the clinician may wish to refrain from prescribing antipyretic medications. When an infection is isolated to one side of the mouth, oral temperatures can vary by as much as 3° from the affected to 



the unaffected side of the mouth. As such, the thermometer should be left in place for at least 3 minutes on the unaffected side of the mouth. Temperature devices using the external auditory canal are preferable under these circumstances, 
especially in children.

The comprehensive regional examination of the patient should include inspection, palpation, and percussion. In general, it is advisable to begin this examination extraorally and to proceed intraorally. The skin of the face, head, and neck 
should be examined carefully for swelling, fluctuation, erythema, sinus or fistula formation, and subcutaneous crepitus. Assessment of cervical lymphadenopathy and fascial space involvement occurs before examination of the oral cavity. 
The presence and magnitude of trismus should be quantitatively assessed with a measurement of interincisal opening. Attention is then focused on the teeth, and note is taken of their number, the presence of caries and large restorations, 
localized swellings, fistulas, and mobility. The floor of mouth should be assessed for fascial space involvement, and the salivary gland ducts should be visualized with particular attention to the quality of fluid (pus or saliva) expressed from 
them. Ophthalmologic examination should include assessment of extraocular muscle function, proptosis, and the presence of preseptal or postseptal edema.

Recording the patient's vital signs is an integral part of the assessment of the patient with odontogenic infection. The pulse tends to increase 10 beats/min for each degree (F) of increased temperature; therefore, tachycardia commonly 
accompanies fever and infection regardless of the cause or anatomic location.
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Inflammatory swellings in the face in adults represent odontogenic infections until proven otherwise. Facial infections in children admitted to a hospital, however, are odontogenic in cause in only 11% of swellings of the upper face and 22% 
of lower face swellings.[8] Gingivostomatitis, sinus infections, and skin infections are more common in children and therefore require special considerations.

After history and physical examination, the clinician should proceed to imaging studies and determine whether the physical examination and plain films will be sufficient in diagnosing the etiology of the infection as well as its extent, or 
whether computerized tomograms should also be obtained. It is generally our practice to obtain computerized tomograms when the infection has spread into fascial spaces in the orbit or neck. Infections that are well localized to the oral 
cavity usually do not require special imaging studies with a panoramic radiograph being sufficient for diagnosis and treatment.

PATHWAYS OF ODONTOGENIC INFECTION

The direction of the spread of odontogenic infection depends on which tooth and which jaw is involved. The usual cause of odontogenic infection is necrosis of the pulp of a tooth, which is followed by bacterial invasion through the pulp 
chamber and into the deeper tissues. Necrosis of the pulp results from deep decay in a tooth, to which the pulp responds by mounting an inflammatory reaction. The pulpal foramen at the apex of a tooth root is of insufficient diameter to 
allow for drainage of the infected pulp. The more common scenario is for the bacteria to infect the periodontal tissue and bone. The infection can ultimately enter deeper medullary spaces and develop into osteomyelitis. More commonly, 
however, these infectious processes form fistulous tracts through alveolar bone and exit into the surrounding soft tissue. This phenomenon often is associated with sudden soft tissue swelling with an associated reduction of intrabony pressure 
and less pain. The fistulous tract may penetrate the oral mucosa or facial skin and thereby serve as drainage of the infection. Under such circumstances, dental infection should head the list of differential diagnoses, and the clinician should 
initiate a radiographic series including the teeth and jaws. A panoramic radiograph ( Figure 67-1 ), and occasionally plain dental films, constitute the primary forms of the radiographic assessment of the patient.

Fascial Spaces

Odontogenic infections can be generalized as those that remain localized to the dentoalveolar process and those that spread along fascial spaces to the face, neck, and beyond ( Figure 67-2 ). Spread of infection along fascial spaces is 
determined by the presence and 

 
Figure 67-1 Panoramic radiograph demonstrating an odontogenic infection. 

 

Figure 67-2 An odontogenic infection can express itself after erosion through jaw bone, depending on the thickness of the overlying bone and the nature of the surrounding soft tissues. This illustration displays six possible locations: (1) 
vestibular abscess; (2) buccal space; (3) palatal abscess; (4) sublingual space; (5) submandibular space; and (6) maxillary sinus. 



 

Figure 67-3 A, A pediatric patient with a left submandibular abscess of odontogenic origin. B, The submandibular space lies between the mylohyoid muscle and the skin and superficial cervical fascia. 

 

Figure 67-4 The sublingual space exists between the oral mucosa and mylohyoid muscle. 



 

Figure 67-5 A patient with Ludwig's angina. A, Note the significant swelling of the bilateral upper neck, involving the bilateral submandibular spaces and the submental space. B, The bilateral sublingual spaces are also involved, with 
resultant obstruction of the oral airway by the tongue. Although a nasal intubation was successful in securing this patient's airway, note the markings for cricothyroidotomy and tracheostomy in the event of respiratory distress during the nasal 
intubation. 

 

Figure 67-6 A, A pediatric patient with a right buccal space abscess of odontogenic origin. B, The buccal space lies between the buccinator muscle and the overlying skin and superficial fascia. 

 

Figure 67-7 The masseteric, pterygomandibular, infratemporal, superficial temporal, and deep temporal spaces and their interrelationships. 



 

Figure 67-8 A postseptal orbital abscess. The globe was nonmobile and red. An urgent incision and drainage of this region was performed. 

 

Figure 67-9 A large abscess of the lateral pharyngeal space. Note the extreme deviation of the airway. 

 

Figure 67-10 The relationship of the retropharyngeal and prevertebral spaces and the mediastinum. 



 

Figure 67-11 A retropharyngeal space abscess. Note the widening of the prevertebral region. 

 
 

Box 67-1. RISK FACTORS FOR OSTEOMYELITIS

1.  Inaccessibility to healthcare delivery.
2.  Systemic metabolically compromised individuals (who can be further categorized into the following subsets):

a.  Age of patient
b.  Malnutrition
c.  Immunosuppression
d.  Congenital or acquired pathophysiology disrupting microvascular perfusion of calcified tissue and investing 

soft tissue envelope.
3.  Noncompliant patients refractory to healthcare delivery.

 
Adapted with permission from Hudson JW: J Oral Maxillofac Surg 51:1294–1301, 1993.

 
 
Classification



Classification or categorizing the clinical presentation of facial skeletal osteomyelitis has always been a subject for debate. Typically, the initial profiling involves whether the infection is acute or chronic. To this subtitle there is an added 
discussion of whether the acute or chronic form is primary or secondary and suppurative or nonsuppurative in nature. The empirical arbitrary timeline of acute vs chronic has been put at 1 month relative to presence in the host as best it can 
be ascertained regardless of ongoing treatment. Some clinicians stage the disease relative to sinus tract purulence, but, as with many infectious processes, this can appear in days if not hours with a fulminant pathogen. Purulence, as well, is 
not a defining factor because its presence may vacillate over the course of the disease presentation both during chronic and acute phases. Primary vs secondary classifications have emerged over the last part of the present decade as a result of 
attempting to deal with the uniqueness of sclerosing osteomyelitis and its etiology, pathophysiology, and ultimately its treatment.[5] Lastly, the characteristics of multifocal or diffuse contribute another layer of classification quandary to the 
presentation of osteomyelitis of the jaws. A classification system was developed several years ago to give some organization and rationale to the different types of osteomyelitis based on the biologic behavior and other existing host factors 
correlating the classification ultimately with definitive treatment. [10] This classification system with some modification is presented so that the interested clinician might be able to develop a better perspective on the prevailing processes ( Box 
67-2 ). [10] 

To summarize the classification discussion, any host variable that provides compromised immune surveillance and microvascular insult plays a dominating and integral role in host susceptibility to osteomyelitis of the jaws, such as age, 
blood dyscrasia, neoplasia, and autoimmune disorders, in addition to the local debilitating effects of necrotic bone, sinus tracts, sequestra, foreign body, or abscess. To be truly classified as osteomyelitis, by definition, there must be
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discrete medullary or myeloid cavity involvement within a cortical envelope covered by true inflamed periosteum. Other bony pathosis that become secondarily infected, such as osteoradionecrosis or florid osseous dysplasia, should not be 
characterized as osteomyelitis for convenience's sake unless that infectious process meets the defining criteria for true osteomyelitis.

 
 

Box 67-2. CLASSIFICATION OF OSTEOMYELITIS

I.  Acute forms of osteomyelitis (suppurative or nonsuppurative)
a.  Contiguous focus

i.  Trauma
ii.  Surgery

iii.  Odontogenic infection
b.  Progressive

i.  Burns
ii.  Sinusitis

iii.  Vascular insufficiency
c.  Hematogenous (metastatic)

i.  Developing skeleton (children)
ii.  Developing dentition (children)

II.  Chronic forms of osteomyelitis
a.  Recurrent

i.  Developing skeleton (children)
ii.  Escalated osteogenic activity (< age 25)

b.  Garré's osteomyelitis
i.  Unique proliferative subperiosteal reaction

ii.  Developing skeleton (children to young adults)
c.  Suppurative or nonsuppurative

i.  Inadequately treated forms
ii.  Systemically compromised forms

iii.  Refractory form (chronic refractory multifocal; CROM)
d.  Sclerosing

i.  Diffuse
1.  Possible fastidious microorganisms
2.  Compromise host/causative factor interface

ii.  Focal
1.  Local: predominantly odontogenic in mandible
2.  Systemic: injury or syndromic related (CROM)

 
Adapted with permission from Hudson JW: Osteomyelitis of the jaws: a 50-year perspective, J Oral Maxillofac Surg 
51:1294–1301, 1993.

 
 



Biologic Behavior

The biologic behavior of acute osteomyelitis usually correlates to the infectious, inflammatory disruption of perfusion of the medullary cavity initially and then gravitates to the periosteum. This is an "inside out" phenomena. 
Compartmentalization is created by disruption of haversional loops or arborization in alveolar medullary bone. This histologic and physiologic presentation is end organ in nature.[30] [31] [32] [33] The insideout phenomenon would allude to some 
medullary-introduced pathologic process, such as dental infection, fracture, neoplastic disease, or foreign bodies such as gunshot wound or surgical trauma. Periosteal or subperiosteal pathoses should be viewed as a variance between true 
osteomyelitis and that of Garré's or possibly other sclerosing forms, although no entity should be considered absolute. Compartmentalization is further exacerbated by poor collateralization or vascular turbulence brought about by the sequela 
of the infectious inflammatory mediators and their biologic debris, such as thrombus, purulence, pathogen vegetations, catabolic cellular debris, and debilitated immune components or lack thereof in terms of their presence and availability, 
which is frequently the case in myeloid vascularity. Inflammatory dystrophy may also appear in the chronic wound.

Radiographic and Clinical Presentation

Conventional radiographic evaluation of osteomyelitis of the maxillofacial skeleton often shows lytic changes within bone. However, these radiographic findings often occur in a somewhat delayed fashion compared with the clinical 
presentation. Definitive boundaries of involvement are better appreciated at the time of actual surgical intervention. More sophisticated diagnostic modalities such as technetium-99m methylene diphosphonate radioisotope scanning and 
positron emission tomography (PET) scanning still lack resolution of definitive margins of involvement, although PET scanning does seem to give a better picture than classic nuclear isotopes. Both, however, do aid in differentiation of 
chronic recurrent multifocal osteomyelitis of the facial and axial skeleton.[27] The flow phase of radioisotope or PET scanning may also give some idea as to the regional microvascular integrity which may be of some benefit. Computed axial 
tomography scans provide a better picture of lytic lesions and sequestrum but still lag behind the clinical aspect. Magnetic resonance imaging, although generally providing poor bone windows especially of cortical bone, may give some 
insight into the areas of bone marrow viability and inflammation via signal deterioration.[28] Cost-effectiveness is always a concern relative to the information gained in diagnostic evaluation and ultimately definitive treatment resolution. The 
clinical presentation of osteomyelitis of the jaws can include fever, cellulitis, purulence, trismus, and pain. Pain has always been a significant motivating factor, especially pain of dental or jaw periosteal origin due to the proliferative sensory 
distribution of the fifth nerve in the maxillofacial region ( Figure 67-12 ).

Laboratory tests that may aid diagnostic workup of osteomyelitis include wound site and blood culture and sensitivity with special interest in looking for facultative or anaerobic organisms. Also, teichoic acid and antibiotic peak and trough 
assays may be of some assistance if the empirical antibiotic therapies are known. Complete blood count, erythrocyte sedimentation rate, and C-reactive protein, along with routine metabolic profiling, are other supporting laboratory studies 
worth considering.

Treatment and Outcomes

Surgical debridement is the gold standard for treating medullary osteomyelitis of the jaws, either acute or chronic, suppurative or nonsuppurative in nature[10] 

 
Figure 67-12 Acute suppurative osteomyelitis of the right body of the mandible. Note the loss of signal in the medullary compartment of the right mandible. 

 

TABLE 67-1 -- OSTEOMYELITIS TREATMENT PROBLEMS: X-RAY, CBC, BLOOD CULTURE

Acute Osteomyelitis Acute Osteomyelitis Chronic Osteomyelitis

Healthy host Compromised host Chronic (infection present >1 month)

Conservative decompartmentalization and débridement of infection with extractions Stabilize host, especially nutrition Almost always a compromised host by definition if only from infection 
process itself

Drainage and irrigation if purulence is present Aggressive débridement and decompartmentalization with disruption of the 
involved periosteal rind

CT, nuclear medicine scan, MRI

Culture and sensitivity of infected foci Culture and sensitivity of infected foci Stabilize host, especially nutrition



Antibiotic treatment 3–4 weeks duration based on Gram's stain, culture and 
sensitivity, blood culture, and possibly ESR

Sustained antibiotic treatment 6–12 weeks based on Gram's stain, culture and 
sensitivity, and blood culture

Wide decompartmentalization and decortication to normal bleeding 
bone and disruption of the involved periosteal rind; core out sinus tracts 
with extended culture and sensitivity of sequestrum specimen

Regional bony stabilization as necessary Regional bony stabilization as necessary If purulent, consider drainage and irrigation

  Sustained antibiotic therapy 3–6 months and possibly longer via central 
line as necessary based on Gram's stain and culture and sensitivity

  Consider nonsteroidal drugs or steroids if sclerosing

  Regional bony stabilization

  Perioperative HBO therapy 20–40 dives bid on 100% O2 for 90 minutes 
@ 2.5 ATA

  Reconstruction as necessary

CBC, complete blood count; CT, computed tomography; MRI, magnetic resonance imaging; ESR, erythrocyte sedimentation rate; HBO, hyperbaric oxygen therapy; bid, twice a day; ATA, atmosphere's absolute pressure.

Adapted with permission from Hudson JW: Osteomyelitis and osteoradionecrosis. In Fonseca RJ, editor: Oral and maxillofacial surgery, vol 5: Surgical pathology, Philadelphia, 2000, WB Saunders, p 489, Table 17-5.
 
the cortical bone into the compromised medullary compartment. It is of equal importance in definitive treatment to reduce the local risk for causative factors such as foreign body whether that is infected or necrotic teeth, traumatically 
induced debris, or untreated or nonstable bone fractures in concert with the overall treatment of the decompartmentalization of the endosteal component.[16] Decortication itself should extend into the unaffected bone cortices such that the 
clinician will not be misled by the transient hyperemic bleeding (paprika) of inflamed and infected medullary bone. The rationale for decompartmentalization with disassembly of the inflamed periosteum is to provide an opportunity for 
reperfusion in the areas
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of insult where the host's own immune response can gain access to the underlying infectious process and provide opportunity for the second leg of extrinsic therapy to be effective.

Antimicrobial therapy is the second integral aspect of definitive osteomyelitic therapy once the pathway of delivery is established surgically with decompartmentalization and decortication. Systemic route of delivery is sometimes a problem, 
especially in the debilitated host. Vascular access on a regional or axial basis may be limited in a debilitated person, and oral absorption is variable in all patients depending on previous oral ingestion and tolerization. Definitive osteomyelitis 
antimicrobial therapy should not be considered in the same light as a simple odontogenic infection or contaminated fracture where 1 to 2 weeks of antibiotic delivery are provided. Surgical débridement and capillary recanalization take more 
time, especially in a compromised host. In turn, the offending organisms are occasionally of the variety demanding long-term antimicrobial exposure to be effective. Considering contemporary modalities available for vascular access, there 
should be no hesitation in using vascular ports of entry that can ultimately aid in better antibiotic titers in the wound site.

Penicillin remains the drug of choice in treatment of osteomyelitis of the jaws to include more resilient organisms like actinomyces at higher doses. Clindamycin is also a good choice, achieving excellent therapeutic bony tissue levels while 
maintaining a good spectrum of coverage. Antibiotic impregnated beads (e.g., gentamycin, teicoplanin, vancomycin) have been used with some success in long bone osteomyelitis but have not fared as well in osteomyelitis of the 
maxillofacial skeleton. Resorptive beads may even demand a secondary removal procedure. Other modalities of arterial delivery or combination antithrombic antimicrobial drug therapies have not met with much success. Indwelling catheter 
therapies, closed or unclosed, run a significant risk of retrograde infection or wicking. Capable ancillary support is vital if this mode of therapy is used.

External bandage stabilization of bone in the facial skeleton, for the most part, has been abandoned. External rigid fixation has also lost favor in the face of internal rigid fixation, probably more out of convenience than science. Clinicians 
need to be aware that in placing internal rigid fixation there may be disturbance of adjacent unaffected periosteum with violation of potentially unaffected but contiguous bone near the affected foci. Internal rigid fixation also helps create 
another barrier interface between debilitated bone and the reorganizing soft tissue envelope, however diminutive that might be. If used, it must be applied rigidly and with appropriate physiologic considerations while not creating further bone 
injury.

In refractory forms of osteomyelitis, consideration should be given to possible surgical débridement and the application of hyperbaric oxygen therapy. Much has been written about the use of hyperbaric therapy with emphasis on 
neoangiogenesis, thereby supporting the soft tissue envelope and hastening the recovery of the reperfusion aspect of therapy. Typically, the protocol of choice involves 10 to 20 treatments preoperatively delivered and 5 to 10 treatments 
suggested in the postoperative aspect of care.[19] 

On occasion, revascularization with reconstruction via surgical regional flap delivery into the area of insult is necessary either due to the refractoriness of the infection to resolve or the residual defect left after the osteomyelitic wound has 
recovered. Reperfusion injury can occur both with treatment therapy of the original wound or with regional flap support and must be considered so as not to be misconstrued with an infectious relapse.[26] 

UNIQUE OSTEOMYELITIC DISEASES

Sclerosing osteomyelitis has become an entity unto itself ( Figure 67-13 ). There are some clinicians who feel that diffuse sclerosing osteomyelitis is a primary chronic osteomyelitis, whereas others correlate it to chronic refractory multifocal 
osteomyelitis. How one extrapolates diffuse to multifocal is difficult to appreciate. Some of this comorbidity discussion has occurred in dermatoskeletal disease (i.e., SAPHO syndrome).[5] [12] [25] [27] Still others find a diffuse sclerosing 
osteomyelitis of childhood manifestation similar to that of Garré's osteomyelitis or periostitis ossificans.[1] [5] Diffuse sclerosing osteomyelitis has also been seen as the end result of chronic refractory osteomyelitis.[11] Confusion should not be 
created by misdiagnosing chronic periotendonitis or florid osseous dysplasia for diffuse sclerosing osteomyelitis. There are marked radiographic and clinical appearance differences among all these disease entities. Some osteomyelitic 

 
Figure 67-13 Chronic, diffuse sclerosing osteomyelitis of the right body of the mandible. 



 

Figure 67-14 Garré's osteomyelitis of the mandible in an 11-year-old who sustained a facial laceration down to the mandible. 
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Chapter 68 - TEMPOROMANDIBULAR JOINT DISORDERS

Daniel M. Laskin 

INTRODUCTION

It has been estimated that as many as 10 million people in the United States suffer from disorders of the temporomandibular joint (TMJ), and such disorders constitute a major health problem. Because many of these patients complain about 
facial pain, earache, and headache, they are frequently seen by otolaryngologists. Therefore, it is important for otolaryngologists to be familiar with the diagnosis and treatment of these various conditions.

The term temporomandibular disorders (TMDs) is an "umbrella" term actually encompassing two groups of disorders: true abnormalities of the TMJ and primary involvement of the masticatory muscles (myofascial pain dysfunction [MPD] 
syndrome). Much of the difficulty encountered in the treatment of TMDs relates to the failure to distinguish between these two groups because of the similarity of the signs and symptoms with which they present. Adding further to the 
confusion is the fact that there are also a variety of other conditions unrelated to the TMJ occurring in the same region that can produce similar signs and symptoms; these should also be considered in the differential diagnosis. The emphasis 
in this chapter is on the diagnosis of TMDs, with a subsequent discussion of what is known about the etiology of the various conditions, forming the basis for a rational approach to therapy.

ANATOMY

To understand some of the clinical problems that can originate in the TMJ, it is first necessary to understand something about the anatomy of this unique structure. The TMJ consists of the movable condyloid process and its articulating 
counterpart, the articular eminence, which forms the anterior aspect of the glenoid fossa. The articulating surfaces are lined with fibrous connective tissue beneath which, on the condyle, is a layer of hyaline cartilage. This relatively 
unprotected cartilage layer is an important growth site for the mandible, and damage to it can have major effects, not only on mandibular growth and morphology, but also ultimately on growth of the maxilla and midface. Thus, whenever 
there is any abnormality involving the TMJ in a growing child, there is not only need for concern about the primary condition, but also its possible secondary effects on facial growth.

The TMJ also differs from most other joints in the body because it has a disk interposed between the articulating components. This disk adds stability to the joint by compensating for the incongruity between the articulating surfaces. It also 
serves as a shock absorber and contributes to the ability of the condyle to undergo rotational and translatory movements. Certain conditions can lead to displacement of the intraarticular disk (internal derangement), and this can result in 
abnormal joint sounds and altered function.

Another difference between the TMJ and other joints in the body is the influence of the teeth on the relationship of the articulating components. When the teeth are not in occlusion, this relationship is determined by the morphology of the 
bones and the muscles and ligaments that cross the joint (just as in any other joint). However, when the teeth come into contact, they determine the final position of the condyle. This factor has clinical implications that have to be considered 
in the treatment of many conditions involving the TMJ.

The final difference between the TMJ and other joints in the body concerns to the functional relationship between the two joints involved. The mandible is the only bone in the body hinged on both ends that is not capable of independent 



movement at one end. This also has clinical implications because any dysfunctional movement on one side will result in altered movement on the contralateral side. Thus, a unilateral condition can ultimately lead to pain and dysfunction in 
the opposite joint, even though the underlying problem does not affect it primarily. This phenomenon has to be considered whenever a patient exhibits bilateral TMJ symptoms.
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DISEASES AND DISORDERS

The TMJ is susceptible to the same conditions that affect other joints in the body such as congenital and developmental anomalies, traumatic injuries, dislocations, ankylosis, various forms of arthritis, and occasional neoplastic diseases 
( Table 68-1 ). There also may be internal derangements of the intraarticular disk. Although many of these conditions are treated in the same manner as in other joints, the previously described anatomic and functional differences of the TMJ 
often require some variations of therapy.

Congenital and Developmental Anomalies

Because the condyle has an important role in mandibular growth, congenital absence of the condyle (condylar agenesis, otomandibular dysostosis, hemifacial  

TABLE 68-1 -- DIFFERENTIAL DIAGNOSIS OF TEMPOROMANDIBULAR JOINT DISORDERS

Disorder Pain Limitation Diagnostic Features

Agenesis No Yes Congenital; usually unilateral; mandible deviates to the affected side; unaffected side long and flat; severe malocclusion; often ear abnormalities; radiograph 
shows condylar deficiency

Condylar hypoplasia No No
Congenital or acquired; affected side has a short mandibular body and ramus, fullness of face, deviation of the chin; body of the mandible elongated and face 
flat on the unaffected side; malocclusion; radiograph shows condylar deformity, antegonial notching

Condylar hyperplasia No No Facial asymmetry with deviation of chin to the unaffected side; cross-bite malocclusion; prognathic appearance; lower border of the mandible often convex 
on the affected side; radiograph shows symmetric enlargement of condyle

Neoplasia Possible Yes Mandible may deviate to the affected side; radiographs show enlarged, irregularly shaped condyle or bone destruction depending on the type of tumor; 
unilateral condition

Infectious arthritis Yes No Signs of infection; may be part of systemic disease; radiographs may be negative early, later can show bone destruction; fluctuance may be present; pus may 
be obtained on aspiration; usually unilateral

Rheumatoid arthritis Yes Yes Signs of inflammation; findings in other joints (e.g., hands, wrists, feet, elbows, ankles); positive laboratory tests; retarded mandibular growth in children, 
anterior open bite in adults; radiograph shows bone destruction; usually bilateral

Traumatic arthritis Yes Yes History of trauma; radiograph negative except for a possible widening of joint space; local tenderness; usually unilateral

Degenerative arthritis Yes Yes Unilateral joint tenderness; often crepitus; temporomandibular joint may be the only joint involved; radiograph may be negative or show condylar flattening, 
lipping, spurring, or erosion

Ankylosis No Yes Usually unilateral but can be bilateral; history of trauma may exist; young patient may show retarded mandibular growth; radiographs show a loss of normal 
joint architecture

Internal disc derangement Yes Yes Pain exacerbated by function; clicking on opening, or opening limited to under 35 mm with no click; positive arthrographic or magnetic resonance imaging 
findings; history of trauma may exist; usually unilateral

(From Laskin DM, Block S: J Prosthet Dent 56:75, 1986.)
 
microsomia), condylar hypoplasia, or condylar hyperplasia can produce severe facial deformity. It is important to distinguish between these conditions because of the variations in their treatment.

Condylar Agenesis

With condylar agenesis, the coronoid process, the ramus, and parts of the mandibular body may also be absent, and there can be associated abnormalities of the internal and external ear, the temporal bone, the parotid gland, the muscles of 
mastication, and the facial nerve. Radiographs of the mandible and the TMJ show the degree of bony involvement and help distinguish this condition from others that produce similar facial deformities but are not associated with such severe 
structural loss.
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Early treatment of condylar agenesis is indicated to limit the degree of deformity. The objectives are to reestablish normal ramal height and to restore the missing growth site so that further mandibular deformation is prevented. When a large 
portion of the condyle and ramus is absent, this is best accomplished by reconstruction of the TMJ with a costochondral graft.[6] [18] However, in patients with less severe deformities, distraction osteogenesis can be used to help correct the 
problem.[13] [16] [17] Orthodontic therapy, orthognathic surgery, otoplasty, and soft and hard tissue grafts for facial augmentation are often necessary to complete the reconstructive process.

Condylar Hypoplasia

Hypoplasia of the mandibular condyle may be congenital, but it usually results from trauma, infection, or irradiation during the postnatal growth period. The decreased condylar growth produces a facial deformity characterized by shortness 



of the mandibular body, fullness of the face, and deviation of the chin to the affected side. On the contralateral side, the body of the mandible is elongated, and the face appears flattened. The degree of mandibular and facial deformity relates 
to the severity of the hypoplasia and the age at which it occurred. The diagnosis is based on a history of progressive facial deformity during the growth period, radiographic evidence of condylar deformity and increased antegonial notching, 
and a history of some type of trauma.

If the condition is recognized during the growth period, replacement of the condyle with a costochondral graft to restore the growth potential is generally indicated.[7] [12] [14] However, distraction osteogenesis may offer another alternative.[13] [16] [17] 
In adults, either shortening of the normal side or lengthening of the abnormal side by orthognathic surgery is aesthetically and functionally corrective. Prior orthodontic therapy is often necessary to establish a normal occlusion.

Condylar Hyperplasia

Condylar hyperplasia is a disturbance of unknown cause characterized by a slowly progressing, unilateral overgrowth of the mandible resulting in facial asymmetry, malocclusion, and deviation of the chin to the unaffected side. In contrast 
with condylar hypoplasia, which produces changes in facial symmetry during normal mandibular growth, this condition usually first becomes apparent in the second decade of life when one condyle continues to grow but the other side is no 
longer active. On radiographic examination, the condyle may have a normal shape, but the mandibular neck is elongated or the entire condyloid process may be symmetrically enlarged. This is in contradistinction to osteoma or 
osteochondroma of the condyle, which can sometimes produce a similar facial deformity, but also condylar asymmetry.

Treatment of condylar hyperplasia depends on whether the condyle is still growing,[5] which can be determined by the use of scintigraphy. If growth is still occurring, condylectomy is the treatment of choice. If growth has ceased, the 
condition is corrected by orthognathic surgery, usually preceded by orthodontic alignment of the teeth.

Traumatic Injuries

The condyloid process is one of the most frequent sites of fracture after trauma to the mandible. The diagnosis is generally based on the physical and radiographic findings. There is usually preauricular pain and tenderness as well as 
difficulty in opening the mouth. When there is a unilateral fracture, the jaw will deviate to the affected side on attempted mouth opening. In patients with bilateral fractures there is no deviation, but there is frequently an anterior open bite.

Fractures of the condyloid process are treated by maxillomandibular fixation unless the malposed segment interferes with jaw function, there are no occluding teeth on the involved side, or the condyloid processes are fractured bilaterally and 
grossly displaced. In the latter instances, open reduction should be performed. [21] Other conditions that might necessitate open reduction are a lack of adequate teeth for maxillomandibular fixation and the presence of associated fractures in 
the mandible or the maxilla and midface. In children, closed reduction and fixation is also the method of choice, except that a fractured, severely displaced condyloid process may require surgical repositioning to avoid a possible growth 
deformity occurring subsequently.[10] 

Dislocation

When the jaw is dislocated, the mandible is fixed in an open position with only the most posterior teeth contacting. Three forms of dislocation can be distinguished based on the frequency of the condition: the single, acute episode; chronic 
recurrent dislocation; and chronic persistent dislocation. Only the last two conditions may require surgical treatment; acute dislocation is treated by manual reduction supplemented by the use of local anesthesia, intravenous sedation, or 
general anesthesia.

Chronic recurrent dislocation can be treated by injection of a sclerosing agent into the TMJ capsule and ligament to produce scarring of the stretched tissues,[19] or the same effect can be accomplished by capsulorrhaphy. If the factors leading 
to the capsular laxity (e.g., frequent epileptic seizures or dyskinetic jaw movements) are uncontrollable, the patient may require lateral pterygoid myotomy.[9] 
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Some cases of chronic persistent dislocation can be reduced manually with the aid of traction wires placed through the bone at the angles of the mandible. When this fails, temporal myotomy performed through a vertical incision over the 
anterior border of the coronoid process is generally effectual.[9] As a last resort, direct manipulation of the condyles through preauricular incisions or a condylectomy can be done.

Ankylosis

The most common causes of TMJ ankylosis are traumatic injuries and rheumatoid arthritis, although it also may result from congenital abnormalities, infection, or neoplasia. It is important to distinguish between true ankylosis, which 
involves the joint, and false ankylosis, which involves extraarticular conditions such as enlargement of the coronoid process, depressed fracture of the zygomatic arch, or scarring from surgery or irradiation. Radiographic examination of the 
TMJ and a careful clinical history are generally sufficient to establish the diagnosis of true ankylosis. The radiographs usually show condylar deformity and either a narrowing or irregularity of the joint space or obliteration of the normal 
bony morphology.

There are three basic principles involved in the surgical treatment of ankylosis.[10] First, the new joint should be established at the highest possible point on the ramus to maintain maximum ramal height and to minimize postoperative shift of 
the mandible; second, an interpositional material should be placed to avoid fusion of the parts; and third, it is important to initiate long-term physical therapy postsurgically. In a growing child, consideration should not only be given to 
maintenance of ramal height but also to replacement of the condylar growth site. A costochondral graft serves this purpose and provides an excellent interpositional material.[7] 

Arthritis

Arthritis is the most frequent abnormal condition affecting the TMJ. All of the various types that occur in other joints can occur in this region, but infectious, traumatic, rheumatoid, and degenerative are the most common.

Infectious Arthritis

A condition of infectious arthritis is rare in the TMJ. It can be associated with a systemic disease such as gonorrhea, syphilis, or tuberculosis, can develop as an extension of a local infection, or occasionally can result from bloodborne 
organisms. Clinically, there are local signs of inflammation and limited jaw movement. There also may be signs and symptoms of the associated systemic disease. The results of radiographs are negative initially, but later they may show 
extensive bone destruction. Treatment includes antibiotics, proper hydration, control of pain, and restriction of jaw movement. Suppurative infections may require aspiration, incision and drainage, or sequestrectomy.



Traumatic Arthritis

Acute trauma to the mandible that does not cause a fracture can still produce injury to the TMJ. When this occurs in a child, it is important to warn the parents about the possibility of future retardation of mandibular growth.

Traumatic arthritis is characterized by TMJ pain and tenderness and limitation of jaw movement. The results of the radiograph may be negative or show widening of the joint space caused by intraarticular edema or hemorrhage. Treatment 
consists of nonsteroidal antiinflammatory drugs (NSAIDs), application of heat, soft diet, and restriction of jaw movement.

Rheumatoid Arthritis

Although the earliest symptoms of rheumatoid arthritis occasionally can occur in the TMJ, generally other joints are involved first. When the TMJ is involved, there is usually bilateral pain, tenderness and swelling, and limitation of jaw 
motion. In the early stages, there might not be radiographic changes, but with progression of the disease the articular surface of the condyle is destroyed and the joint space is obliterated. As a result, an anterior open bite can occur. In 
children, such destruction can also cause mandibular growth retardation and facial deformity. In all patients, there is a possibility of ankylosis.

Treatment of rheumatoid arthritis in the TMJ is similar to that in other joints.[20] Antiinflammatory drugs are used during the acute phases, and mild jaw exercises are used to prevent excessive loss of motion when the acute symptoms subside. 
In patients with severe cases, drugs such as hydroxychloroquine, gold, methotrexate, etanercept, and leflunomide are also used to control the pain and inflammation. Surgery may be necessary if ankylosis develops.

Degenerative Arthritis

Primary degenerative arthritis is seen in older persons and is associated with normal aging. Its onset is insidious; the symptoms generally are mild and patients rarely complain about the condition. Secondary degenerative arthritis, which 
usually is caused by trauma or the chronic teeth clenching associated with MPD syndrome, occurs in younger patients and produces more severe symptoms of pain, joint tenderness, clicking or crepitation, and limitation of jaw movement. 
The condition is usually unilateral.
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The radiograph frequently will show flattening, lipping, osteophyte formation, or erosion of the articular surface of the condyle.

Treatment of degenerative joint disease includes administration of NSAIDs, a soft diet, limited jaw movement, and use of a bite appliance if the patient has a chronic clenching or grinding habit. When nonsurgical management for 3 to 6 
months fails to relieve the symptoms, and when there is radiographic evidence of bony change on the articular surface of the condyle, surgical intervention may be indicated. This should involve removal of only the minimal amount of bone 
necessary to produce a smooth articular surface. Unnecessary removal of the entire cortical plate, as occurs with the so-called condylar shave or condylotomy, can lead to continued resorptive changes in some instances and should be avoided 
if possible.

Neoplasms

Primary neoplasms originating in the TMJ are uncommon. Chondroma, osteochondroma, and osteoma are the most common benign tumors. There have also been isolated cases of myxoma, fibrous dysplasia, giant cell reparative granuloma, 
synovialoma, chondroblastoma, osteoblastoma, and synovial hemangioma reported. Malignant tumors are even more uncommon, with infrequent reports of fibrosarcoma, chondrosarcoma, and multiple myeloma. The TMJ can also be 
invaded by neoplasms from the cheek, parotid gland, or external auditory meatus, and metastasis to the condyle from distant neoplasms has been noted on occasion.

Tumors of the TMJ cause pain, limited jaw movement, and difficulty in occluding the teeth. Depending on the nature of the condition, the radiographs may show bony deformation, apposition, or resorption. A biopsy is necessary to establish 
a definitive diagnosis.

Surgery is the treatment of choice for primary neoplasms, whether they are benign or malignant. Most of the malignant neoplasms are not radiosensitive, and therefore radiotherapy seldom is used.

Internal Derangements

Internal derangements of the TMJ take three forms: (1) anterior disk displacement with reduction on opening the mouth, which is characterized by clicking or popping sounds (see Figure 68-1 ); (2) anterior disk displacement without 
reduction on attempted mouth opening, which is characterized by locking ( Figure 68-2 ); and (3) disk adhesion to the articular eminence, which is also characterized by limitation of mouth opening resulting from an inability of the condyle 
to translate ( Figure 68-3 ). As a result of an internal 

 
Figure 68-1 Anterior displacement of the intraarticular disk with reduction on opening of the mouth. A clicking or popping sound occurs as the disk returns to its normal position in relation to the condyle. During closure, the disk again 
becomes anteriorly displaced, sometimes accompanied by a second sound (reciprocal click). (Modified with permission from McCarty W: Diagnosis and treatment of internal derangements of the articular disc and mandibular condyle. In 
Solberg WK, Clark GT, editors: Temporomandibular joint problems: biologic diagnosis and treatment, Chicago, 1980, Quintessence.) 



 

Figure 68-2 Anterior displacement of the intraarticular disk without reduction on attempted mouth opening. The displaced disk acts as a barrier and prevents full translation of the condyle. (Modified with permission from McCarty W: 
Diagnosis and treatment of internal derangements of the articular disc, articular disc and mandibular condyle. In Solberg WK, Clark GT, editors: Temporomandibular joint problems: biologic diagnosis and treatment, Chicago, 1980, 
Quintessence.) 

 

Figure 68-3 Adhesion of the intraarticular disk causing limitation of mouth opening. A, The disk is adherent to the articular eminence in a normal position when the mouth is closed. B, During mouth opening, the disk does not move and this 
limits condylar translation. Because the condyle only rotates, the opening is limited to 25 to 30 mm. (Reprinted with permission from Kaplan AS, Assael LA: Temporomandibular disorders: diagnosis and treatment, Philadelphia, 1991, WB 
Saunders.) 

 

Figure 68-4 Etiology of the myofascial pain-dysfunction syndrome. (Modified from Laskin DM: J Am Dent Assoc 79:147, 1969.) 



 

TABLE 68-2 -- DIFFERENTIAL DIAGNOSIS OF NONARTICULAR CONDITIONS MIMICKING PAIN OF MYOFASCIAL PAIN DYSFUNCTION SYNDROME

Disorder Limitation Muscle Tenderness Diagnostic Features

Pulpitis No No Mild to severe ache or throbbing; intermittent or constant; aggravated by thermal changes; eliminated by dental anesthesia; positive 
radiograph findings

Pericoronitis Yes Possible Persistent mild to severe ache; difficulty swallowing; possible fever; local inflammation; relieved with dental anesthesia

Otitis media No No Moderate to severe earache; pain constant; fever; history of upper respiratory infection usually present; no relief with dental anesthesia

Parotitis Yes No Constant aching pain, worse when eating; pressure feeling; absent salivary flow; ear lobe elevated; ductal suppuration

Sinusitis No No Constant aching or throbbing; worse when change head position; nasal discharge; often molar pain not relieved by dental anesthesia

Trigeminal neuralgia No No Sharp stabbing pain of short duration; trigger zone; pain follows nerve pathway; older age group; often relieved by dental anesthesia

Atypical (vascular) neuralgia No No Diffuse throbbing or burning pain of long duration; often associated autonomic symptoms; no relief with dental anesthesia

Temporal arteritis No No Constant throbbing preauricular pain; artery prominent and tender; low-grade fever; possible visual problems; elevated sedimentation rate

Trotter's syndrome (nasopharyngeal carcinoma) Yes No Aching pain in ear, side of face, lower jaw; deafness; nasal obstruction; cervical lymphadenopathy

Eagle's syndrome (elongated styloid process) No No Mild to sharp stabbing pain in the ear, throat, or retromandible; provoked by swallowing, turning head, carotid compression; usually 
posttonsillectomy; styloid process longer than 2.5 cm

(From Laskin DM, Block S: J Prosthet Dent 56:75, 1986.)
 
With stage II therapy, another 20% to 25% of patients will become free of symptoms in 2 to 4 weeks. The medications are stopped first, and wearing the bite appliance is discontinued next. If the patient has a return of symptoms when the 
appliance is not worn at night, its use can be continued indefinitely.

Patients who do not respond to the use of a bite appliance are entered into stage III of treatment for 4 to 6 weeks. In this phase, either physical therapy (e.g., ultrasound, electrogalvanic stimulation) or relaxation therapy (e.g., 
electromyographic biofeedback, conditioned relaxation) are added to the regimen. There is no evidence to show that one form of treatment is better than the other, and either can be used first. If one is not successful, the other then can be 
tried. Stage III therapy usually helps another 10% to 15% of patients.

If all of the previous approaches fail and if there is no question about the correctness of the diagnosis, psychological counseling is recommended. This involves helping patients identify possible stresses in their lives and cope with such 
situations. If there is doubt about the diagnosis, the patient should first be referred for appropriate dental and neurologic consultation and evaluation. Another alternative is to refer patients with recalcitrant MPD syndrome to a TMJ
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TABLE 68-3 -- DIFFERENTIAL DIAGNOSIS OF NONARTICULAR CONDITIONS PRODUCING LIMITATION OF MANDIBULAR MOVEMENT

Disorder Pain Muscle Tenderness Diagnostic Features

Odontogenic infection Yes Yes Fever; swelling; positive radiographic findings; tooth tender to percussion; pain relieved and movement improved with dental anesthesia

Nonodontogenic infection Yes Yes Fever; swelling; negative dental findings on radiograph; dental anesthesia may not relieve pain or improve jaw movement

Myositis Yes Yes Sudden onset; movement associated with pain; areas of muscle tenderness; usually no fever

Myositis ossificans No No Palpable nodules seen as radiopaque areas on radiograph; involvement of nonmasticatory muscles

Neoplasia Possible Possible Palpable mass; regional nodes may be enlarged; possible paresthesia; radiograph may show bone involvement



Scleroderma No No Skin hard and atrophic; mask-like faces; paresthesias; arthritic joint pain; widening of periodontal ligament

Hysteria No No Sudden onset after psychological trauma; no physical findings; jaw opens easily during general anesthesia

Tetanus Yes No Recent wound; stiffness of neck; difficulty swallowing; spasm of the facial muscles; headache

Extrapyramidal reaction No No Patient taking antipsychotic drug or phenothiazine tranquilizer; hypertonic movement; lip smacking; spontaneous chewing motions

Depressed zygomatic arch Possible No History of trauma; facial depression; positive radiographic findings

Osteochondroma coronoid process No No Gradual limitation; jaw may deviate to the unaffected side; possible clicking sound on jaw movement; positive radiographic findings

(From Laskin DM, Block S: J Prosthet Dent 56:75, 1986.)
 
center or pain clinic because such patients generally require a multidisciplinary approach for successful treatment.

SUMMARY

The successful treatment of patients with TMDs depends on establishing an accurate diagnosis and using proper therapy based on an understanding of the cause of the condition being managed. Of particular importance is separating those 
patients with MPD syndrome, who constitute the major group encountered and who are not surgical candidates, from those with TMJ abnormality, who frequently require surgical treatment. Even in the latter group, many of the commonly 
encountered conditions, such as arthritis and internal disk derangements, often respond to nonsurgical therapy, and this type of treatment should be given a fair trial before more aggressive treatment is considered.
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Figure 68-5 Management of myofascial pain dysfunction syndrome. 
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Chapter 69 - BENIGN TUMORS AND TUMOR-LIKE LESIONS OF THE ORAL CAVITY

Timothy S. Lian 

INTRODUCTION

A plethora of conditions exist that manifest themselves as tumor or tumorlike conditions that involve the oral cavity and oral pharynx. Conditions that more commonly appear and that should be familiar to the otolaryngologist-head and neck 
surgeon will be presented. It is convenient to group these nonmalignant entities into congential, inflammatory/traumatic, and neoplastic conditions when formulating differential diagnoses.

CONGENITAL CONDITIONS

Torus

Torus palatinus and torus mandibularis represent developmental anomalies that usually present in the second decade of life and continue to grow slowly throughout life.[18] Tori present as mucosally covered bony outgrowths of the palate and 
mandible. Tori of the oral cavity occur in 3% to 56% of adults and are more common in women.[4] [20] The tori of the palate are found only in the midline of the hard palate, whereas mandibular tori are found to involve only the lingual surface 
of the anterior mandible, primarily in the premolar region.[1] [18] Tori are typically pedunculated or multilobulated broadly based smooth bony masses ( Figure 69-1 ). They consist of dense lamellar bone with relatively small marrow spaces that 
do not involve the deeper cancellous bones of the mandible or palate. Patients with tori are usually asymptomatic, unless the torus interferes with denture placement or is repeatedly traumatized when the patient eats. In symptomatic patients, 
the tori can be treated by removing them from the underlying cortex with osteotomes or cutting burrs. Recurrence is occasionally seen; however, malignant transformation has not been reported.

Lingual Thyroid



Approximately 90% of all ectopic thyroid tissue is associated with the dorsum of the tongue.[25] The presence of lingual thyroid reflects the lack of descent of thyroid tissue during development. The lingual thyroid is found in the midline in the 
area of foramen cecum. The true incidence of lingual thyroid may never be known, because this entity does not always result in clinical manifestations; however, studies involving neonatal screening for hypothyroidism revealed that 
approximately 1/18,000 to 1/100,000 live births were associated with ectopic thyroid tissue involving the tongue.[7] [10] Although usually asymptomatic, the presence of lingual thyroid can be associated with hypothyroidism. Studies have 
shown that up to 70% of patients with a lingual thyroid also have hypothyroidism.[9] Other symptoms might also be related to the mass effect of the lingual thyroid and might cause airway obstruction and/or difficulties with swallowing. 
Patients may complain of dysphagia or the sensation of a lump in their throat. Less common complaints include dysphonia or bleeding. Symptoms may occur at times of increased metabolic demands such as growth spurts during adolescence 
or during pregnancy.[21] Malignant transformation is rare.[26] Treatment for hypothyroid patients involves thyroid replacement therapy, which may also reduce the size of the lingual thyroid and, in turn, reduce any obstructive symptoms. 
Treatment for symptomatic euthyroid patients typically involves surgical excision. A number of different approaches for surgical excision of lingual thyroid have been described and include transcervical routes by means of lateral 
pharyngotomy or transhyoid pharyngotomy, as well as transoral excision with use of the CO2 laser.[15] One must be prepared to administer postoperative exogenous thyroid hormone replacement therapy, because approximately 70% of patients 
will have the lingual thyroid as the only functioning thyroid tissue.[9] 

Developmental Cysts

Congenital cystic conditions of the oral cavity and oropharynx are relatively rare. These usually include dermoid cyst, duplication cysts, and nasoalveolar cysts.
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Figure 69-1 Torus palatinus. 

 

Figure 69-2 Duplication cyst involving the tongue. 

 

Figure 69-3 Sublabial approach to a nasoalveolar cyst. 



 

Figure 69-4 Remodeling of the maxilla associated with a nasoalveolar cyst. 

 

Figure 69-5 Aphthous ulcer with the characteristic erythematous halo surrounding a saucerized ulcer bed of fibrinoid necrotic debris. 

 

Figure 69-6 Pyogenic granuloma of the lateral tongue. 

 

Figure 69-7 Granular cell tumor of the lingual dorsum. 



 

Figure 69-8 A, Ameloblastoma of the molar and ramus of the mandible. B, Bony infiltration and remodeling of the mandible as the result of ameloblastoma. 

 

Figure 69-9 Minor salivary gland pleomorphic adenoma of the retromolar trigone. 
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Chapter 70 - MALIGNANT NEOPLASMS OF THE ORAL CAVITY

Richard O. Wein 
Randal S. Weber 

INTRODUCTION

The topic of malignant neoplasms of the oral cavity is synonymous with a discussion of oral squamous cell carcinoma. The oral cavity is unique in that, unlike other anatomical regions of the upper aerodigestive tract, the routine detection of 
early stage lesions is possible. However, given the relatively common presentation of benign oral cavity pathology, delay in diagnosis is also all too frequent for these lesions.

Perhaps more so than other sites within the head and neck, primary surgical management dominates the treatment for oral cavity tumors. Accessing the treatment options for an oral malignancy, the surgeon must take into account the 
functional impact of treatment on speech and swallowing. In addition, appropriate selection of the reconstruction that maximizes the patient's functional capabilities and cosmetic restoration requires a broad knowledge and experience with 
the options available.

ETIOLOGY

Tobacco and alcohol consumption are considered the most common preventable factors associated with the development of oral cavity neoplasms. In addition, this relationship is synergistic, with alcohol serving as a promoter for the 
carcinogenic effects of tobacco. When compared with nonsmokers, smoking confers a 1.9-fold risk to males and 3.0-fold risk to females for developing a head and neck squamous cell carcinoma. The risk is directly proportional to the years 
spent smoking and the number of cigarettes smoked per day. Alcohol alone confers a 1.7-fold risk to males drinking 1 to 2 drinks per day compared with nondrinkers. This risk rises to more than 3.0-fold for heavy drinkers. Individuals who 
both smoke (2 packs per day) and drink (4 units of alcohol per day) are associated with an odds ratio of 35 for development of a carcinoma compared with controls.[12] Users of smokeless tobacco have a 4.0-fold increased risk of oral cavity 
carcinoma compared with non-users.[100] 

Tobacco is the leading preventable cause of death in the United States and is responsible for 1 out of every 5 deaths.[95] As of 1999, overall, 23.5% of U.S. adults smoke tobacco products with 25.7% of males and 21.5% of females composing 
this population.[23] The evidence supporting the benefit for head and neck cancer patients to cease smoking after treatment for their cancer is compelling. In a study by Moore, 40% of patients who continued to smoke after definitive treatment 
for an oral cavity malignancy went on to recur or develop a second head and neck malignancy. For patients who stopped smoking after treatment, only 6% went on to develop a recurrence.[71] Induction of specific p53 mutations within upper 
aerodigestive tract tumors have been noted in patients with a history of tobacco and alcohol use.[14] 

When smokers who have developed head and neck squamous cell carcinoma are compared with nonsmokers, differences between the two populations emerge. Koch and others noted that nonsmokers were represented by a disproportionate 
number of women and were more frequently at the extremes of age (younger than 30 or older than 85 years of age). Tumors from nonsmokers presented more frequently in the oral cavity, specifically within the oral tongue, buccal mucosa, 
and alveolar ridge. Smokers presented more frequently with tumors of the larynx, hypopharynx, and floor of the mouth ( Figure 70-1 ). Common genetic alterations such as loss of heterozygosity at 3p, 4q, and 11q13 and the overall number 
of chromosomal microsatellite (repeated base sequences) losses were significantly more likely in the tumors of smokers. In addition, the rate of p53 mutations was markedly increased in this group of patients. Former smokers, defined as 
those individuals who had quit more than 10 years earlier, demonstrated a profile more consistent with nonsmokers.[60] 
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Figure 70-1 Floor of mouth squamous carcinoma extending to the inferolateral tongue. 

 



Figure 70-2 Lower lip ulcerative squamous carcinoma before resection, with initial margins indicated. 

 

Figure 70-3 Overview of the oral cavity demonstrating the posterior boundary at the hard palate-soft palate junction and the location of the retromolar trigone relative to the inferior alveolar ridge. 

 

Figure 70-4 A, Musculature of the submandibular region and relationship of the lingual and hypoglossal nerves to the submandibular gland. B, Deeper anatomy of the submandibular fossa. The hypoglossal nerve runs deep to the mylohyoid 
muscle and superficial to the hyoglossus muscle. The lingual artery runs deep to the hyoglossus muscle and ascends to divide into deep and dorsal lingual arteries and the sublingual artery. 



 

Figure 70-5 Primary and secondary portions of the hard palate. The relationship of the hard palate to the course of palatine nerves is important to consider when perineural invasion is suspected with squamous carcinomas or minor salivary 
gland malignancies in this region. 

 

Figure 70-6 Lymphatic drainage pattern for the upper and lower lips. 

 

Figure 70-7 Lymphatic drainage pattern of the oral tongue, base of tongue, and floor of mouth. 



 

Figure 70-8 Lymphatic regions of the upper neck. 

 

Figure 70-9 Osteosarcoma specimen of the right hemimandible. 

 



Figure 70-10 Lateral oral tongue squamous cell carcinoma assessed at preoperative evaluation. 

 

TABLE 70-1 -- AMERICAN JOINT COMMITTEE ON CANCER STAGING

Primary tumor

TX Unable to assess primary tumor

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor is <2 cm in greatest dimension

T2 Tumor >2 cm and <4 cm in greatest dimension

T3 Tumor >4 cm in greatest dimension

T4 (lip) Primary tumor invading cortical bone, inferior alveolar nerve, floor of mouth, or skin of face (e.g., nose or chin)

T4a (oral) Tumor invades adjacent structures (e.g., cortical bone, into deep tongue musculature, maxillary sinus) or skin of face

T4b (oral) Tumor invades masticator space, pterygoid plates, or skull base or encases the internal carotid artery

Regional lymphadenopathy

NX Unable to assess regional lymph nodes

N0 No evidence of regional metastasis

N1 Metastasis in a single ipsilateral lymph node, ≤3 cm in greatest dimension

N2a Metastasis in single ipsilateral lymph node, >3 cm and <6 cm

N2b Metastasis in multiple ipsilateral lymph nodes, all nodes <6 cm

N2c Metastasis in bilateral or contralateral lymph nodes, all nodes <6 cm

N3 Metastasis in a lymph node >6 cm in greatest dimension

Distant metastases

MX Unable to assess for distant metastases

M0 No distant metastases

M1 Distant metastases

TMN staging

Stage 0 Tis N0 M0 

Stage I T1 N0 M0 

Stage II T2 N0 M0 

Stage III T3 N0 M0 



 T1-3 N1 M0 

Stage IVa T4a N0 M0 

 T4a N1 M0 

 T1-4a N2 M0 

Stage IVb Any T N3 M0 

 T4b Any N M0 

Stage IVc Any T Any N M1 

(American Joint Committee on Cancer: American Joint Committee on Cancer Staging Manual, ed 6, Chicago, 2002.)[1] 
 
to "infiltrative" growth patterns had better outcomes.[16] In addition, the depth of invasion of oral squamous cell carcinoma and its relationship to the risk of regional metastasis and 5-year survival has been examined. For lesions with a depth 
of invasion less than 2 mm, 13% of patients demonstrated regional metastases and a 95% 5-year survival was noted. For lesions with a 2- to 9-mm depth of invasion, 46% of patients had regional metastases, and the 5-year survival rate 
decreased to 85%. When depth of invasion increased to greater than 9 mm, the risk of lymph node metastasis increased to 65%, and the 5-year survival decreased to 65%.[89] 

Table 70-2 demonstrates the 5-year observed survival rates for patients with oral cavity squamous cell carcinoma stratified by stage as reported by the AJCC for 1985 to 1991.

Second Primary Tumors

Patients with smoking-related head and neck cancer are at risk for the development of a second primary tumor. A second primary tumor detected simultaneously or
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TABLE 70-2 -- OBSERVED SURVIVAL BY YEAR PER STAGE FOR ORAL CAVITY CARCINOMA, 1985–1991

 YEAR POST-DIAGNOSIS

Observed % Survival by Stage 1 2 3 4 5

I 91.6 80.6 72.0 66.1 59.8

II 87.0 69.6 59.7 53.0 46.3

III 76.7 58.1 48.7 41.6 36.3

IV 60.2 38.4 30.9 26.5 23.3

Modified from Greene FL, editor: AJCC Cancer Staging Manual, Sixth Edition, New York, 2002, Springer Verlag.
 
within 6 months of the initial primary tumor is defined as a synchronous lesion. Emergence of a second primary lesion more than 6 months after discovery of the index tumor is referred to as metachronous. The incidence and site of origin for 
the subsequent primaries vary, depending on the site of the initial primary.

The overall incidence for synchronous and metachronous lesions for patients diagnosed with a primary head and neck malignancy is approximately 14%. Of these malignancies, 80% are metachronous cancers with 50% of cases presenting 
within the first 2 years of initial treatment of the primary tumor. For patients with oral cavity and oropharyngeal malignancies, the site of a second malignancy is most frequently in the cervical esophagus. New symptoms of dysphagia or 
odynophagia in this patient population should prompt a diagnostic evaluation with barium swallow or esophagoscopy.[97] There appears to be a bimodal pattern for second primary tumors in the esophagus, with an early group developing 
tumors within 2 years of treatment of the index primary tumor and a later group who develops esophageal cancer 5 years or more after primary treatment. The prevalence of synchronous second primary tumors is about 3% to 4%. Therefore, 
a staging evaluation is recommended at the first diagnosis for all patients with primary cancers of the upper aerodigestive tract. A posteroanterior and lateral chest radiograph is also recommended at the time of diagnosis to rule out the 
existence of a second primary lesion or metastasis of the lung.[49] 

TREATMENT CONSIDERATIONS

The need to assess the precise stage of an oral lesion is necessary to develop the appropriate treatment approach. The general physical and psychological condition of a patient should also be taken into consideration. Key questions that must 
be answered are: Is the patient medically fit for an extensive procedure? Can the patient's health status be optimized? Does the patient comprehend the treatment options and possible sequelae?

Perioperative antibiotics, in particular for cases with aerodigestive tract exposure to the operative field, can decrease infectious complications associated with surgical intervention. Prophylactic antibiotics are most effective when 
administered immediately before surgery and for 24 hours postoperatively. Extended use of antibiotics in post-surgical patients has not been shown to decrease the risk of infectious complications or fistula formation. The inappropriate use of 
antibiotics increases the risk for pseudomembranous colitis and the emergence of resistant organisms. Selection of a prophylactic antibiotic for clean-contaminated head and neck surgery should provide adequate gram-positive coverage in 
addition to anaerobic coverage.[99] 

A detailed discussion of the treatment of each oral cavity site is provided later in this chapter. For early stage lesions of the oral cavity (T1 /T2 ), transoral resection is possible with complete tumor removal and adequate margin control. 
Primary closure, healing by secondary intention, or placement of a skin-dermal graft may be used for reconstruction of small defects. Larger and more posteriorly located lesions may require a pull through technique for exposure and 



reconstruction. When considering options for repairing larger soft tissue defects, one must consider the impact of tumor removal on speech and swallowing function. When the tumor approaches or involves the mandible, marginal vs 
segmental mandibulectomy may be necessary. Reconstructive options include restoration of mandibular continuity with a titanium plate, microvascular osseous reconstruction, or soft tissue reconstruction alone. The cosmetic implications of 
composite resection in advanced lesions also needs to be weighed with the individual patient's expectations. However, the goal of treatment should be to achieve the best chance for long-term survival while maintaining quality of life.

Surgery—Treatment of the Primary Lesion

Lip

The majority of neoplastic lesions that affect this subsite present on the lower lip (88%–95%) as opposed to the upper lip (2%–7%) or the commissure (1%) ( Figure 70-11 ). For the lower lip, squamous cell carcinoma predominates while 
basal cell carcinoma disproportionately arises on the upper lip. In addition to basal and squamous cell carcinoma, the differential diagnosis of a lip lesion includes keratoacanthoma, minor salivary gland tumors, malignant melanoma, and 
tumors of mesenchymal origin (malignant fibrous histiocytoma, leiomyosarcoma, fibrosarcoma, angiosarcoma, and rhabdomyosarcoma).

The typical patient with a squamous cell carcinoma of the lip is a male 50 to 70 years of age. Risk factors
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Figure 70-11 Squamous carcinoma of the lip at the oral commissure. 

 

Figure 70-12 Post-resection appearance after removal of commissure squamous carcinoma with negative frozen section margins. 

 

Figure 70-13 Abbe-Estlander flap for a left lower lip resection extending to the oral commissure. (Adapted from Silver/Rubin—Atlas of Head and Neck Surgery, ed 2, 1999, Churchill Livingstone, p 120.) 



 

Figure 70-14 Karapandzic fan flap for midline lower lip defect. The neurovascular pedicle (inset on B) is preserved bilaterally. (Adapted from Silver/Rubin—Atlas of Head and Neck 0Surgery, ed 2, 1999, Churchill Livingstone, p 121.) 

 

Figure 70-15 A, Atrophic appearance of an edentulous mandible. This demonstrates why marginal mandibulectomy is difficult to perform without iatrogenic fracture in these patients. B, Examples comparing a marginal vs segmental 
mandibulectomy. (Adapted from Silver/Rubin—Atlas of Head and Neck Surgery, ed 2, 1999, Churchill Livingstone, p 72.) 



 

Figure 70-16 Cuts for a sagittal lingual marginal mandibulectomy at the symphysis. (Adapted from Donald PJ: Head and Neck Cancer: Management of the Difficult Case. Philadelphia, 1984, WB Saunders, p 16.) 

 

Figure 70-17 Hemiglossectomy specimen demonstrating an ulcer along the lateral edge from a tumor invading toward the floor of mouth. 

 

Figure 70-18 Composite resection specimen of ulcerative tongue carcinoma with lateral extension into the floor of mouth and mandible. Posterior extent of resection includes the retromolar trigone and anterior tonsillar pillar. 

 

Figure 70-19 Approach for a composite resection for a T4 tongue squamous carcinoma invading the lateral mandible. 



 

Figure 70-20 Hemimandibulectomy for posterior floor of mouth-lateral tongue tumor with associated modified radical neck dissection (type I). Reconstruction options include soft tissue reconstruction of the deficit or osseous free tissue 
transfer. 

 

Figure 70-21 Post-resection appearance after L-shaped marginal mandibulectomy for a posterior alveolar ridge-retromolar trigone squamous carcinoma. 

 

Figure 70-22 -shaped marginal mandibulectomy for a retromolar trigone tumor. A generous portion of cortical bone remains at the posterior body-angle-ramus of the mandible such that the defect requires only soft tissue reconstruction. 
(From Silver/Rubin—Atlas of Head and Neck Surgery, ed 2, 1999, Churchill Livingstone, p 89.) 



 

Figure 70-23 Anterior floor of mouth carcinoma treated with a marginal mandibulectomy with a visor flap approach. Teeth are extracted at the sites of the osteotomy cuts. (From Silver/Rubin—Atlas of Head and Neck Surgery, ed 2, 1999, 
Churchill Livingstone, p 91.) 

 

Figure 70-24 Composite resection of floor of mouth carcinoma with segmental mandibulectomy. To obtain wide surgical margins a significant portion of lateral oral tongue is resected with the specimen. (From Silver/Rubin—Atlas of Head 
and Neck Surgery, ed 2, 1999, Churchill Livingstone, p 76.) 

 

Figure 70-25 Buccal mucosal changes from a squamous cell carcinoma extending to edentulous alveolar rim. 



 

Figure 70-26 Medial aspect of the extensive buccal carcinoma requiring partial maxillectomy and hemimandibulectomy. Crater from the ulcerative lesion extends anterior to the oral commissure and posteriorly to the retromolar trigone. 

 

Figure 70-27 Lip-splitting approach extended into neck dissection incision for access for a hemimandibulectomy for a T4 buccal carcinoma. 

 

Figure 70-28 Closure of "through-and-through" buccal carcinoma accomplished with a cervicofacial advancement flap and pectoralis major flap. A portion of the pectoralis major flap lines the oral cavity, a portion is desquamated to 
transition externally, and a portion is external at the oral commissure extending to the advancement flap. 



 

Figure 70-29 Hard palate squamous carcinoma extending over the upper alveolar ridge to the gingivobuccal sulcus. Margin control for this tumor would extend to the soft palate posterior and require an infrastructure maxillectomy. 
Retrograde spread along the greater palatine nerve could result in skull base extension. 

 

Figure 70-30 Bone cuts on an infrastructure maxillectomy for a hard palate malignancy. (From Silver/Rubin—Atlas of Head and Neck Surgery, ed 2, 1999, Churchill Livingstone, p 134.) 

 

Figure 70-31 Hard palate squamous carcinoma before resection. 

 

Figure 70-32 Approach to resection of a hard palate tumor. Weber-Ferguson incision with lip-split is shown for superoanterior exposure. Resection exposes the inferior aspect of the nasal cavity and maxillary sinus to the oral cavity. (From 
Silver/Rubin—Atlas of Head and Neck Surgery, ed 2, 1999, Churchill Livingstone, p 135.) 



 

Figure 70-33 Obturator in place after infrastructure maxillectomy. Split-thickness skin graft covers the osteotomy margins and relines the maxillary sinus cavity and is held in place by vasoline gauze supported by the obturator. 

 

Figure 70-34 A, Floor of mouth tumor removed with a lingual sagittal marginal mandibulectomy. B, Floor of mouth-alveolar ridge tumor removed with a coronal "rim" marginal mandibulectomy. 



 

TABLE 70-3 -- INDICATIONS FOR SURGICAL TREATMENT OF THE MANDIBLE

Type of Presentation Intervention Required

Mucosal lesion with mandibular approximation, freely mobile Wide local excision with removal of adjacent periosteum

Mucosal lesion with isolated adherence to the mandible, lingual aspect Lingual-sagittal marginal mandibulectomy

Mucosal lesion with isolated adherence to mandible, gingival aspect "Rim"-coronal marginal mandibulectomy

Gross cortical invasion, inferior alveolar nerve involvement Segmental mandibulectomy
 
regions of the head and neck and are stratified by pathologic findings at the primary site and the neck. When indications at either site exist for postoperative radiation, the primary site and both sides of the neck are treated comprehensively. 
Indications are multiple pathologically positive nodes in the neck, perineural invasion, angiolymphatic invasion, extracapsular spread, close margins (<5 mm) at the primary site, tumor thickness of 10 mm or larger, and advanced T-stage. 
Conventional dosing is 1.8 to 2.0 gray (Gy) per fraction, once a day, 5 days a week, to a dose of 62 to 70 Gy. For locally advanced head and neck cancer, radiation delivered in hyperfractionation and accelerated fractionation with 
concomitant boost protocols has been demonstrated to provide better locoregional control than conventional radiation dosing.[43] 

The most common complication of radiation therapy to the oral cavity is xerostomia. A less common but more serious complication is osteoradionecrosis
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Figure 70-35 Pull-through technique for extensive floor of mouth carcinoma extending into the oral tongue. 

 

Figure 70-36 Floor of mouth tumor. A, Resected with a pull-through approach. B, After detachment of the mylohyoid, anterior belly of digastric, and geniohyoid. This approach spares the mandible from an osteotomy that may lie within a 
postoperative radiation field. 



 

Figure 70-37 Levels of the regional lymphatics of the neck. (From Silver/Rubin—Atlas of Head and Neck Surgery, ed 2, 1999, Churchill Livingstone, p 24.) 

 

Figure 70-38 Brachytherapy catheters in place for oral tongue carcinoma resected with narrow surgical margin on final pathology after radial forearm free flap reconstruction. 

 

Figure 70-39 Post-resection of a T4 floor of mouth squamous cell carcinoma requiring composite resection extending from mandibular angle-to-angle. Note the extent of the soft tissue defect around the inferior aspect of the tongue. Osseous 
free tissue reconstruction was required. 



 

Figure 70-40 Fibular free flap reconstruction of the segmental mandibular defect and of the soft tissue defect of the floor of mouth and tongue. Vessel anastomosis is noted in the neck. (From Silver/Rubin—Atlas of Head and Neck Surgery, 
ed 2, 1999, Churchill Livingstone, p 82.) 

 

TABLE 70-4 -- AMERICAN HEAD AND NECK SOCIETY GUIDELINES FOR CANCER SURVEILLANCE

Year Post-Treatment Interval (Months)

1st 1–3

2nd 2–4

3rd 3–6

4th and 5th 4–6

After 5th every 12
 
loss occurs, microvascular reconstruction has been successful in salvaging the remaining healthy tissue and reconstructing the necrotic tissue lost from the process.

Delayed pathologic fracture may occur after marginal mandibulectomy when inadequate mandible remains. After bony reconstruction, a nonunion may occur and lead to infection, mobility, or fistula formation.

SUMMARY

The oral cavity is a unique site within the head and neck in that the accessibility of the region readily allows for the identification of premalignant and early staged lesions. The preferred primary treatment modality for oral cavity 
malignancies is surgical. Given that speech and swallowing function are profoundly affected by the treatment of malignant tumors, extirpative and reconstructive options require careful preoperative consideration and postoperative 
rehabilitation. For advanced staged lesions, the use of combination therapy—surgery followed by postoperative radiation therapy, remains the optimum treatment. Management by a multidisciplinary team is critical to provide the patient with 
the best chance for cancer control and functional outcome.
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Chapter 71 - RECONSTRUCTION OF THE MANDIBLE AND MAXILLA

Mark L. Urken 
Daniel Buchbinder 
Eric M. Genden 

INTRODUCTION

The causes of segmental mandibular and maxilla defects are varied, ranging from congenital to acquired. By far, the most common causes are postoncologic surgery, severe avulsive trauma, and inflammatory diseases such as osteomyelitis 
or osteoradionecrosis. All of these etiologies result in a spectrum of aesthetic deformities and functional disability that vary with the size and location of the segmental defect. Loss of a small segment of the posterior body or ramus seldom 
leads to a cosmetic or functional disturbance. Rather, the mandible shifts to the affected side, resulting in malocclusion, but the patient is generally able to function adequately. As the defect becomes more extensive to include a significant 
portion of the body or the anterior arch, the resultant deformity can become crippling. Loss of the structural support for the tongue and laryngeal suspension will not only lead to problems with mastication and deglutition, but prolapse of the 
tongue also may compromise the airway, requiring a permanent tracheostomy. Similarly, whereas smaller defects of the upper jaw and maxilla are well tolerated and well managed with prosthetic obturation, larger defects involving more 
than half the dental arch and defects involving the vertical maxilla, namely the orbital rim and zygomatic body, are poorly managed with prosthetics. Clearly these types of defects must be reconstructed if the patient is to be rehabilitated.

METHODS OF RECONSTRUCTION

Many surgical procedures have been advocated for both mandibular and maxillary reconstruction. Historically, the most common technique for mandibular restoration involves the use of autogenous bone grafting, whereas prosthetic 
obturation has been the gold standard for maxillary rehabilitation. However, allogeneic bone and, to a lesser extent, xenogeneic bone have been used in combination with autogenous bone with some degree of success. Prosthetic devices, 
pedicled bone flaps, and, more recently, free vascularized bone-containing flaps have also been used, each having its own indications, limitations, and complications. An overview of each of these techniques is presented.

Bone Grafting in Mandibular Reconstruction

Several types of bone grafts have been used for mandibular reconstruction, including autogenous, homologous, and xenogeneic grafts. These grafts differ in their potential to cause host-graft immunologic response and in their 
osteoconductive/osteoinductive properties.

Autogenous Bone Grafts

Autogenous bone grafts, or autografts, are procured from the affected patient, usually from another body site. Autogenous grafting is the procedure of choice for mandibular reconstruction because it provides viable and immunocompatible 
osteoblastic cells as well as pluripotential mesenchymal cells that can differentiate into osteoblastic cells in the presence of bone morphogenic proteins. Autogenous bone graft sources used in mandibular reconstruction include the calvarium, 
rib, ilium, tibia, fibula, scapula, humerus, radius, and metatarsus.

Three forms of autogenous bone grafts can be harvested: cancellous, cortical, and corticocancellous. The form of graft to be used depends on the type of defect to be reconstructed.

Cancellous bone grafts consist of medullary bone and bone marrow. This type of graft contains the highest percentage of viable transplanted cells. Furthermore, because of its particulate structure and large surface area, cancellous bone 
becomes revascularized more rapidly, resulting in a higher percentage of cells surviving the transplantation procedure.[65] 
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Cortical grafts, conversely, are lamellar bone struts. The predominant cell type transferred in this type of graft is the osteocyte. Osteocytes rarely survive transplantation because of the relatively long amount of time needed for 
revascularization of this type of graft.

Corticocancellous grafts consist of a piece of cortical bone with its underlying cancellous portion. The advantage of this type of graft is that it provides not only viable osteoblastic cells but also the structural integrity necessary to bridge 
discontinuity defects. A drawback to large corticocancellous bone blocks is the slow revascularization of the cortical portion of the graft, sometimes resulting in decreased survival of the cancellous portion as well.

Homologous Bone Grafts



Homologous, or allogeneic, bone grafts are obtained from individuals within the same species. Obviously, because they are genetically dissimilar to the host, these grafts are a potential source of antigens. Their antigenicity is usually reduced 
by a process such as lyophilization. Unlike autogenous bone, allogeneic grafts do not provide viable cells. The cells garnered from allogeneic grafts are believed to contain osteoinductive elements that will "turn on" the host's pluripotential 
cells to differentiate into the osteoprogenitor cells. This type of graft material is often used as a bioresorbable crib or as an expander of autogenous bone graft when additional bone is difficult to obtain.

The most popular graft used in secondary mandibular reconstruction is a combination graft consisting of an allogeneic crib (usually a freeze-dried iliac bone or mandible) that is hollowed out and filled with autogenous corticocancellous bone 
chips.[31] The bone chips provide a sufficient amount of viable material for phase I bone healing whereas the crib acts as a biodegradable tray that is replaced by host bone during the remodeling phase of bone healing.

Xenogeneic Bone Grafts

Xenogeneic grafts, which were popular in the 1950s and 1960s, are transferred across species. Bovine bone has been used extensively in reconstructive surgery. Because of its high antigenic potential, this type of bone graft material is no 
longer widely used except in limited periodontal applications.

Graft Healing

Bone graft healing is unique. New bone is formed during the healing phase as opposed to scar, which would normally result in other types of connective tissue repair. Graft healing is termed incorporation. The quality and vascularity of the 
recipient bed, into which the graft is placed, plays a significant role in successful incorporation. The bed provides the cellular elements that are transformed into osteoblasts mediated by inductive factors contained within the bone graft. The 
bed also supplies the vessels that provide the nutrients needed to ensure survival of the transplanted osteoblasts contained within the compressed cancellous moiety of the bone graft.

Radiotherapy greatly affects the quality of the soft tissues. Radiation injury usually causes hypocellularity, hypovascularity, and hypoxia of the recipient bed, creating an environment that is inadequate for graft incorporation. Under these 
circumstances, adjunctive hyperbaric oxygen therapy has been used preoperatively to improve the quality of the recipient bed. Hyperbaric oxygen creates a marked oxygen tension gradient between the hypoxic radiated bed and the 
surrounding normal tissues. This leads to osteoangiogenesis and invasion of the hypoxic area by blood vessels and fibroblasts, which in turn improves the vascular and cellular components of the site, providing the elements required to 
support the incorporation of a free bone graft. When hyperbaric oxygen is not available, the quality of the soft tissues can be improved by the transfer of well-vascularized soft tissue such as pedicled myocutaneous flaps or, alternatively, the 
microvascular transfer of bone-containing flaps that have their own blood supply and do not rely on the recipient bed for revascularization.

Two-Phase Theory of Bone Graft Incorporation

Barth in 1893[3] and Axhausen in 1907[2] studied serial histologic specimens to better define the process of graft incorporation. They concluded that the vascularity of the recipient bed was critical in providing vessels that eventually invaded 
the inert graft and replaced it with living host bone. This concept, initially termed death and resurrection, became known as creeping substitution and remained unchallenged until the introduction of the two-phase theory of osteogenesis.

The first phase of osteogenesis consists of new osteoid formation from cells that survive and proliferate after transplantation.[32] This usually begins soon after the transplantation and can last up to 4 weeks. The amount of bone that is formed 
during this phase is proportional to the number of bone cells that survive the transplantation procedure. It is therefore important to provide the greatest number of cells per given volume to ensure adequate bone formation. Phase I determines 
the volume of the bone graft. The second phase of bone formation contributes little to the new bone mass. Phase II usually begins approximately 2 weeks after transplantation and lasts indefinitely, as long as the bone-remodeling process 
continues. This phase is marked by a period of intensive angiogenesis and fibrogenesis, followed by host
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bone formation. Fibroblasts and mesenchymal bone cells are induced by a substance present within bone that promotes their differentiation into osteoblasts that lay down new bone. Urist[58] proposed that this inductive substance that "turned 
on" the host mesenchymal cells was a protein aggregate of low molecular weight present in the bone matrix. This substance, which later became known as bone morphogenic protein, is acid insoluble but can easily be destroyed by heat in 
excess of 80°F, gamma irradiation, and proteolytic enzymes.

Other factors responsible for the differentiation of mesenchymal cells into chondrocytes and ultimately bone also have been described. For example, two cartilage-inducing factors have been isolated and characterized. However, experimental 
studies have shown that the cartilage-inducing factors alone were insufficient to cause endochondral bone formation when placed in ectopic, subcutaneous sites. Endochondral bone formation did occur when the cartilage-inducing factors 
were mixed with yet another bone protein, termed osteoinductive factor. It then became evident that these two factors must work in tandem to produce heterotopic bone formation. The best source of inductive substances is autogenous bone 
and demineralized allogeneic bone. The action of bone morphogenetic protein was found to be somewhat suppressed in nondecalcified allogeneic struts. Senn[47] and Narang and Wells[36] confirmed that demineralized allogeneic grafts 
outperformed similar nondemineralized grafts in terms of earlier calcification and ultimate incorporation to the host bone.

Donor Site Selection

In a thorough review of the literature, Ivy[22] reported that the first attempts at mandibular reconstruction with autogenous bone were accomplished using long bones such as the femur and tibia. Other sites that have been advocated include the 
ribs, cortical strips of iliac bone, and the fourth metatarsal (used in condylar head replacement).

Major advances in grafting techniques for mandibular reconstruction followed World Wars I and II, which resulted in significant numbers of patients with traumatic mandibular defects. Lindenman[27] reported clearly better results with iliac 
bone grafts in 160 patients than with tibial grafts, which were reported in his previous series. Waldron and Risdon reported similar results with use of the iliac bone.[44] [66] Chubb,[8] Billington and Round,[6] Ivy,[22] and others reported similar 
findings. By the end of the World War II, it had become apparent that a bone graft with a high percentage of cancellous bone was superior to one with cortical bone, as demonstrated by the increased rate of healing and graft incorporation and 
the higher rates of resistance to infection.[30] The iliac bone, rib, and calcarium are the donor sites of choice today for free bone grafts to the craniomaxillofacial region.

Iliac bone.

The ilium is an excellent donor site because of its ability to harvest cancellous bone, cortical strips, and corticocancellous blocks that can be "ground" down using a bone mill to provide corticocancellous bone chips. These in turn can be 
condensed into bone defects or packed in alloplastic or allogeneic bone cribs. Harvesting bone from the ilium can be performed through an anterior or a posterior approach ( Figure 71-1 ). The major difference between the two approaches is 
the amount of cancellous bone that can be harvested. Finally, when a small amount of bone is needed, a bone trephine can be passed through a small skin incision to harvest cancellous bone from the anterior iliac crest region. With the use of 



an open technique, approximately 50 mL of cancellous bone can be harvested from the anterior ilium.

Both the lateral and medial approaches to the anterior ilium have been described. It is generally believed that the anteromedial approach minimizes postoperative gait disturbance because the attachment of the 

 
Figure 71-1 Use of iliac bone as a source of cortical or cancellous bone. Note the amount of cancellous bone available in the anterior ilium (a and b) vs the amount available in the posterior ilium (c). 

 

Figure 71-2 Rib grafting in mandibular reconstruction. a, Rib contouring can be achieved through "Kurfing." b, The rib and costochondral junction are used to reconstruct the temporomandibular joint. 

 

Figure 71-3 Transosteal bone plate and screws used for fixation of a bone graft to the mandible. 

 

Figure 71-4 Classification of mandibular defects. P indicates defects of the hard or soft palate that require an obturator. (From Urken ML and others: Arch Otolaryngol Head Neck Surg 117:733, 1991.) 



 

TABLE 71-1 -- CLASSIFICATION OF BONE DEFECTS

Defect Abbreviation

Condyle C

Ramus R

Body B

Symphysis  

••Total S

••Hemi SH 

Palate P
 
that is difficult to reconstruct. The number of options in condylar replacement reflects the fact that no single technique is universally successful. The alternatives for reconstruction of the condyle include vascularized bone, costochondral 
grafts, and alloplastic condyles. Resection of the ramus of the mandible causes disruption of the masticator muscle sling. The division between defects of the ramus (R) and defects of the body (B) in the classification scheme is somewhat 
arbitrary. However, a defect of the ramus indicates a near-complete detachment of the muscles of mastication. Body defects extend to the mental foramen. Defects of the symphysis are divided into total (S) and partial (SH ) defects based on 
the degree of disruption of the suprahyoid and tongue muscle attachments and the difficulty of restoring the contour of the mandibular arch.

Palatal defects are included in the scheme for bone for a very important functional reason. Defects of the hard and/or soft palate that require placement of an obturator interfere with the sensory feedback from a large mucosal surface. Loss of 
this sensation imposes a significant deficit in the oral cavity that is already partially anesthetized as a result of an ablative procedure and the introduction of foreign denervated tissue.

Soft Tissue Defects

Classification of soft-tissue defects of the oral cavity is more challenging than that of bone defects because of the intricate three-dimensional (3D) geometry and the markedly different qualities of the soft tissue in different regions of the oral 
cavity. Classification becomes even more complex when consideration is given to the functional aspects related to the loss of motor activity of the tongue, the soft palate, or the muscles of facial expression.

In 1991, the authors introduced a detailed system for classifying soft tissue defects ( Table 71-2 ). The oral cavity and oropharynx were divided into different mucosal and myomucosal regions. The soft palate (SP) was divided into categories 
defined by hemi
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TABLE 71-2 -- CLASSIFICATION OF SOFT TISSUE DEFECTS

Defect Abbreviation

Mucosa M

Labial L

Buccal B

Soft palate SP

••Hemi SPH 

••Total SPT 

Floor of mouth FOM



••Anterior FOMA 

••Lateral FOML 

Pharynx PH

••Lateral PHL 

••Posterior PHP 
 
(SPH ) and total (SPT ) defects ( Figure 71-5 ). The pharynx (PH) was subdivided into lateral (PHL ) and posterior (PHP ) pharyngeal defects based on the requirements for soft tissue augmentation to restore function and prevent pharyngeal 
stenosis. Defects of the labial (L) and buccal (B) mucosa were classified according to the need to place a flap or skin graft to restore normal sulcular anatomy. The same is true of floor of 

 
Figure 71-5 Classification of mucosal defects of the oral cavity and oropharynx. (From Urken ML and other: Arch Otolaryngol Head Neck Surg 117:733, 1991.) 

 

Figure 71-6 Classification of mucosal defects of the oral cavity. (From Urken ML and others: Arch Otolaryngol Head Neck Surg 117:733, 1991.) 



 

Figure 71-7 Classification of myomucosal defects of the tongue, TM and TB refer to mobile tongue and tongue base, respectively. (From Urken ML and others: Arch Otolaryngol Head Neck Surg 117:733, 1991.) 

 

TABLE 71-3 -- CLASSIFICATION OF MYOMUCOSAL DEFECTS OF THE TONGUE

Defect Abbreviation

Mobile TM 

••One-quarter TM 1/4 

••One-half TM 1/2 

••Three-quarters TM 3/4 

••Nonfunctional TM NF 

Base TB 

••One-quarter TB 1/4 

••One-half TB 1/2 

••Three-quarters TB 3/4 

••Nonfunctional TM NF 

 
deficits is outlined in Table 71-4 . The division between the mentum (Cm ) and the cheek (Cch ) is based on a vertical line extending through the lateral oral commissures ( Figure 71-8 ). Perhaps one of the most challenging aspects of soft 
tissue reconstruction  

TABLE 71-4 -- CLASSIFICATION OF CUTANEOUS DEFECTS

Defect Abbreviation

Cheek CCH 

Neck CN 

Mentum CM 

Lips  

••Upper CUL 1/4 , CUL 1/2 , CUL 3/4 , CUL total 

••Lower CLL 1/4 , CLL 1/2 , CLL 3/4 , CLL total 

 
 
Figure 71-8 Classification of cutaneous and lip defects. (From Urken ML and others: Arch Otolaryngol Head Neck Surg 117:733, 1991.) 



 

TABLE 71-5 -- CLASSIFICATION OF NEUROLOGIC DEFECTS

Defect Abbreviation

Hypoglossal NH 

Lingual NL 

Facial NF 

Inferior alveolar NIA 

Bilateral NB 
 
of the soft tissue component relative to the bone to allow accurate reconstruction of the intricate 3D soft tissue anatomy of the oral cavity.

During the time that much attention was being focused on regional flaps for head and neck reconstruction, developments were slowly being made in the microvascular transfer of a variety of vascularized bone flaps. The first reported 
vascularized bone-containing free flap (VBCFF) was used by McKee in 1970 to reconstruct the mandible.[24] It was not until 1978 that the first large series of mandibular reconstructions using VBCFFs was published.[30] Eight different donor 
sites have been reported in the literature for harvesting VBCFFs to be used in oromandibular reconstruction: ilium, scapula, radius, fibula, rib, humerus, metatarsus, and ulna.

Before discussing these donor sites and their relative use, it is important to separate the bone and soft tissue components of the composite flaps to discuss the ideal qualities of each. The most desirable qualities for bone used in reconstruction 
of the mandible include the following: (1) it is of adequate length to restore a segmental defect of nearly any length; (2) it has a natural shape or easy contourability to conform to and restore the shape of the missing mandibular segment; (3) 
it is well vascularized; (4) it has a vascular anatomy that is readily preserved while contouring the graft; (5) it is of sufficient height and width for reliable placement of endosteal dental implants for prosthetic rehabilitation; and (6) there are 
no significant functional or aesthetic deficits at the donor site after harvest. Any composite flap should have a consistent vascular anatomy with a pedicle that is long enough and of sufficient diameter to permit easy revascularization through 
anastomoses to recipient vessels in the neck. In an effort to shorten the total operative time, it also is beneficial to select a donor site that permits harvest of the flap by a second team of surgeons at the same time that the oncologic surgical 
procedure is performed and the recipient site is prepared.

The soft tissue component of the VBCFF is of equal or greater importance than the bone component in achieving the optimum functional result. Management of the tongue after floor of mouth resection or partial glossectomy is critical. 
There is currently no way to restore functional tongue musculature after ablation. However, one of the major goals in soft tissue reconstruction is to ensure that the remaining tongue mobility is preserved. This is achieved through the use of a 
pliable and redundant segment of tissue. A split-thickness skin graft or a thin sensate cutaneous flap is ideal for that purpose. When the resection is limited to the floor of the mouth and the lateral aspect of the tongue, the former technique is 
quite
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adequate.[54] When a significant portion of the tongue has been removed, a thin, cutaneous flap (e.g., the radial forearm free flap) can be fashioned to restore the volume, shape, and sensation while preserving overall tongue mobility. 
Therefore, the ideal qualities of the soft tissue component of a VBCFF are as follows: (1) it is abundant; (2) it is well vascularized; (3) it is thin and pliable; (4) it has adequate mobility relative to the bone to permit easy reconstruction of the 
3D oral cavity and oropharyngeal anatomy; (5) it is sensate; (6) it is lubricated; and (7) there is minimal donor site morbidity. No single VBCFF currently provides all of these soft tissue qualities.

Rib

The rib was the first vascularized bone to be used in mandibular reconstruction. It has been transferred to the oral cavity through a variety of techniques.[41] The direct blood supply to the rib may be based anteriorly on a branch of the internal 



mammary artery or posteriorly or posterolaterally on the posterior intercostal vessels. The approaches provide a VBCFF composed of skin and a segment of rib. Alternatively, vascularized rib has been transferred with the pectoralis major, 
serratus anterior, or latissimus dorsi muscle as the carrier. The primary drawback to the use of the rib is its poor bone stock except for condylar reconstruction, regardless of the vehicle for maintaining its nutrient blood supply. 
Osteocutaneous flaps are limited because of the tenuous blood supply to the skin from an anterior approach and the risky dissection via a posterior approach. The rib has been relegated to a flap of historical interest in light of the alternatives 
now available for oromandibular reconstruction.

Metatarsus

The metatarsus was the next reported VBCFF used in mandibular reconstruction.[5] This osteocutaneous flap based on the first dorsal metatarsal artery transfers a segment of thin, sensate skin with the second metatarsal. Use of this flap for 
small segmental defects is advantageous because of the quality of the skin; it is the thinnest sensate flap available in the body. However, the bone volume is limited, and the skin-grafted donor site on the dorsum of the foot is prone to 
breakdown from direct trauma. For these reasons, this donor site is not often used.

Ilium

The length, natural curvature, and volume of bone that can be harvested from the ilium have made this a valuable source of VBCFFs for oromandibular reconstruction. The iliac crest is the only vascularized bone that has been used 
extensively with simultaneous or delayed endosteal dental implant placement, permitting functional dental restoration. This iliac crest and the overlying skin were initially transferred based on the superficial circumflex iliac artery. However, 
this vascular pedicle provided a tenuous supply to the bone and a variable anatomy that made it a difficult flap to harvest. Taylor, Townsend, and Corlett[53] [54] introduced the use of this donor site based on the deep circumflex iliac artery, 
which provided a more favorable and more consistent vascular pedicle as well as a hardier blood supply to the bone through both the periosteal and direct endosteal feeders.

The introduction of the osteocutaneous iliac crest flap, based on the deep circumflex iliac artery, was one of the major landmarks in free-flap reconstruction of the oral cavity. Although it provided vascularized bone of excellent quality, the 
associated skin paddle was not ideal for relining the oral cavity. The skin and subcutaneous tissue were often too thick for accurate restoration of the 3D anatomy. In addition, the blood supply to the skin may be tenuous. It is derived from 
fine musculocutaneous perforators that run in an array along the inner aspect of the iliac crest, coursing through the transversus abdominis muscle and the internal and external oblique layers of the abdominal wall. That blood supply to the 
skin can be easily compromised when the skin is manipulated relative to the bone.

A second soft tissue flap was added to the osteocutaneous flap by Ramasastry, Granick, and Futrell,[43] who described the combination of the internal oblique muscle vascularized through the ascending branch of the deep circumflex iliac 
artery. When first introduced in 1984, this osteomyocutaneous flap was used for reconstruction of the extremities.[39] The attractive feature of this composite flap was that it provided a broad sheet of internal oblique muscle that had an axial-
pattern blood supply, improving both its reliability and its maneuverability relative to the bone (see Figure 71-8 ). The denervated muscle undergoes atrophy that leaves a thin, fixed, soft tissue coverage over the bone. The authors introduced 
this flap in 1989 for oromandibular reconstruction. In an effort to restore sulcular anatomy and maintain maximal tongue mobility, a redundant split-thickness skin graft is placed over the muscle ( Figure 71-9 ).[56] [57] 

The skin paddle is used as an external monitor or to resurface cutaneous defects when reconstructing composite defects involving mucosa, bone, and skin. When used solely as a monitor, it is subsequently removed to provide a more pleasing 
contour to the neck. The subcutaneous tissue in the flap can be maintained to augment radical neck deformities.

One of the limitations of this flap is related to the donor site, where a meticulous closure is required to
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Figure 71-9 Iliac crest-internal oblique muscle osteomyocutaneous flap. The three major components of this composite flap are supplied by the deep circumflex iliac artery and vein. (From Urken ML and others: J Reconstr Microsurg 5:203, 
1989.) 

 

Figure 71-10 Palatomaxillary defect, class Ia. Involvement of the hard palate without a defect of the tooth-bearing alveolus. 

 

Figure 71-11 Palatomaxillary defect, class Ib. Involvement of any portion of the maxillary alveolus and dentition posterior to the canines or involvement of the premaxilla. 



 

Figure 71-12 Palatomaxillary defect, class II. This class includes any defects involving any portion of the tooth-bearing maxillary alveolus including only one canine but that cannot cross the midline, as well as anterior transverse 
palatectomy defects involving less than half of the hard palate surface. 

 

Figure 71-13 Palatomaxillary defect, class III. This class includes any defects involving any portion of the tooth-bearing maxillary alveolus including both canines, anterior transverse palatectomy involving more than half of the hard palate 
surface, and total palatectomy defects. 

 

Figure 71-14 Transposition of the internal oblique muscle over the neomandible allows resurfacing with pliable, well-vascularized tissue that undergoes progressive atrophy as a result of denervation. A split-thickness skin graft placed over 
the muscle with bolsters permits reestablishment of the sulci at the time of primary reconstruction. In addition, skin graft placed against the cut portion of the tongue or floor of the mouth maintains maximum mobility of tongue. (From Urken 
ML and others: J Reconstr Microsurg 5:203, 1989.) 

 

Figure 71-15 Intraoral view at 6 months after left hemimandibular reconstruction with an internal oblique-iliac crest osteomy-ocutaneous flap. 

 

Figure 71-16 Dental rehabilitation of this one-quadrant defect with a tissue-borne prosthesis is facilitated by sulcular extensions created by redundant skin graft placed over the internal oblique muscle. Denture retention is achieved through 
the surface area obtained from restoration of the sulcular anatomy and clasps to the residual dentition. 



 

Figure 71-17 Preoperative appearance of a 52-year-old man after left composite resection and postoperative radiotherapy. 

 

Figure 71-18 Intraoral view 4 months after reconstruction with an iliac crest free flap in which osseointegrated implants were placed primarily. Implants were activated and loaded to support an implant-assisted lower denture. 

 

Figure 71-19 Dental rehabilitation with a functional prosthesis with retention and stability achieved through the two implants. 

 

Figure 71-20 A removable prosthesis attaches to dental implants through a ball-and-socket connection. 

 

Figure 71-21 Primary left hemimandibular reconstruction with an iliac crest free flap. Three dental implants were placed primarily into a vascularized bone graft. 

 

Figure 71-22 Intraoral view 5 months after surgery reveals one-quadrant restoration with an implant-borne fixed lower denture. 
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Chapter 72 - MAXILLOFACIAL PROSTHETICS FOR HEAD AND NECK DEFECTS

Jeffery C. Markt 
Thomas J. Salinas 
William Donald Gay 

INTRODUCTION

Maxillofacial prosthetics comprises a subspecialty of prosthodontics directed toward the prosthetic habilitation of patients with congenital maxillofacial defects, the prosthetic rehabilitation of patients with acquired maxillofacial defects, and 
the medical management of patients undertaking treatment for essentially any maxillofacial pathosis. Maxillofacial prosthodontists are often involved in hospital-based multidisciplinary craniofacial and cleft lip and palate teams and head and 
neck oncology teams either as institutional staff members or participating private practitioners. The maxillofacial prosthodontist's role in patient care often begins with an otolaryngology or oral and maxillofacial surgery referral at the onset 
of a diagnosis, because the prosthodontist's contribution early in the course of a patient's care can foster the prosthetic management necessitated by either the patient's condition or the treatment of the condition. This is true for patients 
affected by congenital anomalies or trauma-related anatomic deficits, as well as oncologic patients treated primarily by ablative surgery, radiation therapy alone, or combinations of surgery, radiation therapy, and chemotherapy.

Because the treatment of head and neck cancer has evolved into a complex multidisciplinary approach, the maxillofacial prosthodontist's participation in the tumor boards of centers actively treating oncology patients can be quite meaningful. 
The prosthodontist's diagnostic input before a surgical ablation can facilitate the reconstructive phase of virtually all head and neck oncology patients regardless of the primary site, because prosthetic care may address common issues relating 
to routine dental health and occlusal rehabilitation as well as matters as diverse as dysphonia, dysphagia, and facial cosmesis. Additionally, the maxillofacial prosthodontist's diagnostic contribution for patients who have or will be treated 
with radiation therapy can aid in the prevention of osteoradionecrosis, and obtund or prevent mucosal or dental disease in patients suffering from early or late effects of radiation therapy. The maxillofacial prosthodontist's role in evaluating 
dose distributions to facilitate safe oral surgical care when it is necessary after radiation therapy is also paramount.

This chapter reviews some of the duties of maxillofacial prosthodontists associated with multidisciplinary head and neck oncology teams from the perspective of three staff maxillofacial prosthodontists in different tertiary care settings. 
Although the chapter principally relates to an oncology population, the sections pertaining to intraoral and extraoral prosthetic rehabilitation correspond quite readily to patients whose defects are traumatically acquired or congenital.

MAXILLOFACIAL PROSTHETICS AND THE RADIATION ONCOLOGY PATIENT

Given the treatment of head and neck neoplasms often involves radiation therapy alone or in combination with surgical ablation or chemotherapy, it is useful for the maxillofacial prosthodontist to become involved in patient care during the 
diagnostic phase of any proposed intervention. Since the risk for osteoradionecrosis is increased when a poor dentition is allowed to remain within irradiated maxillary or mandibular alveolar bone, a thorough evaluation of the dentition and 
periodontium is extremely useful in establishing dental prognoses before the initiation of radiation therapy. Additionally, as the xerostomia induced by a majority of head and neck radiation fields requires an increased diligence respecting 
home care and follow-up during and after radiation therapy, the maxillofacial prosthodontist's early consultation

1640



can lend to prevention of dental disease that could later contribute to added debility, possibly including osteoradionecrosis.

Since many head and neck cancers are treated by surgical ablation followed by radiation therapy, the maxillofacial prosthodontist's diagnostic efforts should be performed preoperatively so any necessary oral surgical interventions can be 
accomplished in conjunction with the otolaryngologist's surgical encounter. This allows a sufficient amount of time for mucosal and alveolar bone healing before the initiation of radiation therapy, which usually occurs 6 weeks later. Patients 
whose dentoalveolar evaluations are accomplished after ablative surgeries are sometimes fast approaching a juncture in their care when radiation therapy should expeditiously commence in the interest of controlling local and regional 
oncologic disease when delays associated with healing oral surgical wounds may be unacceptable. Likewise, the maxillofacial prosthodontist must consider similar delays in the initiation of radiation therapy when treatment plans call for 
primary radiation therapy or radiation therapy to be delivered concurrently with chemotherapy in the absence of an ablative surgical encounter.

DENTAL DIAGNOSES AND ORAL SURGICAL MANAGEMENT PRECEDING RADIATION THERAPY

Any dentoalveolar evaluation in preparation for radiation therapy should include a thorough assessment of the periodontium as well as the dentition and should be done with the intent of establishing lifelong prognoses for those teeth likely to 
be included in radiation therapy fields anticipated to receive doses in excess of 5000 cGy.

Extractions are indicated for teeth with poor prognoses meeting the criteria listed in Box 72-1 . * Although the assessment is accomplished in the interest of preventing osteoradionecrosis, it is also done considering the potential for any 
prosthetic rehabilitation that may become necessary. Because this assessment requires consideration of primary tumor size and location as well as regional lymph node status, diagnostic information gleaned through participation in 
multidisciplinary head and neck tumor board conferences supplements decisions made in the dental clinical setting, where medical imaging is limited and endoscopy is not typically available.

In addition to an evaluation of the dentoalveolar structures, the maxillofacial prosthetic assessment includes intraoral and extraoral palpation and visualization of hard and soft head and neck tissues, panoramic radiography, and intraoral 
radiography of those teeth thought to be sound enough to retain vis-à-vis imminent radiation therapy. Although the intraoral radiography generally includes routine bitewing and periapical exposures, occlusal radiographs are sometimes 
helpful for staging by establishing bony erosion associated with oral cavity lesions affecting the gingivae, buccal or palatal mucosa, or the floor of mouth.

 
 

Box 72-1. CLINICAL PRESENTATIONS LEADING TO THE ASSIGNMENT OF QUESTIONABLE OR 
POOR LIFELONG PROGNOSES

- 5-mm periodontal pockets
- Class I, II, or III furcation involvement
- Active endodontic or periapical pathosis
- Mobile primary teeth
- Nonrestorable teeth
- Nonfunctional or unopposed teeth
- Impactions

 
 
With respect to the periodontium, teeth with periodontal sulci equal to or greater than 5 mm in depth may be assigned poor prognoses and should be considered candidates for extraction before radiation therapy. Likewise, teeth with 
mucogingival defects or furcation involvement should be given similar prognoses and should be considered for extraction. Although prior successful endodontic treatment should not necessarily condemn a tooth for extraction, the 
unpredictability of endodontically treating active periapical or pulpal pathoses in the usually limited time available before radiation therapy should give rise to enough caution that the extraction of endodontically involved teeth should be 
strongly considered. Although gingival recession is not in itself a definite indication for exodontia in the absence of deep periodontal sulci, consideration must be given to the maintenance of radicular surfaces exposed to the xerostomic oral 
environment as a result of recession, because cementum is more prone to the development of inoperable carious lesions than is the more mineralized coronal enamel.

With regard to the dentition, mobile primary teeth should be extracted from alveolar bone to be irradiated, as should any unrestorable teeth. If no plan is or can be made to restore the occlusion of unopposed posterior teeth that will be 
irradiated, consideration should be given to their extraction, because subsequent supraeruption can contribute to expansive gingival embrasures that are difficult to maintain free of

*References [5] [6] [8] [9] [28] [32] [33] [35] [37] [43] [50] [52] [56] . 
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plaque and food debris, possibly resulting in localized periodontitis or radicular carious lesions that are difficult or even impossible to repair. Although extracting impacted teeth from alveolar bone soon to be irradiated is meritorious, 
consideration should be given to the length of healing time often required of associated surgical sites. This is particularly true of impacted third molars that carry an increased risk for developing acute alveolar osteitis. When deciding whether 
an impacted tooth should be extracted before radiation therapy, the impacted tooth's likelihood of erupting enough to gain exposure to the oral environment should be considered. If a bony impacted tooth is unlikely to erupt permucosally, the 
relative risk of it contributing to a future osteoradionecrosis should be judged low and the tooth should be allowed to remain in situ, unless of course there is a pathosis associated with the tooth that overrides a conservative approach. 
Conversely, an impacted tooth within a proposed radiation field whose anatomic position suggests a potential for intraoral eruption should be deemed a candidate for extraction before radiation therapy.

The presenting or oftentimes soon to be rendered edentulous or partially edentulous conditions of many newly diagnosed head and neck cancer patients also demands evaluation of maxillary or mandibular exostoses, tori, and tuberosities 
primarily in preparation for removable, but sometimes fixed, prosthodontic rehabilitation after the completion of oncologic care. Preprosthetic surgery to include the removal of tori and exostoses, and the reduction of tuberosities that could 
prove obtrusive relative to future prosthetic considerations, should coincide with any necessary exodontia as far in advance of radiation therapy as possible. The reduction of these anatomic structures can improve prosthetic bearing areas and 
reduce the risk of prosthetic induced mucosal violations that could initiate osteoradionecrosis. While the completion of such preprosthetic surgery before radiation therapy is paramount for those structures lying within proposed radiation 
fields, the extended mucogingival flaps required for removing bony prominences requires consideration for the removal of such prominences, even if their juxtaposition to the primary field does not lend to an anticipated dose exceeding 5000 



cGy.

Patients using removable prostheses should be advised to minimize prosthetic use during and immediately after radiation therapy to diminish the risk of exacerbating mucositis underlying intaglio prosthetic surfaces, particularly when 
prostheses are ill fitting and radiation therapy fields directly encompass the oral cavity. Even small prosthesis-related mucosal ulcerations could result in the exposure of alveolar bone and the initiation of osteoradionecrosis. When oral cavity 
mucositis is anticipated, restorative dental care of high priority should be expeditiously endeavored considering the fact that compromised patient comfort will make restorative dental care difficult or impossible after as little as 1000 to 2000 
cGy of radiation. Routine dental prophylaxes should also be sought before head and neck radiation therapy because the relative absence of plaque and calculus could diminish the severity of gingival mucositis induced by direct oral cavity 
irradiation and could decrease the potential for cariogenic dental colonization associated with xerostomia. Additionally, a hiatus in orthodontic care could be considered for those whose radiation therapy coincides with orthodontia because 
the removal of bands, brackets, and wires could lend to a diminution of trauma to inflamed mucosal surfaces.

For patients retaining a full or partial natural dentition whose head and neck radiation therapy will induce xerostomia, it is important to institute a daily and lifelong regimen of fluoride gel use to concur with the initiation of radiation therapy. * 

This is true for patients whose retained dentition is or is not encompassed by radiation therapy fields. Dental casts generated from clinical impressions recorded before radiation therapy but subsequent to any oral surgical procedures in 
preparation for the radiation therapy should be used to fashion thermoplastic vinyl fluoride gel carriers ( Figure 72-1 ) into which topical fluoride gel can be applied. After routine brushing and flossing, patients should be instructed to place 
pharmacy-prescribed 1.1% neutral sodium fluoride or 0.4% stannous fluoride gel into the dental aspects of the fluoride gel carriers before applying them to their dentition for 5 to 10 minutes every day indefinitely. The topical fluoride 
application should be followed by expectoration of excess gel and a period of 30 minutes during which the patient is encouraged not to rinse, eat, or drink.

PROSTHODONTIC SUPPORT OF THE RADIATION ONCOLOGIST

The maxillofacial prosthodontist may be called on to lend support to the radiation oncology team in their efforts to manage dosimetry by way of patient posturing,[1] [4] [14] [16] anatomic displacement or shielding,[1] [8] [22] [29] [32] fabrication of 
brachytherapy appliances,[8] [59] or construction of devices capable of mimicking normal tissues.[1] [8] [29] These devices should be constructed after any oral surgical procedures anteceding radiation therapy, but before radiation therapy simulation, 
because the devices should be positioned during simulation.

*References [5] [6] [8] [9] [21] [28] [30] [31] [32] [33] [34] [37] [52] [57] . 
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Figure 72-1 A, Thermoplastic vinyl fluoride gel carriers. B, Models on which thermoplastic vinyl fluoride gel carriers are made. 

 

Figure 72-2a A, Basal cell carcinoma of the nasal bulb to be treated with external electron beam radiation therapy. B, Facial moulage being recorded. C, Facial moulage prepared for casting. 



 

Figure 72-2b D, Model on which the wax bolus was fabricated. E, Frontal view of the bolus. F, Lateral view of the bolus. G, Intaglio surface view of the bolus. 

 

Figure 72-3a A, Panoramic radiograph of a patient's status after segmental mandibulectomy, total glossectomy, floor of mouth resection, and microvascular fibula free flap reconstruction for a squamous cell carcinoma. B, Models of the 
maxillary and neomandibular structures articulated in relation to one another. C, Wax pattern of the proposed positioning device before its completion. The wax pattern covers the microvascular free flap tissues in the area of the floor of 
mouth once occupied by the oral tongue. Bilateral pillars engage the maxillary model to maintain a consistent maxillomandibular relationship during each radiation therapy fraction. D, Clinical view of the anterior aspect of the 
polymethylmethacrylate positioning device. A segment of orthodontic wire placed within the mid-sagittal plane of the positioning device identifies the dorsum of the microvascular free flap structures during radiation oncology simulation 
and ensures its inclusion in proposed radiation therapy fields. 

 

Figure 72-3b E, Simulation radiograph exposed with the positioning device positioned intraorally. 



 

Figure 72-4 A, Clinical frontal view of a Lipowitz's alloy-containing shielding device used during external electron beam radiation therapy for a squamous cell carcinoma of the lower lip. The device was held in its interocclusal position 
during fractionation and served not only to shield normal anatomy but also to anteriorly displace the labial tissues being treated from posterior structures to be spared of radiation. B, Clinical frontal view of a Lipowitz's alloy-containing 
shielding device with the patient's lips retracted. C, Extraoral view of the shielding device. 

 

Figure 72-5 A, Medial view of a shielding device positioned on the articulated models on which it was constructed. The device was fashioned for use during radiation therapy for a left parotid gland adenoid cystic carcinoma. The device is 
shown to extend as far into the oropharynx as the patient will allow without gagging. B, Lateral view of the device demonstrating that portion of the polymethylmethacrylate intended to displace buccal tissues in an ipsilateral direction to 
further separate tissues to be treated from those that should not be treated. C, Anterior view of the device demonstrating its contralateral extension. By asking the patient to anteriorly position the tongue during radiation therapy simulation 
and treatment, the tongue is displaced away from the source of unilateral radiation. D, Clinical verification of the fit of the device before it is filled with Lipowitz's alloy. E, The device is hollowed from the medial side before being loaded 
with Lipowitz's alloy. F, The finished device with orientation markings to aid positioning. 



 

Figure 72-6 A, Anterior view of articulated maxillary and mandibular models and the wax pattern used to generate an intraoral device that serves to repetitively position the mandible and oral tongue and support a diaphragm to be filled with 
water during radiation fractionation. The water-containing diaphragm thus occludes maxillectomy defects and serves as a tissue-equivalent material. B, Left lateral view of the wax pattern. C, Inferior view of the wax pattern demonstrating 
an axial shelf to inferiorly confine and exclude the oral tongue from the radiation fields. D, Anterior view of the finished intraoral device. E, Anterior view of the positioned intraoral device demonstrating the diaphragm-supporting shelf 
situated immediately inferior to the maxillectomy defect. 



 

Figure 72-7 A, Orbital exenteration site for a patient whose positive melanoma margins necessitated postoperative brachytherapy. B, Brachytherapy device in position demonstrating accessibility to catheters for radioisotopic seeding and 
treatment. 

 

Figure 72-8a A, Bilateral parallel opposed simulation radiograph for a patient who undertook radiation therapy after a total laryngectomy for a squamous cell carcinoma. The exclusion of dentoalveolar structures anterior to the field 
boundaries allowed for the safe extraction of the remaining carious dentition without adjuvant hyperbaric oxygen therapy. The patient's treatment plan includes the placement of endosseous titanium implants in the parasymphyseal mandible 
to enhance removable prosthetic retention. 

 

Figure 72-8b B, Appositional anteroposterior simulation radiograph delineating the supraclavicular field associated with the patient's radiation therapy. 



 
†References [8] [23] [32] [33] [37] [38] [42] [52] . 
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therapy sessions, such scenarios warrant erring on the side of caution with the assumption that affected field border areas could become osteoradionecrotic after a surgical insult.

Likewise, when ipsilateral dentoalveolar structures are found within unilateral treatment fields where photon doses exceeded 5000 cGy, it can be assumed that ipsilateral oral surgical procedures within that field would place a patient at great 
risk for osteoradionecrosis. Conversely, the risk for contralateral oral surgically induced osteoradionecrosis can be relatively low for such a patient, considering the fact that only about one-third of a conventionally prescribed photon dose 
would reach contralateral dentoalveolar structures. However, since the use of electron beams; uniform, oblique, or wedged pair multiple fields; or appositional fields can complicate dosimetric deductions made with the use of simulation and 
portal radiographs and a medical record narrative, it is always reasonable to confer with the radiation oncologist or physicist when questions arise before invasive oral surgical procedures because the potential debility associated with the 
precipitation of osteoradionecrosis merits such caution.

In contrast to conventional 3D conformal radiation therapy, in which patient and gantry positions remain static during each treatment fraction, intensity-modulated radiation therapy is delivered by way of a mobile collimator that arcs across 
several swaths of parallel appositional fields while two rows of tungsten leaves within the collimator ( Figure 72-9 ) concentrically open and close to strategically deliver radiation to targeted tissues while sparing normal structures of the 
highest radiation burdens. [16] [17] [18] [19] [24] Intensity-modulated radiation therapy simulation is 

 
Figure 72-9 A, MlMiC collimator showing two rows of tungsten leaves in their closed positions. B, MlMiC collimator showing the tungsten leaves in their opened positions. 

 

Figure 72-10a A, Computed tomographic illustration of intensity-modulated radiation therapy isodose lines for a patient treated for a left tonsillar squamous cell carcinoma. The development of a second primary squamous cell carcinoma in 
the area of the right maxillary palatal mucosa after intensity-modulated radiation therapy necessitated a right inferior maxillectomy. The subsequent development of osteoradionecrosis in the area of the maxillectomy is substantiated by the 
cumulative dose of radiation in the area of the posterior right maxilla. The axial image demonstrates dosages delivered to the dentoalveolar structures at a level midway between the crestal alveolar bone and the periapices of the right 
maxillary molars. 



 

Figure 72-10b B, The patient's left tonsillar tumor bed was boosted during the administration of intensity-modulated radiation therapy. The computed tomographic axial image delineates the additional dosages that were received during the 
boost in the area of the right posterior maxilla. The collective dose to the right posterior maxilla in the area of subsequent postoperative osteoradionecrosis approximated 7000 cGy and warranted a hyperbaric oxygen therapy regimen that 
indeed mitigated the osteoradionecrosis. 

 

Figure 72-11 Preoperative assessment of patient with squamous cell carcinoma of the anterior maxilla. The maxillectomy was planned to include removal of six teeth with split-thickness skin graft to buccal aspect of cheek flap and defect. 

 

Figure 72-12 Panoramic radiograph of patient with mucoepidermoid carcinoma of the left posterior maxilla. Anterior osteotomy site is to be made through socket of the upper left first premolar. Note the impacted third molar, left side. 

 

Figure 72-13 Postoperative panoramic radiograph of patient in Figure 72-12 . Note removal of maxillary segment and impacted lower third molar with ample healing time before radiation therapy. 

 



Figure 72-14 Diagnostic cast made from a patient to undergo maxillectomy. Blue area to be included in resection and black wire diagrams denote abutment teeth to be used for surgical prosthesis. 

 

Figure 72-15 Surgical prosthesis tried in for proper fit, then surgical bolster added with xeroform gauze, denture-conditioning material, and stainless steel ligatures securing to place for 5 to 7 days. Note split-thickness skin graft sewn in 
lateral cheek flap. (Surgery performed by Gary Clayman, DDS, MS.) 

 

Figure 72-16 At pack removal, interim obturators made from modification of surgical prosthesis. Right photograph is for edentulous patient. Patients are instructed on defect hygiene and placement/removal of prosthesis. 

 

Figure 72-17 Definitive obturator made with cast chrome base for resection of pleomorphic adenoma. 

 

Figure 72-18 A, Implant-retained obturator with sinus augmentation and, B, stress-breaking bar attachment of nondefect side. 



 

Figure 72-19 Use of extended-length implants that traverse lateral aspect of maxillary sinus and engage dense zygoma. Such implants obviate the necessity for sinus augmentation for installation of conventional endosseous implants. 
(Courtesy of Samuel Zwectchenbaum, DDS.) 

 

Figure 72-20 Implant placement performed with mandibular inferior alveolar nerve repositioning. 

 

Figure 72-21 A, Patient with squamous cell carcinoma resected at left alveolar ridge. B, Onlay bone grafting with iliac crest and endosseous implants. (Courtesy of Michael Miloro, DMD, MD.) 

 

Figure 72-22 A, Patient with squamous cell carcinoma resected by marginal mandibulectomy. Remaining decimated dentition insufficient to support prosthesis. B, Placement of implant supported by prosthesis 2 months after resection. Note 
remodeling of alveolus in comparison with postoperative Panorex. (Courtesy of William Lydiatt, MD, and Michael Miloro, DMD, MD.) 



 

Figure 72-23 A, Mandibular composite resection without reconstruction resulting in, B, significant mandibular deviation. 

 

Figure 72-24 Proximal segment without reconstruction. Results in deviation and displacement against maxillary posterior ridge. 

 

Figure 72-25 Osteosarcoma of mandible resected and reconstructed with vascularized fibula and end endosseous implants. (Courtesy of William Lydiatt, MD, and Perry Johnson, MD.) 

 

Figure 72-26 Screw-retained ceramometal prosthesis replacing right mandible from patient in Figure 72-13 . 



 

Figure 72-27 Palatal augmentation prosthesis used for improved patterns of swallowing and speech in this patient status after tumor-ablative surgery for squamous cell carcinoma in base of the tongue. 

 

Figure 72-28 Patient with soft palate resection restored with speech aid or pharyngeal obturator prosthesis. 

 

TABLE 72-1 -- PROSTHETIC MANAGEMENT OF FACIAL DEFECTS

 Advantages Disadvantages Ideal Defect

Nasal Postsurgical inspection; color, contour Longevity; daily removal; retention without implants; hygiene 
dependent

Total rhinectomy including nasal bones; central location; 
nasolabial fold intact; STSG in anterior floor; craniofacial 
implants

Orbital    

Scleral shell Postsurgical inspection; longevity; color, contour; no surgical equivalent Daily removal; small space, thin; hygiene dependent Scleral contents removed; spherical implant

Custom ocular prosthetics Postsurgical inspection; longevity; color, contour; no surgical equivalent Periodic removal; hygiene dependent Total eye removal; implant posteriorly



Oculofacial Postsurgical inspection; color, contour; no surgical equivalent Longevity; daily removal; retention without implants; hygiene 
dependent

Confined to orbit; no irregular margins; brow in normal location; 
STSG, implants

Auricular Postsurgical inspection; color, contour Longevity; retention without implants; hygiene dependent Total rhinectomy; minimal extension; STSG, implants

STSG, Split-thickness skin graft.
 
place it without the sometimes irritating effects of an adhesive. Where possible, this is the retention of choice, particularly for large facial prostheses.

Previously irradiated patients may not be good candidates for craniofacial implants due to compromised blood supply to the supporting bone. However, implant placement within the first 3 months after radiation is possible due to the delayed 
tissue response. Use of hyperbaric oxygen treatments in irradiated patients also improves the bone and soft tissue response to implant placement. Patients with facial prostheses must have good manual dexterity and the ability to keep the 
prosthesis and defect clean.

A psychosocial support system of family or friends helps to ensure success in dealing with a facial prosthesis, especially for older patients. Those without this support and the dexterity required may have difficulty and cease wearing the 
prosthesis. The patient's willingness to accept the defect and cope with it as well as his or her ability to maintain reasonable expectations are of paramount importance. The most cosmetic and retentive prosthesis is still a failure if the patient 
cannot deal with it. Interdisciplinary discussions between the surgeon and the maxillofacial prosthodontist before or during surgery will be helpful in the management of the primary disease and the postoperative rehabilitation of the patient. 
Although the eradication of disease and the preservation of the patient's life are the first priority, there are intraoperative procedures the surgeon can complete that will greatly enhance the tissues surrounding the defect for support and 
retention of a prosthesis. These procedures are best discussed according to the type of facial defect involved. The most common types of facial surgical defects are the nasal, auricular, and orbital.

Nasal Defects

There are many variations of acquired defects caused by ablative surgery involving the nose. Where there is a relatively small, isolated defect, a split- or full-thickness skin graft can be used if primary closure is not feasible. In these cases, 
prosthetic management need not be considered unless the surgeon wishes to observe the defect for an extended period of time. Defects involving greater areas including not only skin but bone, subcutaneous tissues, and mucosal lining can be 
reconstructed using various flap procedures with or without autogenous support. If more than half the nose is resected, a complete rhinectomy should be considered. Alar tabs or unsupported tissue surrounding the defect do nothing for 
prosthetic support and, in fact, hinder the fabrication of a cosmetic prosthesis. Although it may be possible for the patient to wear a prosthesis, more margins will be visible, thus compromising the aesthetic value. Centrally located defects, 
leaving the nasolabial folds intact with surrounding supported tissue, provide the best base for restoration ( Figure 72-29 ). Those defects that extend
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Figure 72-29 Small, centrally located nasal defect with nasolabial folds intact and no involvement of the upper lip. 

 

Figure 72-30 Nasal defect restored with a prosthetic nose. 

 

Figure 72-31 Auriculectomy defect with split-thickness skin graft in place and a bar splint supported by craniofacial implants. Notice the presence of the tragus. 



 

Figure 72-32 Prosthetic ear in place with the tragus masking the anterior margin. 

 

Figure 72-33 Orbital exenteration defect lined with a split-thickness skin graft that does not extend beyond the orbital rim. 

 

Figure 72-34 Oculofacial prosthesis in place with margins masked by glasses. 
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Chapter 73 - BENIGN AND MALIGNANT TUMORS OF THE NASOPHARYNX

Ranjiv Sivanandan 
Willard E. Fee Jr. 



INTRODUCTION

The variety of surface epithelia, lymphoid stroma, and connective tissue components in the nasopharynx theoretically allows for a diverse spectrum of benign and malignant tumors to arise from within its confines. Primary tumors of the 
nasopharynx, however, are relatively rare. Fu and Perzin, in a 35-year review of benign nonepithelial pathologies of the nasal cavity, paranasal sinuses, and nasopharynx, found that vascular tumors accounted for almost half of the cases seen.
[27] Juvenile nasopharyngeal angiofibroma (JNA) is the most common primary benign neoplasm of the nasopharynx. Other benign pathologies include adenoids, Tornwaldt and mucosal cysts, fibromyxomatous polyps, choanal polyps, 
fibromas, papillomas and tumors of osseous/fibroosseous origin like osteomas and fibrous dysplasia. Extracranial tumors such as craniopharyngiomas, extracranial meningiomas, and chordomas may also present from the nasopharynx.

Benign and malignant tumors of salivary gland origin that arise from the nasopharynx represent an important and distinct entity. The histopathologic features are similar to those of major and minor salivary glands elsewhere, with the 
exception of Warthin's tumor, which does not occur in the nasopharynx. The most common histopathologic types are adenoid cystic carcinoma and benign mixed tumors, although the entire variety of benign and malignant salivary gland 
tumors (oncocytomas, mucoepidermoid carcinomas, acinic cell carcinomas, low-grade pleomorphic adenocarcinomas, etc.) may be encountered.[29] Management consists of complete surgical extirpation, and prognosis depends largely on the 
histologic type, grade, and stage. Local control of disease is especially difficult with adenoid cystic carcinoma, and the addition of postoperative radiotherapy significantly improves control rates.[70] 

Nasopharyngeal carcinoma (NPC) is by far the most common primary malignant neoplasm of the nasopharynx.[88] 

This chapter will focus on the two most common pathologic entities arising from the nasopharynx, namely JNA and NPC.

ANGIOFIBROMA

JNA is a histologically benign, locally aggressive nonencapsulated vasoformative neoplasm seen almost exclusively in male adolescents. Although it is the most common benign neoplasm of the nasopharynx, it accounts for less than 0.05% 
of all head and neck tumors.[98] The tumors originate specifically from the superior margin of the sphenopalatine foramen, formed by the trifurcation of the palatine bone, the horizontal ala of the vomer, and the root of the pterygoid process.[71] 
The point of origin is important not only because it determines the pattern of tumor spread but also because it influences decision making for surgical access and extirpation. JNAs are typically slow growing but locally invasive, and although 
they are histologically benign, they may be life threatening because of bleeding or intracranial extension. Intracranial extension occurs in between 10% and 36% of all cases, with the pituitary, anterior, and middle cranial fossas being the 
most common sites of invasion.[42] 

The predilection to occur almost exclusively in males suggests a primary aberration of the pituitarygonadal axis in its pathogenesis.[83] This, however, has not been proven by exhaustive studies to determine an underlying endocrine 
pathophysiology to this disease.[89] Enthusiasm in the use of estrogen therapy to induce tumor regression and decrease intraoperative blood loss has therefore waned because of its questionable efficacy and undesirable physical and 
psychological effects of exogenous hormone therapy in young males.

Surgery is the treatment of choice for JNA, although radiation therapy has been used with reasonable efficacy for more advanced disease with significant intracranial extension.[55] Advances in instrumentation
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Figure 73-1 Cross-sectional anatomy of the nasopharynx. 

 

TABLE 73-1 -- STAGING SYSTEMS FOR JUVENILE NASOPHARYNGEAL ANGIOFIBROMA

Chandler Sessions Radkowski

I Tumor confined to nasopharyngeal vault IA Limited to nose and/or nasopharyngeal vault  Same

  IB Extension to one or more sinuses  Same

II Tumor extending to nasal cavity or sphenoid sinus IIA Minimal extension to PMF  Same

  IIB Full occupation of PMF with or without erosion of orbital bones  Same

  IIC Infratemporal fossa with/without cheek IIC Or posterior to pterygoid plates



III Tumor extending into antrum, ethmoid sinus, PMF, 
ITF, orbit, and/or cheek

III Intracranial extension IIIA Erosion of skull base; minimal intracranial

    IIIB Erosion of skull base; extensive intracranial with/without 
cavernous sinus

IV Intracranial tumor     

From Radkowski D and others: Arch Otolaryngol Head Neck Surg 122:122, 1996.
 
include the elevation of soft tissue and periosteum from the midface, dissection of mucoperiosteum of the palate, ethmoidectomy, facial osteotomies, and the use of metal plate fixation.[21] [25] [60] [76] [105] 

Endoscopic transnasal resection is ideally suited for small tumors limited to the nasopharynx, nasal cavity, ethmoid, and sphenoid sinuses.[5] [46] The advantages of the endoscopic approach are the avoidance of a facial incision, minimal soft 
tissue dissection, and no facial bony disruption. These are gained at the expense of limited access and visibility, especially if intraoperative bleeding occurs. All patients undergoing endoscopic resection should undergo preoperative 
embolization of feeding vessels, usually within 24 hours of surgery, and early endoscopic control of the internal maxillary artery before tumor mobilization.[21] Consideration should also be made for autologous transfusion preoperatively if the 
patients' premorbid status permits. Endoscopic techniques are also useful in combination with open approaches to assess both the extent of disease and the adequacy of resection.[21] 

Open access has traditionally involved a lateral rhinotomy or, more recently, a mid-face degloving approach.[80] Tumors may be resected through a transpalatal approach, a Le Fort I osteotomy, or a medial maxillectomy. The transpalatal 
technique is suited for tumor limited to the nasopharynx, nasal cavity, and sphenoid sinus, because lateral exposure is limited [92] ( Figure 73-2 ). The Le Fort I approach provides additional exposure of the paranasal sinuses, pterygopalatine 
fossa, and infratemporal fossa.[44] The 

 
Figure 73-2 Transpalatal approach to the nasopharynx. Elevation of the mucoperiosteal flap based on the greater palatine vessels and removal of the hard palate for access into the nasopharynx. 

 

Figure 73-3a Axial sections of computed tomograms showing nasopharyngeal carcinoma. A, Before nasopharyngectomy. 



 

Figure 73-3b B, After nasopharyngectomy. 

 

TABLE 73-2 -- FIVE-YEAR SURVIVAL AFTER RADIATION ALONE IN NASOPHARYNGEAL CANCER

Author Patient, n % 5-year survival

Hoppe (1976) 82 57

Vikram (1984) 107 56

Bailet (1992) 103 58

Wang (1997) qd 125 47

bid 134 76

Sanguineti (1997) 378 48

Heng (1999) 677 57

Ma (2001) 621 60

Chi (2002) 46 60

All survival percentages actuarial except for Wang, which reports disease-specific survival.
 
be terminated early because of excessive neurologic complications, without improvement in local control rates.[95] Accelerated fractionation, however, seems to be efficacious in local control. Lee, in a recent retrospective analysis of more than 
300 patients, reported on improved local control rates with the use of six fractions per week instead of the usual five, without a significant increase in toxicity.[53] Accelerated fractionation with small fraction sizes is currently being studied in a 
phase III randomized trial of patients with locally advanced disease.

Chemotherapy.

Because the results of radiation alone in stages I and II are excellent, radiation continues to be the mainstay of treatment for early stage NPC. [1] For locally advanced disease (stage III and IV), however, despite good initial response, local 
recurrence and subsequent systemic failure are significant problems. Single and combination chemotherapy have been used as an adjunct to radiation in an attempt to achieve better local and systemic control. Combination chemotherapy 
produces better responses, and combination cisplatin/5-flurouracil is the most widely used and studied. Nonrandomized studies that used induction, adjuvant, concomitant, or combinations of these chemotherapy delivery methods have 
shown an improvement in survival ( Table 73-3 ). To date, 10 phase III randomized trials have compared radiation therapy alone with radiation and chemotherapy. The method of delivery differed significantly between the various studies, 



and two did not use the cisplatin-5FU combination. Only two studies achieved a significant difference in 5-year progression-free and overall survival. The Head and Neck Intergroup Study reported by Al-Sarraf, which used a combination of 
concurrent chemoradiation followed by adjuvant chemotherapy, [2] achieved a significant difference in 5-year overall and progression-free survival ( Table 73-4 ). The results of the radiation only arm, however, are sufficiently poor  

TABLE 73-3 -- SURVIVAL IN NONRANDOMIZED STUDIES OF THE USE OF CHEMOTHERAPY IN THE TREATMENT OF NASOPHARYNGEAL CANCER

Therapy No. of Series Range % Survival (Ave)

RT only 18 26–62 45

CT + RT 10 35–78 62

RT + CT 3 50–77 66

CT/RT + CT 3 70–80 77

CT + CT/RT 2 83–94 88

From Al-Sarraf M: Cancer Control 9:387, 2002.
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TABLE 73-4 -- RANDOMIZED TRIALS USING CHEMOTHERAPY IN THE TREATMENT OF ADVANCED STAGED NASOPHARYNGEAL CANCERS

 Author Agents % Survival P value

Adjuvant Rossi (1998) CAV 67 RT NS

   59 RT-VCA  

 Chi (2002) PF-L 61 RT-CT NS

   55 RT  

Induction VUMCA (1996) PEB 40 CT-RT NS

   45 RT  

 Chau (1998) PE 70 CT-RT NS

   56 RT  

 Ma (2001) PFB 63 CT-RT NS

   56 RT  

 Hareyamam (2002) PF 60 CT-RT NS

   48 RT  

Concurrent Chan (2002) P 76 CT-RT .1

   69 RT  

 * Jin (2003) PF 72 CT-RT .002

   54 RT  

Induction/adjuvant Chan (1995) PF 80 CT-RT NS

   81 RT  

Concurrent/adjuvant Al-Sarraf (2001) P/PF 67 CT-RT <.001

   37 RT  

From Al-Sarraf M: Cancer Control 9:387, 2002.

A, Doxorubicin; B, bleomycin; C, cyclophosphamide; E, epirubicin; F, 5-fluorouracil; P, cisplatin; L, leucovorin; V, vincristine.
*Updated. 

 
 
 
to question the validity of the study. More recently, however, Jin in a study of 284 patients receiving concurrent chemotherapy consisting of cisplatin-5FU administered during weeks 1 and 5 of radiation therapy also reported a significant 
improvement in progression-free and overall survival.[59] This study is the first to demonstrate a significant benefit of concurrent chemoradiation in the Asian population. An improvement in regional and distant control rates was also seen, 
although the difference did not reach statistical significance. A meta-analysis of more than 1500 patients from six of the randomized trials comparing combination chemotherapy with radiation alone found that progression-free survival and 
overall survival increased by 34% and 21%, respectively at 4 years for the chemotherapy arm. [39] Since publishing the results of the Intergroup Study, Al-Sarraf has reversed the sequence of chemotherapy delivery to neoadjuvant 
chemotherapy followed by concomitant chemoradiation, and reports, from unpublished data, a 90% overall survival.[1] The results of concomitant chemoradiation seem promising but need to be further validated. Two ongoing phase III trials, 



NPC 9901 and 9902 studying further the benefits of chemotherapy, will hopeful shed new light on its efficacy in the management of locally advanced NPC.

Recurrent Disease

Radiotherapy.

Locoregional recurrences without distant metastases are treated with radical external beam radiation, brachytherapy, or by surgical resection. If detected early, they are potentially curable and therefore should be treated aggressively. [99] 
Because recurrent tumors are likely to be more radioresistant, doses exceeding 60 Gy may be required for tumor eradication. Five-year local control rates approach 50% to 60%, and survival ranges from 16% to 45% ( Table 73-5 ). Small 
recurrences <5 cm in diameter may be treated with interstitial brachytherapy with gold grain (138 Au) implants.[15] [97] The implants may be inserted under endoscopic guidance or under direct vision by use of a split palatal approach. Despite 
significant sparing of vital structures in the vicinity by the inverse square law, morbidity in the form of headache, nasopharyngeal radiation necrosis, skull base necrosis, and palatal fistula are not uncommon. The use of chemotherapy in
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TABLE 73-5 -- RESULTS OF REIRRADIATION FOR RECURRENT NASOPHARYNGEAL CANCER

Author Patient No. % Local Control % 5-year Survival

Yan (1983) 162 14 23

Wang (1987) 51 ? 45

Pryzant (1992) 53 35 21

Lee (1997) 654 23 16

Chua (1998) 140 ? 36

Hwang (1998) 64 40 37

Leung (2000) 91 38 30
 
both locally recurrent and systemic disease is on a protocol basis and has not been validated by a prospective randomized study.

Surgery.

The role of surgery in NPC is largely confined to the treatment of residual or recurrent disease either in the nasopharynx or in the neck. Neck dissection for postradiation residual or recurrent nodal disease is the most common indication for 
surgery, although it should be mentioned that unlike other squamous cell cancers of the head and neck, large bulky neck disease of up to 8 cm can be effectively controlled with radiation. The extent and level of nodal dissection is often more 
extensive than suspected and is complicated further by posttreatment 

 
Figure 73-4 Transpalatal exposure with Dingman's retractor. 

 

Figure 73-5 Raised mucoperiosteal flap and removal of palatine bone exposing a nasopharyngeal tumor (in background). 



 

TABLE 73-6 -- RESULTS OF SURGICAL RESECTION FOR RECURRENT NASOPHARYNGEAL CANCER

Author Patient No. Follow-up (yr) % Survival

Fee (1988) 9 2 44

Tu (1988) 9 5 4

Wei (1991) 18 3.5 40

Morton (1996) 7 4.5 71

Hsu (1997) 24 1.5 46

Wei (2000) 45 2.5 43

King (2000) 31 5 42

Fee (2002) 37 5.4 60

From Fee WE Jr, Moir M, Goffinet DR: Arch Otolaryngol Head Neck Surg 128:280, 2002.
 
An anterolateral approach by means of a "maxillary swing" has also been proposed, by Wei that involves detaching the maxilla from its bony buttresses inferior to the orbit and swinging the entire osteocutaneous complex laterally based on 
the cheek flap.[101] This provides wide exposure of the nasopharynx, paranasopharyngeal space, and the internal carotid artery below the skull base.

The results of nasopharyngectomy for recurrent NPC are shown in Table 73-6 ( Figure 73-6 and Figure 73-7 ). Five-year local control rates range from 43% to 67%. For early disease (rT1), the Stanford experience is of 67% survival at 5 
years.[22] Surgery, therefore, offers reasonable control and survival in carefully selected patients with residual or recurrent disease.
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Figure 73-6 Completed nasopharyngectomy with exposed basisphenoid. 

 

Figure 73-7 Resected surgical specimen (with forceps through eustachian opening). 
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Chapter 74 - PHARYNGITIS IN ADULTS

Brian Nussenbaum 
Carol R. Bradford 



INTRODUCTION

Pharyngitis is defined as inflammation of the pharynx. The anatomic region of the pharynx invariably affected in adults is the oropharynx. The predominant symptom is sore throat, which overall is the third most common chief complaint to 
physicians in an office-based practice.[24] An infectious-related pharyngitis is just one of the many possible causes of sore throat in adults ( Table 74-1 ). An accurate history and physical examination is critically important for determining the 
differential diagnosis for each patient. For instance, squamous cell carcinoma of the upper aerodigestive tract frequently presents with a history of chronic sore throat. Epiglottitis in adults commonly presents as a severe acute sore throat and 
odynophagia with a relatively normal oropharyngeal examination. More common conditions such as postnasal drip and laryngopharyngeal reflux can cause an irritative pharyngitis. Occupational[10] [76] and environmental[57] exposures can also be 
associated with an irritative pharyngitis and this has been demonstrated in many different populations, such as in the firefighters who have World Trade Center cough.[70] 

Pharyngitis in adults is caused by a bacterial infection in approximately 5% to 10% of patients.[67] This is different than in children, where bacterial pharyngitis accounts for 30% to 40% of cases.[67] Approximately 75% of adults presenting with 
a sore throat are prescribed antibiotics for a presumed bacterial pharyngitis even though this practice will only help a minority of the patients.[49] This practice can be attributed to patient's expectations to receive an antibiotic and physician's 
beliefs that patients will re-consult if antibiotics are not prescribed and be dissatisfied without a prescription. This inappropriate use of antibiotics has negative consequences for both individual patients and public health.

The focus of this chapter is the appropriate evaluation and management of different microbial causes of pharyngitis in adults. For the purposes of this chapter, adults will include patients older than 15 years of age.

BACTERIAL INFECTION

Group A-β Hemolytic Streptococcus Pyogenes

Group A-β hemolytic Streptococcus pyogenes (GABHS) is the pathogenic organism responsible for most cases of bacterial pharyngitis in adults.[7] Overall, however, GABHS only accounts for approximately 10% of adult cases of pharyngitis.
[7] This organism is a gram positive cocci that grows in chains. Its natural reservoir is the skin and upper aerodigestive tract mucosa of the nasopharynx and oropharynx. The organism is a pathogen only in humans. Less than 5% of adults are 
asymptomatic carriers.[34] Spread occurs mostly through aerosolized microdroplets, less commonly by direct contact, and rarely through ingestion of contaminated non-pasteurized milk or food. Infections are more common in the autumn and 
winter. The pathogenesis of GABHS infections is related to virulence factors intrinsic to the organism (cell wall, hyaluronic acid capsule, M-proteins), secreted enzymes (streptolysin O, streptolysin S, DNAses, hyaluronidase), secreted 
exotoxins (exotoxins A, B, and C), and host inflammatory mediators (interleukin 1/6, tissue necrosis factor, prostaglandins, bradykinin, nitric oxide, lysosomal enzymes, free radicals).[24] 

The local tissues affected by GABHS pharyngitis include the palatine tonsils, uvula, soft palate, and posterior pharyngeal wall. Symptoms are usually rapid in onset and include severe sore throat, odynophagia, cervical lymphadenopathy, 
fevers, chills, malaise, headache, mild neck stiffness, and anorexia. Trismus, hoarseness, cough, conjunctivitis, diarrhea, rhinorrhea, and discrete ulcerative lesions are usually not present.[8] The pharynx typically has erythema, edema, and 
gray-white tonsillar exudates symmetrically involving the affected tissues. Petechiae may be present on the soft palate. The tonsils are commonly
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TABLE 74-1 -- ETIOLOGIES FOR SORE THROAT IN ADULTS

Microbial-related pharyngitis:

Bacterial:

Group A-β hemolytic Streptococcus pyogenes

Groups C, G, and F streptococci

Arcanobacterium haemolyticum

Neisseria gonorrhoeae

Treponema pallidum

Chlamydia pneumoniae

Mycoplasma pneumoniae

Mycobacterium tuberculosis

Francisella tularensis

Corynebacterium diphtheriae

Yersinia enterocolitica

Yersinia pestis

Trichomonas vaginalis

Viral:

Rhinovirus

Coronavirus



Parainfluenza

Influenza types A and B

Human immunodeficiency virus

Adenovirus

Epstein-Barr virus

Herpes simplex virus types 1 and 2

Cytomegalovirus

Fungal:

Candidal sp.

Protozoa:

Toxoplasma gondii

Other causes:

Abscess (peritonsillar, parapharyngeal, retropharyngeal)

Epiglottitis

Cancer (squamous cell carcinoma, lymphoma)

Autoimmune (Behçet's disease, benign mucous membrane pemphigoid, sarcoidosis)

Laryngopharyngeal reflux

Postnasal drip

Eagle's syndrome

Glossopharyngeal neuralgia

Crohn's disease

Foreign body

Trauma

Medications

Environmental exposures; air pollution
 
swollen, and the breath is characteristically foul. A scarlatiniform rash may be present.

If left untreated, infections are usually self-limited and consist of localized inflammation that resolves after 3 to 7 days. Patients are contagious during the acute illness and for approximately 1 week afterward. Prompt antibiotic treatment 
reduces the duration of symptoms (if treatment begins within 24 to 48 hours of symptom onset), reduces the period of contagiousness to 24 hours after beginning treatment, and likely decreases the incidence of suppurative complications. 
Prevention of rheumatic fever is possible if antibiotic therapy is started up to 10 days after the onset of symptoms. Interestingly, antibiotic treatment does not appear to affect the incidence of acute post-streptococcal glomerulonephritis.[7] 
Other possible manifestations include Scarlet fever, toxic shock syndrome, necrotizing fasciitis, and bacteremic spread of infection to distant sites.

GABHS tonsillopharyngitis is difficult to accurately diagnose solely based on symptoms or signs because there is significant overlap with findings that are common to other causes of pharyngitis. In a population of young adults with sore 
throat, clinical grounds alone overestimated the occurrence of GABHS in 81% of the patients, and over diagnosis commonly led to unnecessary treatment.[68] This is problematic because antibiotic treatment should be limited only to patients 
likely to have a GABHS infection.[82] Because of this diagnostic difficulty, scoring systems have been developed for predicting the likelihood of GABHS on clinical grounds alone. Patients can then be divided into high probability groups that 
should receive empiric antibiotic therapy, intermediate probability groups that should undergo further testing with a rapid antigen test or throat culture, and low probability groups that require only symptomatic therapy and appropriate follow-
up.[24] Two clinical prediction scoring systems that have been tested and prospectively validated in adult populations are those described by Walsh and others[90] and Centor and others.[16] These scoring systems should not be used in patients who 
are immunocompromised, have complicated comorbidities, or have a history of rheumatic fever. Clinicians should also consider epidemiologic circumstances. For example, one should avoid using these scoring systems during an epidemic of 
acute rheumatic fever, in parents with school-aged children, or for adults with occupations that bring them into frequent contact with children.[19] 

The Walsh scoring system uses an algorithm based on 5 items: enlarged or tender cervical lymph nodes, pharyngeal exudates, recent exposure to GABHS, recent cough, and oral temperature higher than
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101°F.[90] The Centor scoring system uses history of fever, anterior cervical adenopathy, tonsillar exudates, and absence of cough to generate a simple 4-variable additive score.[16] The presence of 3 or 4 of the Centor criteria has a positive 
predictive value of 40% to 60%, whereas the absence of 3 or 4 criteria has a negative predictive value of 80%. The Centor criteria have been endorsed by the Centers for Disease Control and Prevention (CDC), the American Academy of 
Family Physicians (AAFP), and the American College of Physicians (ACP) for use in clinical practice guidelines for treatment of acute pharyngitis in adults.[19] These guidelines state that patients with 0 or 1 Centor criteria should receive no 
further testing or antibiotic treatment given the unlikely possibility of GABHS infection. For patients with 2 or more criteria, there are a few appropriate strategies: (1) test patients with 2, 3, or 4 criteria with a rapid antigen test and reserve 
antibiotics to those with a positive test; (2) test patients with 2 or 3 criteria with a rapid antigen test and limit antibiotic treatment to those with a positive test or with 4 criteria; or (3) use no diagnostic tests and limit antibiotic treatment to 



those with 3 or 4 criteria. The authors of these guidelines do not include throat culture in their algorithm because of poor test-retest reliability, variable results depending on the technique of obtaining and performing the culture, and inability 
to distinguish acute infection from a carrier state.

After these recommendations were published, a different viewpoint on the diagnosis and management of GABHS pharyngitis in adults was proposed by the Infectious Diseases Society of America (IDSA).[8] [9] In an emergency department 
practice, the accuracy of the Centor score for predicting a positive GABHS throat culture was 32% to 56%. Based on these data, the IDSA noted that the application of this clinical scoring system alone would result in continued over-
prescription of antibiotics in adults with non-GABHS pharyngitis.[9] Given this consideration, the IDSA continues to support laboratory confirmation of clinically suspected cases of GABHS pharyngitis in adults. The American Heart 
Association (AHA) also still recommends laboratory confirmation.[22] In considering the sensitivity (80%–90%) and specificity (>95%) of rapid antigen detection tests, the low incidence of GABHS, and the very low risk of rheumatic fever in 
the adult population, the IDSA supports the use of rapid antigen tests alone without confirmation by throat culture as an acceptable alternative diagnostic strategy. [8] Even though several variables can affect the results, the IDSA still supports 
the use of throat culture on a sheep-blood agar plate as the gold-standard for documentation of the presence of GABHS in the upper respiratory tract and for the confirmation of acute GABHS pharyngitis. The sensitivity of throat culture is 
90% to 95%. The use of antistreptococcal antibody titers has no role in the routine diagnosis of GABHS pharyngitis.

Adults with GABHS pharyngitis should be treated with a dose and duration of an antibiotic that is likely to eradicate the organism from the pharynx. Penicillin remains the treatment of choice because of its proven efficacy, narrow spectrum, 
and low cost. No clinical isolate of GABHS has ever been documented to be resistant to penicillin.[8] [19] Amoxicillin appears to be equally effective and is sometimes used as an alternative in children because of its improved taste. The oral 
course should be for 10 days. Benzathine penicillin can be alternatively used as a single intramuscular injection that provides bactericidal levels for 21 to 28 days. Erythromycin is an acceptable alternative for patients allergic to penicillin, but 
isolated reports of macrolide resistance (<5% of clinical isolates) have been reported in the United States. Clindamycin is an acceptable alternative for patients with both a penicillin allergy and a strain resistant to macrolides. Although 
studies have shown that cephalosporins, clindamycin, and azithromycin can effectively eradicate GABHS from the pharynx with treatment courses of 5 days or fewer, the IDSA does not support routine use of these shorter courses because of 
inadequacies with these studies, the broader spectrum of these antibiotics in comparison to penicillin, and increased cost.[8] 

Routine retesting is not recommended for asymptomatic patients after a complete course of treatment for GABHS pharyngitis.[8] This would be indicated only for special circumstances such as patients with a history of rheumatic fever, 
development of pharyngitis during an outbreak of acute rheumatic fever or post-streptococcal acute glomerulonephritis, or in families with "ping-pong" spread of infection. Patients with persistent symptoms with a repeat rapid antigen or 
throat culture positive for GABHS may be a carrier in the presence of viral infection, may have co-pathogens that produce beta-lactamase, may be noncompliant with the antibiotic regimen, or may have acquired a new infection with 
GABHS from family or community contacts. No tests can distinguish between a carrier in the presence of repeat viral pharyngitis vs bona fide GABHS pharyngitis, and eradication of the GABHS carrier state is rarely possible with penicillin. 
Clindamycin or amoxicillin-clavulanic acid should be used to treat patients with multiple, repeated, symptomatic episodes of laboratory-proven GABHS.[8] Tonsillectomy should be considered when these episodes do not decrease in 
frequency despite appropriate antimicrobial therapy and no other etiology for the repeated episodes is evident.
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Non-Group A β-Hemolytic Streptococcal Infections

Groups C and G streptococci have been cultured from patients during episodes of acute pharyngitis.[7] [67] These organisms are part of the normal upper respiratory tract flora, so differentiating colonization from infection is difficult. These 
organisms can be cultured in patients with acute pharyngitis with clinical symptoms and exam findings indistinguishable from those of GABHS.[7] Pharyngeal infection with groups C and G streptococci can cause acute glomerulonephritis but 
has never been shown to cause acute rheumatic fever.[7] Penicillin and clindamycin both provide effective eradication when necessary.

Arcanobacterium Haemolyticum

Arcanobacterium haemolyticum is a non-motile, β-hemolytic, gram-positive bacillus that causes 0.5% to 2.5% of bacterial pharyngitis cases.[50] This organism also causes deep-seated infections such as pneumonia, meningitis, osteomyelitis, 
brain abscess, and peritonsillar abscess in both immunocompetent and immunocompromised patients.[81] In these complicated cases, sources from the tonsils, cutaneous wounds, or absence of an identifiable source have all been reported. 
Phospholipase D and hemolysin are secreted exotoxins believed to play a role in pathogenesis of infections.[30] The mode of transmission appears to be airborne.

A. haemolyticum is not part of the normal upper respiratory bacterial flora.[30] The maximum incidence in patients with acute pharyngitis is 2.5% and this is found in the young adult population 15 to 18 years old.[53] Other reports state that the 
peak incidence occurs in patients 10 to 30 years old. [30] Infection is rare in other patient populations. The throat symptoms vary from a mild pharyngitis to an exudative tonsillitis to a diphtheria-like illness to septicemia. A rash is present in 
25% to 50% of patients and may be urticarial, macular, or maculopapular. The rash usually occurs on the trunk and extremities while sparing the palms, soles, and face. The rash can be the predominant presenting symptom especially in 
cases with only mild pharyngitis symptoms. Other clinical features include fever (64%) and cervical lymphadenopathy (41%).[53] 

Pharyngitis caused by A. haemolyticum is easily mistaken for GABHS or viral pharyngitis with an exanthem because of the overlap in symptoms. When suspected, throat culture needs to be performed using 5% human blood agar.[30] Using 
this culture media, prominent hemolytic zones are formed within 24 hours by A. haemolyticum. Sheep blood agar is usually used for standard throat cultures because it is rapidly hemolyzed by GABHS, but A. haemolyticum only forms 0.5-
mm colonies with a narrow rim of hemolysis by 48 hours using this culture media. Because most clinical laboratories discard throat cultures after 48 hours, the diagnosis is commonly missed when using this method.

Oral penicillin was recommended for treatment in the past but bactericidal tests demonstrated increasing tolerance of this organism. Thus, first-line antibiotic therapy for A. haemolyticum pharyngitis is erythomycin.[30] Interestingly though, 
many reported cases of deep-seated complicated infections have been successfully treated with high-dose intravenous penicillin alone.[81] Vancomycin, clindamycin, cephalexin, and gentamicin are also effective antimicrobials. A. 
haemolyticum is resistant to oxacillin and trimethoprim-sulfamethoxazole. Antibiotic sensitivities are recommended for all positive cultures.

Neisseria Gonorrhoeae

Neisseria gonorrhoeae is a sexually transmitted organism that affects the anal-genital region but can also cause gingivitis, stomatitis, glossitis, and pharyngitis.[5] Gonococcal pharyngitis is an uncommon but well-described manifestation. This 
infection usually occurs concomitantly with genital infection but rarely occurs as the only site of involvement. Fellatio is the high-risk behavior and thus the incidence of disease is highest in homosexual males and in females.[7] 
Autoinoculation has also been postulated to be a possible mechanism of disease transmission to the oropharynx. In patients with genital gonorrhea, positive oropharyngeal cultures are found in 20% of homosexual males, 10% of females, and 
3% of heterosexual males. [87] Combining these groups, the overall reported incidence of positive oropharyngeal culture in patients with genital gonorrhea is 4% to 11%.[89] Interestingly, however, only 50% of these patients actually have acute 
pharyngitis symptoms.[87] For asymptomatic patients, evidence suggests that the presence of N. gonorrhoeae in the oropharynx may be self-limited.[40] This does not justify withholding treatment, however, because dissemination from the 
pharynx can still occur. Dissemination most commonly manifests as arthritis, septic joint, or dermatitis.[87] 



Symptomatic patients usually present with findings suggestive of tonsillitis. The tonsils are enlarged with a white-yellow exudates arising from the crypts.[5] Patients may show evidence of oropharyngeal trauma particularly on the soft palate 
or uvula ( Figure 74-1 ). Fever (8%) and lymphadenopathy (9%) are uncommon findings. Organisms are found within the cellular debris at the base of crypts.[89] Because of this, it is recommended to obtain gram stain and culture specimens 
from deep within the crypts. A typical Gram stain reveals intracellular gram-negative diplococci. This finding should be confirmed by culture on modified
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Figure 74-1 Traumatic pharyngitis, as might be seen in patients presenting with oral manifestations of sexually transmitted diseases. Photo: Courtesy of Richard A. Chole, M.D., Ph.D. 

 

Figure 74-2 Infectious mononucleosis showing the characteristic exudative tonsillitis with tonsillar hypertrophy. Photo: Courtesy of Richard A. Chole, M.D., Ph.D. 

 

Figure 74-3 Viral pharyngitis with a herpes virus showing reddening of the tonsils. Photo: Courtesy of Richard A. Chole, M.D., Ph.D. 
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Chapter 75 - SLEEP APNEA AND SLEEP-DISORDERED BREATHING

Robert J. Troell 
David J. Terris 

INTRODUCTION

The field of sleep apnea and other sleep-disordered breathing syndromes has been among the most rapidly evolving within the discipline of otolaryngology and head and neck surgery. This progress has been paralleled by equally dramatic 



advances in the surgical treatment of this disease, prompting a series of issues of major journals devoted exclusively to sleep apnea.[50] [51] Otolaryngologists are no longer relied on as technicians who are turned to for performing 
palatopharyngoplasties but rather as the primary specialists who are providing care to these individuals—care that often includes a growing variety of surgical techniques in addition to nonsurgical management.

HISTORICAL PERSPECTIVES

A frequently cited study by Burwell and colleagues described the Pickwickian syndrome in 1956. Subsequently, the clinical entity of sleep apnea was described independently in 1965 by scientists in France and Germany. An Italian 
symposium organized by Henri Gasteau and Elio Lugaresi in 1967 showcased the presentation of sleep research encompassing the major topics of current sleep medicine, including insomnia, sleep apnea, narcolepsy, and periodic limb 
movements during sleep. A landmark symposium in 1972 organized by Sadoul and Lugaresi focused on "hypersomnia with periodic breathing" and the "polygraphic aspects of the Pickwickian syndrome."[19] In the 1970s, Lugaresi's group 
pursued groundbreaking clinical sleep research, including a complete description of the obstructive sleep apnea syndrome (OSAS), the occurrence of sleep apnea in nonobese patients, cardiovascular correlations, and the importance of the 
symptoms of snoring and hypersomnolence as diagnostic indicators of sleep apnea.

In 1972, investigators at Stanford University began performing all-night sleep studies using respiratory and cardiac sensors; they called this diagnostic test "polysomnography." A tool designed to measure the degree of daytime sleepiness, the 
Multiple Sleep Latency Test, was pioneered in 1976. Multiple Sleep Latency Test research led to the understanding that daytime sleepiness and nighttime sleep are intimately related and that the adequacy of sleep cannot be understood 
without a measurement of the level of daytime sleepiness.[19] The American Sleep Disorders Association was formed in 1975, which fostered the development of standards for sleep centers and physicians as well as standards of practice.

Before the 1980s, the treatment options were limited to tracheotomy and weight loss. Fujita and colleagues[7] and Simmons and colleagues[47] began using the technique of uvulopalatopharyngoplasty for the surgical treatment of OSAS in the 
early 1980s. During the same timeframe, Colin Sullivan invented the highly effective medical modality known as nasal continuous positive airway pressure (CPAP). Since that time, numerous medical and surgical therapeutic options have 
become available for the treatment of OSAS and primary snoring.

CLASSIFICATION OF SLEEP DISORDERS

Primary sleep disorders are classified into two subgroups: dyssomnias, which include those disorders that produce insomnia or excessive sleepiness, and parasomnias, which are disorders that intrude into or occur during sleep but that do not 
produce symptoms of insomnia or excessive sleepiness. Dyssomnias produce either difficulty initiating or maintaining sleep or excessive sleepiness and are classified as intrinsic or extrinsic. Extrinsic sleep disorders either originate or 
develop from causes outside of the body ( Box 75-1 ), whereas intrinsic sleep disorders originate, develop, or arise from causes within the body ( Box 75-2 ). An intrinsic sleep disorder that is often referred for an otolaryngologist's evaluation 
is OSAS. Sleep-disordered breathing (SDB) is a term that encompasses a spectrum
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of sleep-related upper airway obstruction that ranges from primary snoring and upper airway resistance syndrome (UARS) to OSAS and, at the extreme, obesityhypoventilation syndrome (Pickwickian syndrome).

 
 

Box 75-1. EXTRINSIC SLEEP DISORDERS

1.  Inadequate sleep hygiene
2.  Environmental sleep disorder
3.  Altitude insomnia
4.  Adjustment sleep disorder
5.  Insufficient sleep syndrome
6.  Limit-setting sleep disorder
7.  Sleep-onset association disorder
8.  Food allergy insomnia
9.  Nocturnal eating (drinking) syndrome

10.  Hypnotic-dependent sleep disorder
11.  Stimulant-dependent sleep disorder
12.  Alcohol-dependent sleep disorder
13.  Toxin-induced sleep disorder
14.  Extrinsic sleep disorder NOS

 
 
 
 



Box 75-2. INTRINSIC SLEEP DISORDERS

1.  Psychophysiologic insomnia
2.  Sleep-stage misperception
3.  Idiopathic insomnia
4.  Narcolepsy
5.  Recurrent hypersomnia
6.  Idiopathic hypersomnia
7.  Posttraumatic hypersomnia
8.  Obstructive sleep apnea syndrome
9.  Central sleep apnea syndrome

10.  Central alveolar hypoventilation syndrome
11.  Periodic limb movement disorder
12.  Restless legs syndrome
13.  Intrinsic sleep disorder NOS

 
 
Primary Snoring

Patients with snoring who have an apnea-hypopnea index of fewer than five events per hour of sleep and no complaints of excessive daytime sleepiness fall into this category.

Upper Airway Resistance Syndrome

Patients with an apnea-hypopnea index of fewer than five events per hour of sleep and who have an elevated arousal index (more than five times per hour) are considered to have UARS. Polysomnography reveals frequent arousals associated 
with snoring with abnormally negative intrathoracic pressure (<-10 cm H2 O by midesophageal pressure monitoring) or increased diaphragmatic electromyogram activity. [12] These patients complain of excessive daytime sleepiness.

Obstructive Sleep Apnea Syndrome

Patients with OSAS have an apnea-hypopnea index of more than five events per hour of sleep and usually have accompanying oxyhemoglobin desaturations of less than 90%. Neurobehavioral symptoms are frequently present, with excessive 
daytime sleepiness being the most common.

Prevalence of Sleep-Disordered Breathing

Young and colleagues[62] reported that the estimated prevalence of SDB, which is defined as an apnea-hypopnea index of five or higher, was 9% for women and 24% for men between the ages of 30 and 60 years. SDB is more prevalent in men 
(by a factor of eight to 10) and postmenopausal women. Seventy percent of patients with SDB are obese, whereas 30% are at or near their ideal body weight.

DIAGNOSIS OF SLEEP-DISORDERED BREATHING

History

The most common symptoms of SDB include restless sleep, loud snoring, and excessive daytime sleepiness ( Box 75-3 ). The neurobehavioral alterations frequently affect school and work performance and decrease psychomotor vigilance, 
resulting in a seven-fold increase in the risk for motor vehicle accidents.[5] [13] There are numerous questionnaires available to aid in the screening of patients for suspected SDB. The Epworth Sleepiness Scale is an example of a widely utilized 
tool
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to assess daytime sleepiness ( Figure 75-1 ). Cardiorespiratory conditions that may be present in patients with SDB include systemic and pulmonary hypertension, cerebrovascular accidents, cardiac arrhythmias, peripheral edema, 
polycythemia, congestive heart failure, angina, myocardial infarction,[10] [45] resulting in an increased mortality rate.[14] [22] There are numerous medical conditions that may cause excessive sleepiness, tiredness, or fatigue complaints that should be 
considered in the diagnostic workup ( Box 75-1 , Box 75-2 , and Box 75-4 ). Finally, it is not uncommon to have several sleep disorders existing simultaneously in the same patient.

 
 



Box 75-3. SYMPTOMS OF SLEEP-DISORDERED BREATHING

1.  Restless sleep
2.  Loud snoring
3.  Observed apnea, choking, or gasping episodes
4.  Excessive daytime sleepiness
5.  Morning fatigue
6.  Memory loss
7.  Decreased cognitive function
8.  Indigestion and gastroesophageal reflux
9.  Depression and psychosis

10.  Personality changes
11.  Decreased libido and impotence
12.  Morning and nocturnal headaches
13.  Xerostomia
14.  Nocturnal sweating
15.  Nocturnal enuresis

 
 
Physical Examination

Although the initial history of daytime sleepiness, neurobehavioral symptoms, and cardiorespiratory features provide the most compelling screening information for those with SDB, physical examination findings strengthen the likelihood of 
the diagnosis ( Box 75-5 ). Blood pressure measurement, neck circumference, and body mass index calculation using the patient's height and weight are important general assessment parameters.

 
Figure 75-1 Epworth Sleepiness Scale. 

Fiberoptic Nasopharyngoscopy

A complete examination of the upper airway requires the addition of fiberoptic nasopharyngoscopy ( Figure 72-2a and Figure 72-2b , Figure 75-3 , Figure 75-4 , and Figure 75-5 ). This examination may be performed with the patient in the 
sitting or supine position, and, in some centers, it is performed during sleep that has been pharmacologically induced (video sleep nasoendoscopy). The addition of the Müller maneuver with or without pharyngeal pressure monitoring may 
assist in the determination of areas of collapse during the upper airway endoscopy examination. The Müller maneuver is performed with the patient inhaling against a closed glottis with the nose and mouth closed to generate negative 
pressure in the pharynx. Numerous studies have described the benefits and limitations of this examination for preoperative prediction of the effectiveness of surgical interventions.

Radiography

The main purpose of imaging examinations for these patients is to aid in the identification of the site and severity of upper airway collapse or obstruction, especially in the hypopharynx. Upper airway imaging may involve lateral 
cephalometric radiographs, fluoroscopy,
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computer tomography, or magnetic resonance imaging. Soft-tissue and skeletal obstruction are suggested by the radiographic appearance of the upper airway; the standard cephalometric tracing is shown in Figure 75-6 . There are limitations 
with this technique, especially because it is a two-dimensional method of evaluating a three-dimensional area.[2] [33] [34] This technique is simple to perform, it is cost-effective, and there is a statistically significant correlation between the 
posterior airway space (PAS) measured by cephalometric analysis and the volume of the pharyngeal airway ( Figure 75-7 ). The study also evaluates the degree of maxillary and mandibular development. This is important because, if a 
skeletal deficiency exists, there is a higher incidence of obstruction at the level of the soft palate and/or the base of the tongue.

 
 

Box 75-4. MEDICAL CONDITIONS THAT PRODUCE FATIGUE

1.  Severe anemia
2.  Endocrine dysfunction, including hypothyroidism and Addison's disease
3.  Chronic fatigue syndrome
4.  Pulmonary disease, including asthma, emphysema, and Pickwickian syndrome
5.  Cardiovascular disease, including congestive heart failure and left heart failure
6.  Neoplasms, including disseminated and central nervous system lesions



7.  Anticancer chemotherapy
8.  Collagen vascular diseases
9.  Chronic infections, including mononucleosis, hepatitis, and influenza

10.  Depression and other psychiatric disorders
11.  Malnutrition
12.  Neurologic disorders, including Parkinson's disease and multiple sclerosis
13.  Medication side effects

 
 
Polysomnography

Nocturnal polysomnography is recommended to confirm the presence and severity of SDB before any therapeutic intervention.[21] These studies can be performed in a sleep laboratory (inpatient) or in a patient's home (ambulatory),[1] [3] and 
patients may be monitored with or without a sleep technician in attendance. A full-night diagnostic study can be accomplished, or a nasal continuous positive airway pressure titration study can be done. A blend of these two—which 
encompasses both diagnostic and titration components and is known as a split-night study—can also be performed.

The sleep study variables that best reflect the severity of obstruction include the apnea index (AI), 

 
Figure 75-2 Fiberoptic view of the normal hypopharyngeal airway. (From Troell RJ and others: Surgical management of the hypopharyngeal airway. In Coleman J, editor: Sleep apnea. Part I. Otolaryngology clinics of North America, 
Philadelphia, 1998, WB Saunders, p 983, Figure 1.) 

 

Figure 75-3 Fiberoptic view of base-of-tongue obstruction. (From Troell RJ and others: Surgical management of the hypopharyngeal airway. In Coleman J, editor: Sleep apnea. Part I. Otolaryngology clinics of North America, 
Philadelphia, 1998, WB Saunders, p 983, Figure 2.) 

 

Figure 75-4 Fiberoptic view of the hypopharyngeal airway before the Müller maneuver. (From Troell RJ and others: Surgical management of the hypopharyngeal airway. In Coleman J, editor: Sleep apnea. Part I. Otolaryngology clinics of 
North America, Philadelphia, 1998, WB Saunders, p 983, Figure 3.) 

 
 

Box 75-5. PHYSICAL EXAMINATION FINDINGS

1.  Nasal obstruction
a.  Septal deviation
b.  Turbinate hypertrophy
c.  Nasal valve collapse
d.  Adenoid hypertrophy
e.  Nasal tumors or polyps

2.  Oropharyngeal obstruction
a.  Large soft palate
b.  Palatine tonsillar hypertrophy
c.  Posterior pharyngeal wall banding
d.  Macroglossia
e.  Large mandibular tori



f.  Narrow skeletal arch
g.  Retrognathia and micrognathia

3.  Hypopharyngeal obstruction
a.  Lateral pharyngeal wall collapse
b.  Omega-shaped epiglottis
c.  Hypopharyngeal tumor
d.  Lingual tonsillar hypertrophy

4.  Laryngeal obstruction
a.  True vocal cord paralysis
b.  Laryngeal tumor

5.  Cervical redundancy
a.  Thick neck
b.  Cervical redundant adipose tissue

6.  General body habitus
a.  Obesity
b.  Achondroplasia
c.  Chest wall deformity
d.  Marfan's syndrome

7.  Cardiovascular signs
a.  Arterial hypertension
b.  Peripheral edema

 
 
 
Figure 75-5 Fiberoptic view of hypopharyngeal collapse during the Müller maneuver. (From Troell RJ and others: Surgical management of the hypopharyngeal airway. In Coleman J, editor: Sleep apnea. Part I. Otolaryngology clinics of 
North America, Philadelphia, 1998, WB Saunders, p 983, Figure 3.) 

 

Figure 75-6 Standard cephalometric tracing. S, Sella; N, nasion; A, subnasale; B, supramentale; SNA, maxilla to cranial base; SNB, mandible to cranial base; ANS, anterior nasal spine; PNS, posterior nasal spine; P, tip of uvula; PNS-P, 
length of soft palate; PAS, posterior airway space; MP, mandibular plane; H, hyoid; Go, gonion; Gn, gnathion. (From Riley R, Powell N, Guilleminault C: Obstructive sleep apnea syndrome: a review of 306 consecutively treated surgical 
patients, Otolaryngol Head Neck Surg 108:117, 1993. Used with permission.) 

 

Figure 75-7 Comparison of hypopharyngeal airway volume by computerized tomography scan to posterior airway space (PAS) measured on cephalometric radiographs. (From Riley RW, Powell NB: Maxillofacial surgery and obstructive 
sleep apnea syndrome, Otolaryngol Clin North Am 23:809, 1990. Used with permission.) 



 
 

Box 75-6. TREATMENT PHILOSOPHY

1.  Treatment to cure
2.  Site-specific surgical therapy
3.  Staged surgical management (if necessary)
4.  Full patient disclosure of options and risks
5.  Follow-up all treatment
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A variety of nonprescription products are marketed for the treatment of snoring (and, less frequently, for the treatment of SDB), with limited or no scientific validation. These alternative products include mechanical devices such as external 
and internal nasal dilators, pharmacologic agents including nasal and throat lubricants, oral dietary supplements, and magnetic therapy. The Federal Trade Commission issued a consumer alert about such products after settling with one 
manufacturer over unsubstantiated claims of efficacy. Although external nasal dilator strips may be a safe alternative for mild, nonapneic snoring in some patients, the potential for producing so-called "silent apneics" (where the snoring is 
controlled but undiagnosed life-threatening OSA may persist) must be considered.

Nasal CPAP remains the gold standard for medical treatment of SDB.[18] [19] The efficacy approaches 100%, but the compliance rate is no better than 50%. Bilevel positive airway pressure and auto-PAP have provided a modest amount of 
improvement in patient compliance as compared with CPAP. Likewise, oral appliances, which are designed to protrude the mandible and/or the tongue, have a success rate that is as high as 50% but a compliance rate that is as low as 25%.[44] 

Surgical Treatment

The extent of surgery is mediated by patient motivation, severity of symptoms, severity of disease as determined by polysomnography, and the site and severity of upper airway collapse ( Box 75-7 ). Patients should be medically and 
psychologically fit to undergo a surgical procedure.[35] [40] 

Preoperative Considerations

Patients with SDB often have associated major depression, gastroesophageal reflux disease, hypertension, or coronary artery disease. A general medical evaluation identifies patients at risk for cardiopulmonary complications and dictates the 
potential need for medical referral ( Box 75-8 ). Forty percent of patients who undergo surgery for SDB have a positive preoperative history of cardiovascular disease.[36] SDB may also be associated with lower airway disease from chronic 
obstructive pulmonary disease or reactive airway disease. The oxygen desaturation during apneic events is often more severe in patients who have chronic obstructive pulmonary disease as a result of an increased resistance to airflow.

 
 

Box 75-7. SURGICAL INDICATIONS FOR TREATMENT

1.  Apnea-hypopnea index of >15
2.  Oxyhemoglobin desaturation of <90%
3.  AHI of >5 and <14, with excessive daytime sleepiness
4.  Upper airway resistance syndrome, preferably with objective improvement of neurocognitive dysfunction using 

medical therapy
5.  Significant cardiac arrhythmias associated with obstructions
6.  Unsuccessful or refused medical therapy and desire for surgery
7.  Medically stable enough to undergo the recommended procedure(s)

 



 
 
 

Box 75-8. PREOPERATIVE WORKUP

1.  Electrocardiogram if there is a history of cardiac conditions
2.  Cardiac stress test (if indicated)
3.  Chest radiograph (optional)
4.  Pulmonary function testing (if indicated)
5.  Laboratory testing:

a.  Complete blood count
b.  Others as indicated

 
 
Anesthetic Considerations

Patients with SDB are believed to be at risk for developing complications related to anesthesia and postoperative analgesia. Therefore, unsupervised preoperative sedation should usually be avoided. Most patients are managed with general 
anaesthesia. Many authorities suggest that an antireflux agent and an antisialagogue should be used and administered well enough in advance to be in effect during intubation.[55] [57] 

The findings of the hypopharyngeal and laryngeal examination by both indirect examination and fiberoptic nasopharyngoscopy may help guide the anesthesiologist regarding the ease of intubation. At the time of induction, the airway is best 
controlled using an oropharyngeal airway that is of the proper size and that is correctly positioned to hold the base of tongue out of the airway. Care should be exercised in the timing and choice of paralyzing agents during intubation. If the 
patient can be easily ventilated with a mask after initial induction, then paralyzing agents generally may be used safely. In the event of unsuccessful intubation, alternative methods of securing the airway must be immediately available, 
including mask ventilation, transtracheal jet ventilation, and equipment for a tracheotomy. The airway is protected with an endotracheal tube until the patient is sufficiently awake to respond to a series of commands. Premature extubation can 
lead to a complete loss of the airway or laryngospasm. An appropriately sized oropharyngeal or nasopharyngeal airway should be immediately available.
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Blood Pressure Considerations

Control of the blood pressure during surgery—particularly during those procedures that involve the tongue—is essential. If the patient's blood pressure is labile during the procedure, consideration should be given to the placement of an 
arterial line intraoperatively. Elevation of the blood pressure during emergence is anticipated, which will often continue until the first postoperative day. This is treated with parenteral antihypertensive medications which may include 
labetalol, hydralazine, and, if needed, nitroprusside.[36] 

Surgical Options ( Box 75-9 )

After the diagnosis of SDB is confirmed by polysomnographic monitoring and the potential sites of obstruction are identified by the preoperative examination, reconstruction of the upper airway may be considered ( Box 75-10 ). A 
discussion about the option of tracheotomy is appropriate, because it represents the gold standard of surgical management by virtue of completely bypassing the upper airway obstruction. However, a tracheotomy is rarely a desirable option 
for most patients because of the inconvenience and lack of social acceptance. The limited efficacy of uvulopalatopharyngoplasty (UPPP) alone (success rate, 40%[46] ) stimulated the pursuit of site-specific procedures and multilevel pharyngeal 
surgery.

 
 

Box 75-9. SURGICAL TREATMENT OPTIONS

 
Nasal Surgery 

1.  Nasal septoplasty
2.  Inferior turbinectomy
3.  Adenoidectomy
4.  Nasal tumor or polyp excision
5.  Nasal valve reconstruction

 
Palatal Surgery 

1.  Uvulopalatopharyngoplasty
2.  Uvulopalatal flap
3.  Tonsillectomy
4.  Transpalatal advancement pharyngoplasty



5.  Laser-assisted uvulopalatoplasty
6.  Palatal radiofrequency

 
Hypopharyngeal Surgery 

1.  Maxillomandibular osteotomy and advancement
2.  Mandibular osteotomy with genioglossus advancement
3.  Hyoid myotomy and suspension
4.  Tongue base radiofrequency
5.  Partial glossectomy
6.  Lingual tonsillectomy
7.  Repose tongue suspension

 
 
 
 

Box 75-10. POLYSOMNOGRAPHY MONITORS

1.  Electroencephalogram: C3 or C4, O1 or O2
2.  Electrooculogram
3.  Nasal and oral airflow monitors: thermistor or nasal prong pressure
4.  Chin electromyogram
5.  Body position monitors
6.  Chest respiratory effort monitor
7.  Abdominal respiratory effort monitor
8.  Electrocardiogram
9.  Pulse oximetry

10.  Tracheal microphone
11.  Anterior tibialis electromyogram
12.  Optional: end-tidal carbon dioxide monitor, esophageal pressure monitor, nasal CPAP/bilevel positive airway 

pressure

 
 
Patients with isolated obstruction at the level of the soft palate should undergo a palatal surgical procedure, and patients with obstruction at the level of the base of the tongue should undergo a procedure designed to stabilize or widen this 
region. If the patient has both palatal and base-of-tongue obstruction, consideration should be given to recommending procedures directed at both sites simultaneously. When nasal obstruction is identified, it is frequently addressed with a 
staged nasal procedure after the palate and hypopharyngeal areas are treated.

Nasal Procedures

The rationale for pursuing nasal surgery is to improve nasal patency in an effort to restore physiologic breathing, to facilitate the use of nasal CPAP, and to minimize oral breathing during sleep. Oral breathing during sleep causes the tongue 
to be positioned posteriorly, thereby increasing airway obstruction. Nasal septal deviation, turbinate hypertrophy, and nasal ala and valve collapse are corrected by septoplasty, turbinate reduction, and nasal valve cartilage implants. Adenoid 
hypertrophy is treated by adenoidectomy. Significant postoperative edema or nasal packing may impair the ability to use nasal CPAP; a nasal airway can be used to overcome this problem.

Palatal Procedures

Soft-tissue surgery addresses the soft palate or velopharynx site of obstruction. A variety of procedures have been introduced to alleviate obstruction at this level after the introduction of the UPPP by Fujita[7] in 1981. The modified UPPP is a 
procedure that is performed under local anesthesia with a technique that is similar to that of the classic method, except the tonsils are not excised, and the soft-tissue closure remains at the
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superior aspect of the tonsillar pillars. This is reserved for the treatment of primary snoring, especially in patients with prominent posterior tonsillar pillar banding.

The uvulopalatal flap[27] may also be considered; this procedure achieves anatomic results that are similar to those achieved with the UPPP but with less postoperative discomfort and fewer complaints of thickened secretions or foreign body 
sensation ( Figure 75-8 ). Poor candidates for the uvulopalatal flap are those with a long, thick uvula and significant palatal redundancy.

Because of the unsatisfactory results of UPPP alone, a number of investigators have used fiberoptic and cephalometric examinations to localize obstruction at the base of the tongue in many instances of failed UPPP.[2] [34] [41] These findings 
stimulated the development of both skeletal and soft-tissue tongue and hyoid procedures to treat hypopharyngeal airway collapse in patients with SDB.



 
Figure 75-8 The reversible uvulopalatal flap. A, Preoperative palate anatomy. B, Uvula is grasped with a forceps and reflected back toward the soft-hard palate junction; note the muscular crease. C, The mucosa of the oral aspect of the 
uvula and soft palate in a diamond shape is removed with cold knife dissection; the uvular tip is amputated and the uvular muscle thinned, if necessary. D, Trimmed and sutured flap, with the shaded area indicating the location of the tissue 
before it is repositioned. E, Postoperative appearance, with closure up on the soft palate. (From Powell N and others: A reversible uvulopalatal flap for snoring and obstructive sleep, Sleep 19:593, 1996. Used with permission.) 

 

Figure 75-9 The genioglossus advancement procedure: rectangular geniotubercle osteotomy modification. A, Anterior view. The rectangular geniotubercle osteotomy modification offers excellent tension on the genioglossus muscle with a 
minimum fracture risk and is technically reliable. The geniotubercle fragment is rotated enough to allow bony overlap. A single inferiorly placed miniscrew is placed by a "lag" technique. Occasionally, a superiorly placed microscrew is 
needed to adequately fix the fragment. B, Lateral view. (From Troell RJ and others: Surgical management of the hypopharyngeal airway. In Coleman J, editor: Sleep apnea. Part I. Otolaryngology clinics of North America, Philadelphia, 
1998, WB Saunders, p 998, Figure 13.) 

 

Figure 75-10 The modified hyoid myotomy and suspension procedure. (From Riley R, Powell N, Guilleminault C: Obstructive sleep apnea and the hyoid: a revised surgical procedure, Otolaryngol Head Neck Surg 111:717, 1994. Used with 
permission.) 

 

Figure 75-11 The maxillomandibular advancement procedure, lateral view. Lefort 1 maxillary osteotomy with rigid plate fixation and a bilateral sagittal split mandibular osteotomy with bicortical screw fixation. The advancement is at least 
10 mm. A previous genioglossus advancement is shown. (Powell NB, Riley RW, Guilleminault C: The hypopharynx: upper airway reconstruction in obstructive sleep apnea syndrome. In Fairbanks DNF, Fujita S, editors: Snoring and 
obstructive sleep apnea, ed 2, New York, 1994, Raven Press, p 205, with permission.) 



 
 

Box 75-11. SLEEP STUDY REPORT DEFINITIONS (ADULT)

Apnea: Cessation of airflow lasting 10 seconds or longer 
 
Hypopnea: Decline in airflow from baseline of 50% associated with an electroencephalogram-defined arousal or 
with a 4% drop in oxygen saturation 
 
Arousal: An abrupt change in electroencephalogram frequency lasting at least 3 seconds, which may include 
theta, alpha, and/or frequencies >16 Hz, but not spindles; arousals in non-REM sleep may occur without 
concurrent increase in submental amplitude, but REM sleep requires accompanied concurrent increases in 
submental electromyogram amplitude 
 
Sleep efficiency: Minutes of sleep divided by the minutes in bed after the lights are turned off 
 
Respiratory-effort related arousal: Arousals caused by an obstructive respiratory event, including snore arousals 
and arousals associated with increased esophageal negative pressure or increased diaphragmatic electromyogram 
activity 
 

 
 
History

If a history of nightly snoring is elicited, then a detailed history and physical examination should be performed to reveal findings suggestive of SDB ( Box 75-12 ) ( Figure 75-12 ). There is no evidence that the characteristics of snoring aid in 
the ability of the physician to differentiate the diagnosis of primary snoring from OSAS. A study noted that a parent watching his or her children sleep for fear that they would "stop breathing" was reported for 76% of primary snorers and 
94% of patients with OSAS.[13] The authors also reported that 23% of parents of primary snorers and 56% of parents of OSAS patients shook their children during sleep "to make him or her breathe," whereas 39% of parents of primary snorers 
and 74% of parents of OSAS patients observed obstructive apneas.[13] Although all of these symptoms were noted more frequently in those children with OSAS compared with those that were primary snorers, none were predictive.

Physical Examination

A detailed physical examination can strongly suggest the presence of SDB. A Stanford study revealed that a high orocraniofacial scale score, (i.e., greater than 13.8 on a 19-point scale) corresponded with a 96% likelihood of SDB. Using a 
tonsillar scale from 0 to 4, with each unit correlating with a 25% increase in tonsillar size or decrease in the oropharyngeal airway diameter, a score of more than 2.7 corresponded with a 92% likelihood of being diagnosed with SDB. When 
combining each of these physical examination scales, 100% of children with a high tonsil score (+3 or +4) and a high orocraniofacial clinical score were diagnosed with SDB (either UARS or OSAS). Only 2% of children who scored low in 
both scales were found to have SDB.

 
 

Box 75-12. SYMPTOMS OF SLEEP-DISORDERED BREATHING IN CHILDREN

1.  Loud snoring
2.  Noisy breathing during sleep
3.  Daytime mouth breathing
4.  Growth retardation
5.  Repetitive upper airway infections
6.  Abnormal shyness
7.  Rebellious and aggressive behavior
8.  Attention deficit disorder
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Figure 75-12 Orocraniofacial features clinical scale. 

Polysomnography

Although controversial, the literature supports that the diagnosis of SDB in children should include a diagnostic polysomnogram. Some suggest that, if the diagnosis by history and physical examination is strongly suggestive of the diagnosis 
of SDB, treatment may be contemplated without a preoperative sleep study. The gold standard for diagnosis is standard polysomnography, with many sleep laboratories adding end-tidal carbon dioxide (PET CO2 ) monitors with the other 
standard adult parameters. Some laboratories may also add esophageal pressure monitoring to assess for the presence of UARS and pH monitoring to determine the presence of laryngeal or nasopharyngeal reflux. A child-oriented sleep 
technician and parental participation in the study improve patient acceptance.[13] 

Sleep study definitions.

The polysomnographic thresholds for sleep obstructive events in children differ from those for adults. The following definitions have been suggested: 

Apnea: No airflow lasting more than two times the respiratory cycle time (as compared with a 10-second duration in adults); this distinction acknowledges the variation in respiratory rate with age. 
 
Hypopnea: A discernible decrease in airflow or a 50% or more decrease in airflow for more than two times the respiratory cycle time. 
 
Obstructive hypoventilation: Partial upper airway obstruction leading to a peak PET CO2 of 55 mm Hg or a PET CO2 of >50 mm Hg for >10% of the total sleep time or >45 mm Hg for >60% of total sleep time. 
 

The characterization of sleep-related breathing disorders in children—particularly thresholds of severity—continues to evolve. Although there are no well-accepted criteria for the degree of sleep-related obstruction that warrants a diagnosis 
of OSA, it is generally acknowledged that an AI ≥1 in a child is abnormal, and increased respiratory effort is noted in nearly all children with OSAS.[13] 

Pathophysiology

There are several potential mechanisms involved in SDB in children, but the most common is upper airway obstruction from adenotonsillar hypertrophy. Neuromuscular hypotonia may be the second leading pathophysiologic factor in the 
etiology of SDB in children; a third subset of patients are those afflicted with craniofacial or neurologic syndromes.

Clinical Syndromes

The manifestations of SDB in children are often far different from those found in adults. They may include growth abnormalities, failure to thrive, short stature, and impaired growth hormone release; cardiovascular derangements including 
cor pulmonale, pulmonary hypertension, polycythemia, hypertension, and chronic respiratory acidosis; and gastrointestinal problems such as feeding difficulties and gastroesophageal reflux. Other potential complications of SDB include 
speech and swallowing dysfunction, pulmonary complications
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(e.g., chronic aspiration), pulmonary edema, and pectus excavatum; behavioral problems including developmental delay and school problems; neurologic derangements, including nocturnal enuresis; increased intracranial pressure; lethargy; 
daytime sleepiness; and even an increased mortality rate.[13] 

Treatment

Surgical treatment is the first line of therapy in most children with SDB. The success rate with surgery as gauged by polysomnographic outcomes is at least 75%. When subjective symptomatic improvement is considered, the success rate 
reaches about 85%. These findings explain the prevailing philosophy of performing a polysomnogram postoperatively to determine the success of surgical treatment rather than preoperatively as is done in adults. In patients who are 
unsuccessfully treated by tonsillectomy and adenoidectomy or in nonsurgical candidates, nasal CPAP is an alternative that is surprisingly accepted by most children. The efficacy of UPPP in children has not been systematically investigated. 
Tracheotomy is an alternative in children with severe or complicated OSAS. Midline partial glossectomy may be the best alternative in children with macroglossia from Down's syndrome or mucopolysaccharide storage diseases. Other 
alternatives include radiofrequency tissue reduction of the tonsils or tongue, partial epiglottectomy, hyoid expansion, and lingual tonsillectomy. [13] 

There have been no studies that have evaluated the efficacy of weight loss or oral appliances for SDB in the pediatric population.

Conclusions

The routine performance of polysomnography for the diagnosis of SDB in children is controversial. Surgical treatment usually entails an adenotonsillectomy, which has a 75% surgical success rate. If the symptoms are not alleviated, a 
postoperative polysomnogram would be indicated to determine the persistence of disease. Nasal CPAP is a good medical alternative to surgical therapy. Future technical developments will undoubtedly influence standard practice parameters 
and recommendations.
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Chapter 76 - OROPHARYNGEAL MALIGNANCY

Holger G. Gassner 
Alain N. Sabri 
Kerry D. Olsen 

INTRODUCTION

Oropharyngeal malignancies present unique challenges to treating physicians. The oropharynx is an integral part of the upper aerodigestive tract. In smooth anatomic and functional continuity, it merges with the nasopharynx, hypopharynx, 
and the oral cavity. These structures serve multiple functions, including speech and swallowing, immune defense, and respiration. Depending on their size and location, tumors at a relatively advanced stage tend to interfere with these 
functions. According to the tumor's origin, biology, and stage at presentation, the behavior of oropharyngeal cancers may range from nearly benign to aggressively malignant, requiring diverse treatment options. Prevention and early 
diagnosis are crucial to improve the prognosis and functional outcome of oropharyngeal cancer.

Diagnostic methods, surgical techniques, radiotherapy, and chemotherapy and understanding the effect of treatment modalities on patients' quality of life have improved in the past decade. Expanded use of lasers has enhanced the ability of 
surgeons to resect many oropharyngeal carcinomas. Reconstructive advances, including microvascular sensate free flap, have greatly improved the functional rehabilitation of patients with oropharyngeal cancer and their reintegration into 
society after treatment. Advanced radiotherapy and chemotherapy protocols have resulted in increased use of aggressive multimodality treatment regimens.

Although some studies have indicated that survival of patients with head and neck cancer has plateaued over the past 20 years, more recent data suggest that survival of patients with head and neck cancer may be improving.[14] [16] With high 
and increasing incidence, oropharyngeal cancer continues to be a serious health problem. Increased efforts and resources need to be directed at increasing survival, maximizing function, and reducing locoregional recurrence.

The evaluation and treatment of malignancies of the oropharynx require a thorough understanding of the relevant anatomy and embryology, importance and limitations of tumor staging, etiologic factors, histopathology, tumor biology, and 
clinical behavior of the cancer. The primary surgeon and the patient's primary physician play a critical role in the management of this disease. The surgeon's role includes the diagnostic workup, reviewing the treatment options, coordinating 
the treatment, and providing long-term follow-up. Consultation with appropriate specialists is important, because management of oropharyngeal tumors requires a multidisciplinary team approach that integrates the expertise of the head and 
neck cancer surgeon, as well as reconstructive surgeons, speech and swallowing therapists, prosthodontists, dentists, radiation and medical oncologists, specialized nursing staff, and social workers. Expert knowledge of the various surgical 
and nonsurgical treatment options is essential for proper patient counseling and treatment planning.

EMBRYOLOGY AND ANATOMY

Embryologic Overview

Familiarity with the anatomy of the oropharynx and its surrounding structures is essential to comprehend the behavior of oropharyngeal tumors and their management. Knowledge of the oropharynx's embryologic development allows for 
better understanding of subsite tumor division. An in-depth review of the embryology of the upper aerodigestive tract would exceed the scope of this text. Important basic considerations
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are presented only as they pertain to diagnosis and management of oropharyngeal cancer. [81] 

The embryonic oropharynx is of endodermal origin. Until the end of the third week of development, the buccopharyngeal membrane separates the endodermally derived lining of the embryonic pharynx from the ectodermally derived lining 
of the nasal cavities. This demarcation between endoderm and ectoderm is of considerable importance. Certain neoplasms, such as lymphoepitheliomas, are confined to the endodermally derived pharynx, whereas intestinal-type 
adenocarcinomas occur in the nasal cavities, but not in the pharynx.

By the fourth embryonic week, the pharyngeal apparatus consists of four elements: 

1.  The pharyngeal arches, which bound the embryonic pharynx laterally and ventrally.
2.  The pharyngeal grooves, which are external fissures that separate the pharyngeal arches from each other. These external grooves are matched internally by:
3.  The pharyngeal pouches, which are outpocketings of the pharyngeal endoderm.
4.  The pharyngeal membranes, which form where the ectoderm of each groove comes into contact with the endoderm of each pouch.

The epithelial lining of the anterior tongue up to the terminal sulcus, the salivary glands, and the palate are ectodermal derivatives of the first pharyngeal arch. The epithelium of the posterior tongue is an ectodermal derivative of the third 
pharyngeal arch. The third and the fourth pharyngeal arch also contribute to the formation of the hypopharyngeal eminence, a midline structure that gives rise to the epiglottis. The sensory innervation of the epithelium of the tongue reflects 
its divided origin. The anterior part is innervated by the trigeminal nerve, the posterior part by the glossopharyngeal nerve (nerve of the third pharyngeal arch). The lymphatic drainage patterns of the mucosa of the tongue reflect this 
embryologic division. In the ninth week, the secondary palate results from the fusion of the medial walls of the paired maxillary processes. The secondary palate is delineated from the primary palate in an anterior to posterior dimension by 
the incisive foramen. It is composed of the posterior aspect of the hard palate and the soft palate. The structures of the secondary palate are derived from the same embryologic origin, and they share an undivided lymph system.

The tonsillar fossa originates from the endoderm of the second pharyngeal pouch. This tissue proliferates and forms the tonsillar crypts. The underlying mesenchyme differentiates into the lymphoid tissue of the tonsils, as well as the 



remainder of Waldeyer's ring. The embryologic heterogeneity of the palatine tonsils serves as one explanation for the different biologic behavior of tonsillar malignancies.

Surgical Anatomy

Anatomically the oropharynx includes four different sites: (1) the base of the tongue; (2) the soft palate; (3) the palatine tonsillar area (fossa and pillars); and (4) the posterior pharyngeal wall.

The oropharynx is delineated in its vertical dimension by a horizontal line parallel to the superior surface of the soft palate superiorly and the superior surface of the hyoid bone (or floor of the valleculae) inferiorly ( Figure 76-1 ). The 
anterior borders of the oropharynx include the soft palate and uvula, the anterior border and base of the anterior tonsillar pillars, and the circumvallate papillae of the tongue base. Frequently, lingual tonsil tissue gives an irregular mucosal 
surface to the tongue base. This may make it difficult to distinguish normal lymphatic from pathologic mucosal conditions with palpation and observation. The lingual tonsil forms part of Waldeyer's ring, an area of lymphoid tissue that also 
includes the palatine tonsils and the adenoid pad. This tissue is the most common extranodal site for non-Hodgkin lymphoma in the head and neck area and also frequently harbors epithelial tumors. The paired valleculae are two grooves 
formed by the transition from the tongue base to the epiglottis. The valleculae are delineated laterally by the lateral glossoepiglottic (or pharyngoepiglottic) folds and are separated from each other in the midline by the median glossoepiglottic 
fold ( Figure 76-2 ). Embryologically, the epiglottis is derived from midline adjacent structures, as is the tongue base. Many people, therefore, regard the epiglottis as distinctive in behavior compared with the glottic larynx.[71] 

Anatomically, the junction of the hard and soft palate is the transition from the oral cavity to the oropharynx. The soft palate's predominant function is to separate the nasal cavity from the rest of the aerodigestive tract during speech and 
swallowing. Integral to its function is the palatine aponeurosis, an extension of the periosteum of the hard palate in which two important muscles insert—the tensor veli palatini and the levator veli palatini. The tensor veli palatini, innervated 
by the mandibular nerve (cranial nerve V3), curves around the pterygoid hamulus to insert horizontally in the palatine aponeurosis. The levator veli palatini, innervated by the pharyngeal plexus (cranial nerves IX and X), extends from the 
undersurface of the temporal bone to the palatine aponeurosis. The uvula, an appendix at the posterior end of the soft palate, is an unpaired midline structure that touches the tongue base at rest. It consists of
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Figure 76-1 Surface anatomy of the oropharynx. 

 

Figure 76-2 Cross-sectional anatomy of the oropharynx. 



 

Figure 76-3 Deep anatomy of the oropharyngeal muscles, nerves, and blood vessels. 

 

Figure 76-4 Cross-section through the oropharynx and neighboring structures. (Modified from van Huijzen C: Adv Otorhinolaryngol 34:242, 1984. By permission of S. Karger AG.) 



 

Figure 76-5 Inverted pyramidal shape of parapharyngeal space. (From Olsen KD: Laryngoscope 104(Suppl 63):1, 1994. By permission of the American Laryngological, Rhinological, and Otological Society.) 

 

Figure 76-6 Prestyloid and retrostyloid compartments of the parapharyngeal space. Mas, Masseter muscle; MPt, lateral pterygoid muscle; Di, posterior belly of digastric muscle; Scm, sternocleidomastoid muscle; P, parotid gland. (Modified 
from Olsen KD: Laryngoscope 104(Suppl 63):1, 1994. By permission of Mayo Foundation.) 

 

Figure 76-7 Location of medial and lateral retropharyngeal nodes. (From Feind CR: The head and neck. In Haagensen CD and others, editors: The lymphatics in cancer, Philadelphia, 1972, WB Saunders, p 59. By permission of the 
publisher.) 



 

Figure 76-8 Lymph node chains of the neck that may be involved with cervical metastatic spread from oropharyngeal tumors. A, Superficial cervical and facial nodes. B, Deep cervical and intraparotid lymph nodes. 

 

Figure 76-9 Lymphatics of the base of the tongue, with jugulodigastric node involved first. 

 

Figure 76-10 Bilateral base of the tongue lymphatic drainage. 



 

TABLE 76-1 -- PERCENTAGE INCIDENCE OF CERVICAL LYMPH NODE METASTASIS AS DETERMINED BY CLINICAL EXAMINATION

 NODE STAGE

Location and Tumor Stage N0 N1 N2 

Oropharyngeal wall    

••T1 75 0 25

••T2 70 10 20

••T3 33 23 45

••T4 24 24 52

Soft palate    

••T1 92 0 8

••T2 64 12 25

••T3 35 26 39

••T4 33 11 56

Tonsillar fossa    

••T1 30 41 30

••T2 33 14 54

••T3 30 18 52

••T4 11 13 77

Base of tongue    

••T1 30 15 55

••T2 29 15 57

••T3 26 23 52

••T4 16 9 76

From Lindberg R: Cancer 29:1446, 1972. By permission of the American Cancer Society.
 
in situ and finally to invasive carcinoma has also been applied to squamous cell carcinoma of the upper aerodigestive tract.[101] This process of malignant transformation is variable and unpredictable. According to the World Health 
Organization (WHO), premalignant lesions are "morphologically altered tissue in which cancer is more likely to occur than its apparently normal counterpart."[66] [83] Precancerous 

 
Figure 76-11 A, Oral tongue leukoplakia before treatment. B, Appearance after successful treatment. 

 

Figure 76-12 Lymphoma of the tonsil (arrow). 



 

TABLE 76-2 -- WHO GRADING SYSTEM FOR ORAL SQUAMOUS CELL CARCINOMA

Grade Description

1 Well differentiated. Histologic and cytologic features closely resemble those of the squamous epithelial lining of the oral mucosa. There are varying proportions of basal and squamous cells with 
intercellular bridges; keratinization is a prominent feature; few mitotic figures are seen and atypical mitoses or multinucleated epithelial cells are extremely rare; nuclear and cellular polymorphism is 
minimal.

2 Moderately differentiated. This is a neoplasm with features intermediate between well differentiated and poorly differentiated. Compared with well-differentiated squamous cell carcinoma, these 
tumors have less keratinization and more nuclear and cellular pleomorphism; there are mitotic figures and some are abnormal in form; intercellular bridges are less conspicuous.

3 Poorly differentiated. Histologically and cytologically there is only a slight resemblance to the normal stratified squamous epithelium of the oral mucosa. Keratinization is rarely present, and 
intercellular bridges are extremely scarce; mitotic activity is frequent and atypical mitoses can readily be found; cellular and nuclear pleomorphism are obvious and multinucleated cells may be frequent.

From Pindborg JJ and others: Histological typing of cancer and precancer of the oral mucosa, ed 2, Berlin, 1997, Springer-Verlag, p 11. By permission of the publisher.
 
INCIDENCE

Worldwide, approximately 390,000 new cases of cancer of the oral cavity and oropharynx are diagnosed annually. The incidence of these tumors is particularly high in South Central Asia, South Africa, and Europe. Data from developed 
nations, including Western Europe, indicate that the incidence is increasing. In the United States, the incidence of oral and pharyngeal cancer is 11.9/100,000 population per year with approximately 30,000 new cases per year. Age-adjusted 
incidence and mortality rates increase with age and are almost three times higher in men than in women. Among men, the highest rates are in blacks, followed by whites (especially non-Hispanic whites), Vietnamese, and native Hawaiians. 
Less variation occurs in women, among whom high rates occur in non-Hispanic whites, blacks, and Filipinas. Although reasons for these racial-ethnic and gender differences have not been established, differences in the extent of exposure to 
risk factors for oral cavity cancer are presumably largely responsible.

Incidence rates for oral cavity cancer increase with age, most notably in the 30- to 54-year-old group and the 55- to 69-year-old group. The mortality rates increase with age in all groups except black men and women aged 70 years or older.[103] 
[104] Overall, the observed frequency of seeing new cases of oropharyngeal cancer seems to be increasing faster than any other area of the head and neck.

ETIOLOGY

Tobacco products and alcohol are the most common etiologic factors associated with SCC of the upper aerodigestive tract, including oropharyngeal SCC. Epidemiologic investigations have provided conclusive evidence that the use of 
tobacco products and alcohol increases the risk for oral and oropharyngeal cancer. Compared with persons who have never smoked, smokers have an increased relative risk of 2.7 for 1 to 20 cigarettes per day and 9.0 for more than 20 
cigarettes per day. Cigarettes with higher tar content are associated with a higher rate of oral and oropharyngeal cancer.[45] The relative risk also increases steadily with the amount of alcohol consumed, from 1.2 for 1 to 4 drinks per week to 
3.3 for 15 to 29 drinks per week and 8.8 for more than 30 drinks per week. The relative risk seems to increase in a supramultiplicative fashion when heavy drinking and smoking are combined.[17] 

Chewing betel nut, a widespread habit in some parts of the world, is also a known etiologic factor for oral and pharyngeal cancer. Data from the European EPIC database indicate that the consumption of fresh fruit and vegetables reduces the 
relative risk for cancer of the upper aerodigestive tract by one-third to one-half. [60] 

The presence of human papillomavirus (HPV type 16) is considered a risk factor for SCC of the tonsil. HPV has been identified in cervical lymph nodes of patients with cervical node metastasis from tonsillar cancer.[48] [78] [120] [132] Recent data 
suggest that the presence of HPV in cancers of the oral cavity and oropharynx may also be of prognostic importance. HPV-infected men had longer survival than HPV-negative men. This same effect was not identified in women.[105] Tumor-
specific vaccines and altered treatment protocols for HPV-positive disease are under investigation. At present, in most major centers, HPV status does not affect the treatment plan for oropharyngeal cancers.
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Diagnosis, Staging, and Evaluation

Obtaining a complete history and performing a thorough physical examination represent the most important elements of a complete diagnostic workup. A problem with oropharyngeal cancer is delay in diagnosis. Tumors of the upper 
aerodigestive tract can grow rapidly, with tumor doubling rates of less than 6 weeks. Survival decreases markedly with more advanced tumor stage. Therefore, accurate early diagnosis and treatment are crucial to obtain good results after the 
management of oropharyngeal cancer. Once the diagnosis is suspected, the time between completion of the diagnostic workup and initiation of treatment should be days, not weeks or months.

Early symptoms of oropharyngeal carcinoma include throat irritation, a burning sensation with acidic food, neck lump, and odynophagia. Referred unilateral otalgia is common. Hemoptysis or oral bleeding can occur with tonsillar cancers. 
Such symptoms should not be treated empirically with antimicrobial and topical anesthetic agents without first performing a thorough head and neck examination. Early referral to a specialist can often establish an early diagnosis and thus 
result in improved prognosis of oropharyngeal carcinoma.



The late symptoms of oropharyngeal cancer include dysphagia, dysarthria or "hot potato voice," trismus, obstructive airway symptoms, serous otitis media secondary to eustachian tube obstruction, weight loss, and inanition. The presence 
and duration of early and late symptoms must be documented.

The tumor-host interaction is one of the most overlooked aspects of predicting tumor behavior. Another important observation is whether a tumor remains unchanged for many months or is growing rapidly. Risk factors such as the amount 
and duration of tobacco and alcohol use, nutritional habits, the time frame and extent of any weight loss, and the presence of comorbid conditions must be noted. A complete examination of the head and neck is performed in a systematic 
fashion. Care is taken to evaluate the patient for a synchronous neoplasm, which occurs in up to 20% of patients with head and neck cancer. Initial visual inspection of the oral and oropharyngeal cavities and neck must be thorough.

Adequate inspection of oropharyngeal lesions requires the use of both the flexible nasopharyngoscope and the laryngeal mirror. The mirror supplements the flexible examination and gives a more accurate assessment of color changes and 
surface irregularities, especially at the tongue base. The flexible scope permits evaluation of the posterior surface of the palate and the tongue base and larynx when gagging is a problem. Manual pulling of the tongue helps when visualizing 
the vallecula, especially with the flexible nasopharyngoscope. Retraction of the anterior tonsillar pillars enables the examining physician to better see the palatine tonsils. Palpation of the oropharynx should always be performed ( Figure 76-
13 ). This allows the assessment of potential fixation of the tumor to the mandible and is the best way to evaluate submucosal extent in the tongue base. Repeat visualization of the oropharynx after palpation may identify subtle mucosal 
abnormalities that bleed after digital pressure.

The examination also includes an assessment of the status of the dentition, as well as a full cranial nerve examination. The entire upper aerodigestive tract should be assessed in all patients with oropharyngeal tumors. The neck should be 
carefully palpated for the presence of metastatic nodal involvement. Documenting the location (level I through VI), size, mobility, and relationship of node(s) to adjacent structures and to the primary tumor is important ( Figure 76-14 ). 
Direct extension of the primary tumor into the neck should not be overlooked. Clinical staging of the primary tumor and of the cervical lymph nodes must be recorded. The AJCC Cancer Staging Manual [51] contains forms that facilitate and 
standardize the staging of head and neck tumors.

Unique Presentations

Unknown Primary Tumor

Management of a metastatic neck mass of unknown origin poses both diagnostic and therapeutic challenges. After a thorough history and examination in the office, if no primary tumor is found, the neck mass is biopsied by fine-needle 
aspiration (FNA). If the mass is small or deep, ultrasonography to guide FNA improves accuracy. If the node is cystic, the wall of the node can be biopsied with ultrasonographic guidance. If the cytopathologist notes SCC, computed 
tomography (CT), magnetic resonance imaging (MRI), 

 
Figure 76-13 Bimanual palpation of the oropharynx. 

 

Figure 76-14 Palpation of the lymph node. The sternocleidomastoid muscle is grasped between the thumb and index finger, allowing structures beneath the muscle to be palpated. 

 

TABLE 76-3 -- DEFINITION OF THE TNM STAGING SYSTEM

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

Oropharynx



T1 Tumor ≤2 cm in greatest dimension

T2 Tumor >2 cm but ≤4 cm in greatest dimension

T3 Tumor >4 cm in greatest dimension

T4a Tumor invades the larynx, deep or extrinsic muscle of tongue, medial pterygoid, hard palate, or mandible

T4b Tumor invades lateral pterygoid muscle, pterygoid plates, lateral nasopharynx, or skull base or encases carotid artery

Regional lymph nodes (N)

Oropharynx and hypopharynx

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node ≤3 cm in greatest dimension

N2 Metastasis in a single ipsilateral lymph node >3 cm but ≤6 cm in greatest dimension, or in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension, or in bilateral or contralateral lymph nodes, none >6 cm in 
greatest dimension

N2a Metastasis in a single ipsilateral lymph node >3 cm but ≤6 cm in greatest dimension

N2b Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension

N3 Metastasis in a lymph node >6 cm in greatest dimension

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the AJCC Cancer Staging Manual, Sixth Edition (2002) published by Springer-Verlag New York, www.
springer-ny.com.
 
with N categories (indicating extensive regional lymph node disease) and the M category (distant metastasis), facilitate classification of the most advanced stages into three groupings: advanced lower-risk stage IVA (potentially curable), 
advanced high-risk stage IVB (of dubious curability), and stage IVC with distant metastatic disease (very likely incurable).[91] 

 
TABLE 76-4 -- STAGE GROUPING FOR OROPHARYNX AND HYPOPHARYNX

Stage  Group  

0 Tis N0 M0 

I T1 N0 M0 

II T2 N0 M0 

III T3 N0 M0 

 T1 N1 M0 

 T2 N1 M0 

 T3 N1 M0 

IVA T4a N0 M0 

 T4a N1 M0 

 T1 N2 M0 

 T2 N2 M0 

 T3 N2 M0 

 T4a N2 M0 

IVB T4b Any N M0 



 Any T N3 M0 

IVC Any T Any N M1 

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is the AJCC Cancer Staging Manual, Sixth Edition (2002) published by Springer-Verlag New York, www.
springer-ny.com.
 
A note of caution is warranted when interpreting data based on the currently used TNM staging system for oropharyngeal lesions. Staging categories change over time and are different in other areas of the world. Staging the primary tumor is 
based on tumor size, which is usually measured on its surface. The size of tumors extending deep into the tissues (e.g., of the tongue base) may therefore be underestimated on clinical examination. Measurement of the primary tumor on 
imaging studies such as MRI and CT scan is also limited by potentially inaccurate delineation of tumor margins with inflammatory tissue reaction and poor demarcation from healthy areas. MRI imaging may lead to overestimation of tumor 
size, and measurement of tumor size on a pathologic specimen may be skewed by shrinkage of the specimen. The fact that staging before nonsurgical treatment protocols is not based on pathologic examination introduces uncertainties 
regarding the pretreatment stage and tumor biology. Tumor staging is also challenging, because it is based on a varying combination of clinical, radiographic, surgical, and pathologic assessment. It is sometimes performed in retrospect, and 
other variables such as evaluator experience are not controlled.

The primary origin of a lesion is often not identifiable, and determining whether a tumor began in the tonsil or in the base of the tongue may not be possible. Distinguishing a supraglottic cancer from a
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vallecular tongue base cancer is not easy if both areas are invaded. Carcinoma of the tonsillar fossa may involve the retromolar trigone, the soft palate, and the lateral pharyngeal wall. Oropharyngeal cancers may then be classified as lesions 
of the oral cavity or oropharynx or supraglottic larynx, and their clinical course and treatment outcomes may be compared inaccurately with other scientific studies. Tumors with more favorable prognosis could be included in a study, 
whereas those with a less favorable prognosis could be excluded.

The structures of the posterior oral cavity, Waldeyer's ring, and tongue base can be viewed as a single area. Some authors argue that tumors originating in this area exhibit similar biologic behavior and should be categorized as a single entity.
[32] 

The phenomenon of "stage migration" affects outcome studies. The statistical length of a patient's survival may be prolonged without altering the duration of life when more sensitive imaging techniques detect primary or metastatic disease 
earlier than prior imaging studies. Even if the treatment is ineffectual, the period of survival is increased by the increment provided by presymptomatic detection of the disease. With more sensitive imaging modalities such as the PET scan, a 
proportion of patients are assigned to a higher TNM stage than they would have been in the past. Regional or distant metastases are now detected earlier. The introduction of a new therapeutic regimen can produce the illusion of improved 
survival simply because longer survival coincides with the introduction of an improved diagnostic instrument. [39] The effect is even greater when tumors are "upstaged" because of presumed positive neck disease, when the nodes in question 
are actually negative. This may significantly alter the reported outcome in patient populations that undergo nonsurgical treatment.

One of the most serious weaknesses of most staging systems is the omission of patient-related variables such as comorbid conditions, the amount of consumed alcohol, and tumor-host immunologic functions. Feinstein and others [38] 
emphasized that the ability of the host to limit tumor growth and resist metastasis is a crucial determinant of a patient's prognosis. More recent studies show that the overall performance status and state of health of an individual impact 
survival to a similar degree as do morphologic tumor features. Comorbid conditions have been identified as important prognostic indicators in patients with head and neck cancer. The presence of these comorbid conditions likely reflects the 
capacity of the immune system to control the tumor and to impact overall survival. [38] [94] [95] [154] The speed of tumor growth seems to be a good clinical indicator for the state of the tumor-host interaction. Müller-Vogt and others[84] identified 
subclinical immune deficiencies in cancer patients with low-risk-factor profiles. These patients had head and neck cancer develop at a young age. These findings justify larger future studies to identify immune defects as an independent risk 
factor for head and neck cancer.

The TNM system has been designed for the staging of primary tumors. However, the same criteria are used to stage recurrent tumors. The prefix "r" is added to the TNM stage to indicate that a recurrence is present. A number of authors have 
pointed out that the prognostic value of the TNM system for recurrences is limited. [68] 

MYTHS AND LEGENDS

Historically, cancer of the tonsil has been regarded by some as oncologically unique. These tumors were thought to be highly anaplastic, wildly metastatic, relatively inaccessible, and unusually radiosensitive. Surgical outcomes were 
believed to be poor, because of the tumors' inaccessibility and functional deficiencies after composite operations. In actuality, the overall behavior of these tumors is not different from tumors of the anterior oral cavity. The main difference is 
that oropharyngeal cancers are detected at a more advanced stage than many tumors of the oral cavity. For SCC, the rate of regional and distant metastasis in the oral cavity and oropharynx, when matched for primary tumor stage, is similar. 
Some tumor types such as lymphoepithelial carcinoma are unique to Waldeyer's ring. These tumors do behave differently than SCC. The role of radiotherapy for oropharyngeal carcinoma is still evolving. Many centers follow similar 
treatment approaches for tumors of the oral cavity and oropharynx. Surgery is the primary treatment for resectable disease, followed by postoperative radiotherapy, when indicated by pathologic high-risk factors for the primary and neck 
disease. These factors include stage, grade, interlymphatic tumor cells in the primary specimen, presence of extranodal extension, desmoplasia, multiple nodes, low nodes, and atypical metastasis.

Preservation of organ function has guided the development of modern therapeutic approaches. The indications for function-preserving transoral surgery have been vastly expanded and now allow resection of most tumors of Waldeyer's ring 
with low morbidity and excellent preservation of function in most cases. Resection of the tonsil and up to half of the tongue base usually causes minimal morbidity. Swallowing and speech are preserved. Mandibulectomy is reserved for cases 
with osseous invasion and is not common. Even for extensive disease, most resections do not require laryngectomy or subtotal glossectomy or loss of most of the soft palate. [32] [33] [149] 
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CONSIDERATIONS FOR TREATMENT OF THE NECK

Knowledge of cervical metastasis from oropharyngeal carcinoma is derived from retrospective studies, limited prospective data, and conclusions from anatomic observations. Recent studies correlate well with the landmark article by 



Lindberg[73] on the incidence and distribution of regional metastasis in head and neck cancer. This is outlined in Table 76-5 .

Cervical metastasis correlates with tumor size, depth of infiltration, and the architecture of the lymphatic system at the primary site. Neck metastases are present in approximately 65% of patients with oropharyngeal carcinoma. Overall, 1 in 
10 of these patients has occult metastasis, and approximately 30% of clinically negative necks (cN0 ) at diagnosis are histologically positive (pN+ ). [62] [123] The risk of occult metastasis in the cN0 has been shown to increase with tumor size.[42] 

Most studies have shown that the presence of regional metastasis decreases survival by about half.[145] The present staging system includes the number, size, and location of positive lymph nodes. The location of regional metastasis has also 
been correlated with survival. Jones and others[61] examined 3419 patients with head and neck SCC of whom 947 had neck node metastases. The level of nodal disease was found to be a prognostic indicator of survival, which was reduced 
with increasing nodal level. The 5-year survival was 37% for nodal disease at the upper jugular, 32% for deep cervical nodes, and 25% for lower deep cervical nodes. Supraclavicular and posterior triangle nodal metastasis had the worst 
prognosis.

 
TABLE 76-5 -- INCIDENCE OF CERVICAL LYMPH NODE METASTASES BASED ON CLINICAL EXAMINATION OF 1155 PATIENTS

  INCIDENCE, %

Area Primary Tumor (T) N0 N1 N2–3 

Tonsillar fossa T1 29 41 29

 T2 32 14 53

 T3 30 18 52

 T4 10 13 76

Base of the tongue T1 30 15 55

 T2 29 14 56

 T3 25 23 51

 T4 15 8 76

Soft palate T1 92 0 8

 T2 63 12 24

 T3 35 26 39

 T4 33 11 56

 
The surgical management of metastatic neck disease depends on the degree of involvement of the cervical nodes. In general, most N2 /N3 tumors are managed with radical neck dissection as described by Crile,[29] and N1 /N0 by a variation of 
select or modified neck dissection as described by Suarez,[133] Bocca,[18] and Calearo and Teatini.[24] These procedures are discussed in detail elsewhere in this text. To date, no diagnostic modality accurately predicts the absence or presence of 
regional metastasis in the neck.[3] [65] [124] CT, MRI, and clinical evaluation have been shown to have an accuracy of approximately 70% to 80%.[116] Ultrasonography has been reported to have somewhat higher accuracy, and PET scanning is still 
being studied. Without question, the standard diagnostic test remains neck dissection with histologic examination of the removed nodes. The number of sections performed and the pathologic expertise in identifying micrometastasis remain 
important factors. Staging neck dissection for clinically N0 nodes has very low morbidity in experienced hands. A select neck dissection is indicated in most patients initially seen with oropharyngeal SCC, even if the neck is clinically and 
radiographically negative.

Histopathologic study of the surgical specimen can provide important information for additional treatment recommendations for patients with oropharyngeal cancer. When a T1 or T2 primary tumor has been resected with negative margins 
and the neck dissection shows minimal or no neck disease, the added morbidity of postoperative radiotherapy can be avoided. Histologic features that predict poorer outcome include extracapsular spread, four or more lymph nodes involved, 
invasion of the vascular-lymphatic space, invasion of soft tissue, adherence to nerves, and desmoplastic stromal pattern.[89] The type of neck dissection performed is individualized for each patient. Controversy exists as to the extent of the 
primary neck dissection in clinically N0 oropharyngeal cancer. Select level I through III (supraomohyoid) neck dissections and select level II through IV dissections have been described for oropharyngeal cancers.[23] [25] Recent series show that 
levels II and III are most frequently positive. However, a number of positive nodes are located in levels I and IV, approximately 10% in each location. Even solitary positive nodes (skip lesions) have been described in patients for levels I and 
IV. Many surgeons therefore include levels I and IV in select neck dissection for oropharyngeal cancer.[62] [143] The cancer's extent, volume, and location dictate whether the sternocleidomastoid muscle, internal jugular vein, and cranial nerve XI 
must be included in the dissection. Generally, level V nodes are not removed unless there are positive nodes in the other areas.
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Contralateral metastasis is frequent in oropharyngeal carcinoma, especially with lesions of the soft palate and tongue base. Contralateral spread may be the result of crossing afferent lymphatics. In certain anatomic areas, there is no definite 
midline, and the superficial lymphatics form a network with the capacity to direct flow to either side. Retrograde flow through efferent lymphatics may also occur across the midline when regional lymphatics have been obstructed. This 
occurs with previous surgery, irradiation, or involvement of proximal channels and nodes with disease. When the primary lesion has the potential for contralateral metastasis, bilateral neck dissection may be indicated, or the contralateral 
clinically negative neck may be irradiated.[4] Contralateral metastasis occurs in approximately 20% of tongue base tumors, although this occurs usually with large tumors that cross the midline or are high grade and in patients with severe 
ipsilateral disease. An unusual pattern of regional metastasis may also indicate a second primary tumor.

SURGICAL APPROACHES



Various approaches are used for surgical access to oropharyngeal tumors. The inferior and posterior aspects of the oropharynx are hidden and may be difficult to expose adequately. The proximity of the mandible, the complex vascular and 
neural anatomy of the parapharyngeal space, and the narrow oropharyngeal introitus make resection of moderate-sized to large-sized tumors a challenge. Excellent exposure of the tumor and surrounding structures is essential for the safe 
removal of these cancers. The goal is to obtain wide negative margins and, when necessary, use the appropriate reconstruction. Most cases also require neck dissection, so careful incision planning is important. The 

 
Figure 76-15 The lip-splitting incision combined with the neck incision allows good access to the neck, the oropharynx, and the mandible. A, Lateral view; B, frontal view. 

 

Figure 76-16 The visor flap allows good access to the oral cavity and oropharyngeal area. 

 

Figure 76-17 T2 left tonsillar SCC. 

 

Figure 76-18 Transoral exposure. 

 

Figure 76-19 Transoral laser resection of a tongue base and epiglottic tumor. 



 

Figure 76-20 The transhyoid or suprahyoid approach allows access to the base of the tongue from the neck area. 

 

Figure 76-21 The suprahyoid musculature is released from the hyoid bone, and the vallecula is entered. 

 

Figure 76-22 After identification and retraction of the lingual artery, a tongue base tumor is grasped and exposed through a transhyoid pharyngotomy approach. 

 

Figure 76-23 The epiglottis and tongue base are exposed through a lateral pharyngotomy approach. (From Carrau RS: Lateral pharyngotomy. In Myers, EN, editor: Operative otolaryngology: head and neck surgery, Philadelphia, 1997, WB 
Saunders, p 242. Used with permission.) 

 



Figure 76-24 Anterior mandibulotomy may be used to expose the oropharynx. Incision along the medial aspect of the mandible is made to obtain posterior exposure. Arrows indicate direction of tissue retraction. 

 

Figure 76-25 Wide exposure of the tongue base through the mandibular swing approach. 

 

Figure 76-26 Reapproximation of anterior mandibulotomy with wires. Making bony cuts in steps creates more stable approximation. 

 

Figure 76-27 Combination of the mandibular swing approach with a median glossotomy allows approach to median tongue base lesions. 

 

Figure 76-28 A, Partial mandibulectomy, including the inner table of the mandible. The body of the mandible is intact. B, More extensive partial mandibulectomy, maintaining continuity of the mandible. 

 

Figure 76-29 Graphic representation of the "reconstructive ladder" concept, which should be followed, and reconstruction is individualized on a case-by-case basis. 



 

TABLE 76-6 -- RECONSTRUCTIVE OPTIONS FOR THE OROPHARYNX

Small defects Healing by secondary intention

 Primary closure

 Split-thickness skin grafts

 Buccal mucosal flap

 Submental flaps

 Palatal island flaps

Moderate defects Healing by secondary intention

 Primary closure

 Split-thickness skin grafts

 Local flaps

 Pectoralis major myocutaneous flap

 Lower trapezius flap

 Pedicle latissimus dorsi flap

Large defects Large pedicle flaps

 Microvascular free flaps

 Radial forearm (sensate)

 Lateral arm (sensate)

 Rectus abdominis

 Jejunum

 Gastroomental

 Latissimus dorsi

Large composite bone defects Scapula osteocutaneous free flap

 Fibula (sensate) free flap

From Sabri A: Curr Opin Otolaryngol Head Neck Surg 11:251, 2003. By permission of Lippincott Williams & Wilkins.
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primarily by releasing the remaining pharyngeal segments and pulling them together.

Healing by Secondary Intention

This is an excellent reconstructive option that is easy and may be useful in various situations, because the oropharyngeal tissues heal well by granulation. Sensation is also preserved with this method, which allows for better function. Small 



pharyngeal wall defects may be allowed to granulate if the prevertebral fascia is left intact. This method is used in general if there are no communications with the neck and no exposure of bone or major neurovascular structures. Wide-field 
tonsillar defects that may include a small portion of the lateral tongue base may granulate with excellent speech and swallowing function. Similar to primary closure, this reconstructive method avoids tethering of the tongue or of mobile 
structures by a large and heavy flap, and it results in excellent function. Small non-through-and-through palatal defects heal well by secondary intention. However, extensive contraction may result in velopharyngeal insufficiency.

Patients who have bone exposure, communication with the neck, diabetes mellitus, poor tissue vascularity, primary history of irradiation, or poor nutritional status have better results after reconstruction with a flap. These patients are not 
good candidates for primary closure or healing by secondary intention.

Skin Grafts

Split-thickness grafts are a good option for closure of small-sized to moderate-sized defects. This may be 

 
Figure 76-30 The palatal island flap is based on the greater palatine vessels. 

 

Figure 76-31 The palatal island flap is used to cover the retromolar trigone area. 

 

Figure 76-32 The neurovascular anatomy of the pectoralis major myocutaneous flap. (From Urken ML, Biller HF: Pectoralis major. In Urken ML and others, editors: Atlas of regional and free flaps for head and neck reconstruction, New 
York, 1995, Raven Press, p 3. By permission of Lippincott Williams & Wilkins.) 

 

Figure 76-33 The deltopectoral flap is based on the internal mammary perforators from the second and third intercostal arteries. (From Urken ML, Biller HF: Deltopectoral. In Urken ML and others, editors: Atlas of regional and free flaps 
for head and neck reconstruction, New York, 1995, Raven Press, p 85. By permission of Lippincott Williams & Wilkins.) 



 

Figure 76-34 The latissimus dorsi flap is based on the thoracodorsal artery, a branch of the subscapular artery. Neural anastomosis of branches of the thoracodorsal nerves is used for motor innervation. (From Urken ML, Sullivan MJ: 
Latissimus dorsi. In Urken ML and others, editors: Atlas of regional and free flaps for head and neck reconstruction, New York, 1995, Raven Press, p 237. By permission of Lippincott Williams & Wilkins.) 

 

Figure 76-35 The vascular anatomy of the radial forearm free flap. The radial artery is located between the flexor carpi radialis muscle and the brachioradialis muscle and terminates in the deep palmar arch. The superficial palmar arch is 
supplied by the ulnar artery. (From Urken ML: Radial forearm. In Urken ML and others, editors. Atlas of regional and free flaps for head and neck reconstruction, New York, 1995, Raven Press, p 149. By permission of Lippincott Williams 
& Wilkins.) 



 

Figure 76-36 The radial forearm free flap is harvested as a fasciocutaneous free flap based on the radial artery. (Modified from Urken ML: Radial forearm. In Urken ML and others, editors: Atlas of regional and free flaps for head and neck 
reconstruction, New York, 1995, Raven Press, p 149. By permission of Lippincott Williams & Wilkins.) 

 

Figure 76-37 The neurovascular anatomy of the lateral arm free flap. (From Sullivan MJ, Urken ML: Lateral arm. In Urken ML and others, editors. Atlas of regional and free flaps for head and neck reconstruction, New York, 1995, Raven 
Press, p 169. By permission of Lippincott Williams & Wilkins.) 

 

Figure 76-38 The vascular supply of the fibula free flap is based on the peroneal artery and its musculocutaneous or septocutaneous perforators. (Modified from Urken ML, Sullivan MJ: Fibular osteocutaneous. In Urken ML and others, 
editors: Atlas of regional and free flaps for head and neck reconstruction. New York, 1995, Raven Press, p 291. By permission of Lippincott Williams & Wilkins.) 
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Chapter 77 - RECONSTRUCTION OF THE OROPHARYNX

S. Mark Taylor 
Bruce H. Haughey 

INTRODUCTION

The complexity of the human upper aerodigestive tract renders oropharyngeal reconstruction one of the most challenging tasks in the field of head and neck surgery. Successful reconstruction requires detailed knowledge of the normal 
anatomic and physiologic mechanisms that exist in this area, in combination with the surgical expertise and insight to execute various techniques for a multitude of defects. This chapter will discuss the various options for reconstruction of 
oropharyngeal defects and the decision-making process the surgeon must go through when encountered with specific defects in this area.

Oropharyngeal reconstruction has gone through several stages in the past 25 years. Reconstruction of this area before the advent of the pectoralis major flap proved difficult and was commonly complicated by wound infection and 
breakdown. First described in 1979 by Ariyan and Baek, the pectoralis major myocutaneous flap revolutionized head and neck reconstruction at that time and added a new dimension to our reconstructive capability.[3] [4] This was soon 
followed by the introduction of free tissue transfer with the belief that reconstructions could now be performed that rendered the patient functionally and esthetically superior. Despite these advances in reconstruction, the overall survival rate 
for patients with oropharyngeal cancer has not changed.[60] 

Several factors influence reconstructive decision making. First, one must consider the overall medical condition of the patient with particular emphasis on comorbidities such as peripheral vascular disease, diabetes, previous radiotherapy, and 
nutritional insufficiency, because these conditions may adversely affect postoperative wound healing. A detailed medical history should be obtained to determine the patient's ability to tolerate extensive surgery. Severe coronary artery 
disease, chronic obstructive pulmonary disease, or poor overall functional status or prognosis may preclude a complicated time-consuming reconstruction. Instead, a reliable and more expedient reconstructive technique should be considered. 
The reconstructive surgeon should have a detailed preoperative discussion with the patient to determine which donor site would be most appropriate given the patient's lifestyle and expectations.

Careful three-dimensional (3D) analysis of the defect is critical at the conclusion of the ablative portion of the case. The size of the primary tumor, specifically the T stage, has been shown to directly correlate with the functional status of the 
patient in the postoperative period.[14] The soft-tissue and the bony defect should be determined. The purpose of the soft-tissue reconstruction is to reestablish bulk, sensation, and a remucosalized passageway for respiration and deglutination. 
The dimensions of the defect should be measured with a ruler, or a template of the defect can be fabricated with esmarch. The subsites of the oropharynx involved should be determined. Although this chapter focuses on oropharyngeal 
reconstruction, these defects do not exist in isolation. Factors such as laryngeal and mandibular arch preservation must be taken into account before determining the reconstruction of choice. For example, a base of tongue defect in 
combination with a supraglottic laryngectomy may be best reconstructed with a sensate fasciocutaneous free flap opposed to a musculocutaneous flap that cannot be reinnervated. Also, surgeon and hospital factors come into play in the 



decision-making process. A surgeon will decide on a reconstructive technique on the basis of his or her experience and level of training. Hospital factors include the availability of an intensive care unit, microsurgical instrumentation, and 
appropriate paramedical staff for rehabilitation.

Cost has also become a factor in recent times. Managed care has impacted most American centers, and more cost-effective methods of reconstruction are often stressed. The use of free tissue transfer for
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oropharyngeal reconstruction has been compared with pedicled soft tissue transfer. These studies have demonstrated that the operative costs are higher in the free flap group; however, the overall costs are lower compared with the pectoralis 
major flap.[38] [74] In other areas where universal health care systems are in place, operative time and long waiting lists may dictate which form of reconstruction is used. All things being equal, however, the most important determining factor 
should come down to quality of life for the patient. The method of reconstruction chosen must give the patient the best chance of reestablishing an oral diet and a stable airway without cannulation. It has been shown that quality of life and 
functional status can be restored at 6 months after microvascular reconstruction for advanced (T3 , T4 ) oropharyngeal cancers, and most have improved posttreatment scores at 1 year.[54] 

OPTIONS FOR RECONSTRUCTION

Various reconstructive options are available for defects of the oropharynx. It is helpful for the surgeon to consider the reconstructive ladder and to work through the possible techniques for a given defect starting with the simplest and 
progressing to the more complicated ( Figure 77-1 ). The simplest method of reconstruction that achieves the highest level of function should be chosen.

No reconstruction by means of healing by secondary intention is the simplest form of reconstruction. This is not commonly used, given the size and complexity of most oropharyngeal defects; however, both 

 
Figure 77-1 A reconstructive ladder is an organized method of working through the various options of reconstructing a defect starting with the simplest and working through to the most sophisticated. Routine use of the ladder will ensure 
that no possible reconstructive modalites are overlooked. 

 

Figure 77-2 The palatal island flap consists of hard palatal mucoperiosteum pedicled on a single greater palatine pedicle. It is ideal for reconstructing limited defects of the soft palate, tonsil, and retromolar trigone. (Adapted from Gullane PJ, 
Arena S: Arch Otolaryngol 103:598, 1977.) 



 

Figure 77-3 Uvulopalatal flap. Lateral defects of the soft palate are amenable to reconstruction with this technique. The flap consists of the uvular remnant that is transposed into the defect after a releasing incision is made in the contralateral 
tonsillar pillars. Most of the uvula and the contralateral soft palate must be intact for this flap to be used. (Adapted from Gillespie MR, Eisele DW: Laryngoscope 110:613, 2000.) 

 

Figure 77-4 Pectoralis major flap. This flap is supplied mainly by the thoracoacromial artery, but the lateral thoracic artery also has some contribution to the blood supply. The lateral and medial pectoral nerves provide motor supply to the 
muscle. The flap has been described as the "workhorse" flap in head and neck reconstruction because of its reliability, hardiness, and versatility. (Adapted from Urken ML and others: Atlas of regional and free flaps for head and neck 
reconstruction, New York, 1995, Raven Press, p 16.) 

 

Figure 77-5 Elevation of a platysma myocutaneous flap. Note the presence of subcutaneous fat on the anterior surface of the platysma muscle in keeping with meticulous elevation of a subdermal/supraplatysmal superior skin flap. This is 
done along with a standard subplatysmal dissection to free the muscle and allow transposition into the defect. 

 

Figure 77-6 Temporoparietal flap. This flap provides thin highly vascularized tissue for reconstruction of defects of the superior oropharynx. The harvest may be extended to the vertex of the scalp or carried to the contralateral side if needed 
to increase flap length. It may also be used as a free tissue transfer if required. (From Urken ML and others: Atlas of regional and free flaps for head and neck reconstruction, New York, 1995, Raven Press, p 207.) 



 

Figure 77-7 The anatomy of the latissimus dorsi muscle is shown in this patient who is in the right lateral decubitus position. The anterior limit of the muscle extends from the midaxillary line to the anterior superior iliac spine, whereas the 
posterior limit extends approximately 2 cm above the scapular tip. The neurovascular pedicle is shown and is usually located 8 to 10 cm from the midaxilla along the anterior border of the muscle. The skin paddle depicted demonstrates our 
flap design for total glossectomy defects where the skin paddle is oriented transverse to the underlying muscle. (From Haughey B: Laryngoscope 103:1133, 1993.) 

 

Figure 77-8 The forearm flap is the most commonly used free flap for oropharyngeal reconstruction. The flap provides thin pliable tissue that is ideal for this purpose. We harvest the flap with a cuff of soft tissue around the pedicle to 
prevent kinking and also routinely incorporate the deep and superficial venous systems by preserving the communicating branch between the two. 

 

Figure 77-9 Split jejunal flap plicated to form oropharyngeal patch for posterior wall, left lateral wall, and left hemipalate. 



 

Figure 77-10 Palate and pharyngeal wall reconstruction two days postoperatively. Arrow depicts jejungal tissue. 

 

Figure 77-11 Buccinator musculomucosal flap. This demonstrates the design and anatomy of the flap. Note the proximity of the flap to the parotid duct and the oral commissure. (Adapted from Licameli GR, Dolan R: Arch Otolaryngol 
124:72, 1998.) 

 

Figure 77-12 The superior constrictor advancement rotation flap is used for soft palatal reconstruction and leaves the pharyngeal wall defect to heal secondarily. Releasing incisions are made low on the contralateral tonsillar pillars and are 
carried through the underlying superior constrictor. A stab incision is then made just medial to the pterygoid hamulus, and further mobilization of the superior constrictor is performed through this incision. The superior constrictor is then 
advanced and sutured to the transected edge of the soft palate. (Adapted from Zeitels SM, Kim J: Laryngoscope 108:1138, 1998.) 

 

Figure 77-13 This demonstrates our design for folding the forearm flap into the soft palatal defect. Note the distal aspect of the flap is used for this purpose, and the proximal flap is used for the pharyngeal and tongue base component if 
present. The flap was used in this case to reconstruct a 70% defect of the soft palate. 



 

Figure 77-14 An algorithm for reconstructing defects of the soft palate. 

 



Figure 77-15 A pectoralis major myofascial flap was used to reconstruct the lateral pharyngeal wall in combination with a posterior mandibular defect. The patient had significant comorbidities and was felt to be a poor candidate for a free 
tissue transfer. Despite this, he was decannulated and is tolerating a normal diet. 
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skin paddle. All healed without additional surgery. There was no difference in complication rates for patients who had neck dissections or previous radiation. The location of the blood supply (inferior vs superior) was not found to be 
significant. Significant concerns exist with regard to the use of this flap. First, the reliability of the skin paddle is questionable on the basis of the preceding and other studies. The vascularity of the skin paddle may be enhanced by preserving 
the superior thyroid pedicle.[47] One other major criticism of the use of this flap is its intimate relationship with potential nodal metastasis in the neck. The largest published study in the literature addresses these two issues. Sebastian and others
[65] reported on 121 superiorly based flaps for oral reconstruction in patients with clinically N0 necks. Total flap loss occurred in 7% of cases, whereas superficial skin loss was seen in 23%. The fistula rate in the series was 12%. Radiation was 
found to increase the incidence of flap complications. Pathologically N0 necks had a recurrence rate of 6% compared with 17% in necks that were pathologically positive.

The temporal system of flaps may be useful for reconstructing tonsil/pharyngeal wall defects as well. The techniques of harvesting the temporalis and the temporoparietal fascia flap have been outlined previously in the "regional flap" 
section. The flap's ease of harvest and proximity to the defect make it a viable option. It may be particularly useful in cases in which the coronoid process of the mandible has been resected leaving the muscle functionless. We have tended not 
to use this flap routinely for oropharyngeal defects given its bulk, difficulty of inset, and donor site morbidity. We have previously discussed the use of this flap in conjunction with the SCARF, where the flap was used to augment the lateral 
pharyngeal wall defect in two cases.[85] Huttenbrink [30] reported on the use of this flap specifically for oropharyngeal reconstruction, and this represents the only dedicated article to this in the English literature. The transfer used by Huttenbrink 
consisted of muscle, fascia, and periosteum. He stresses the importance of subperiosteal dissection along the deep aspect of the flap to protect the deep temporal vascular pedicle. A total of 11 patients with oropharyngeal defects were 
reconstructed with the temporalis flap. One flap developed partial necrosis of the fascial layer, but the muscle healed uneventfully. There were no problems with the other 10 flaps. No fistulas or flap dehiscence occurred. The author was 
nonspecific with reporting of functional outcomes and simply reported that nearly all patients could swallow and speak without restraint. A subsequent article by Huttenbrink in the German literature expanded on his experience and reported 
on 26 patients in whom the flap was used.[31] 

The temporoparietal fascial flap may be used in a similar fashion. The thinness, pliability, and vascularity make it ideal for this purpose. Flap harvest is relatively simple and was described in detail previously in this chapter. Donor site 
morbidity is rare, with frontal nerve injury and alopecia being the most significant. Cheney and others[11] have nicely outlined the application of this flap in head and neck reconstruction. They report on the variety of defects that can be 
reconstructed with this flap, including the pharyngeal wall. The flap can be used either as a pedicled or a free tissue transfer. Most defects of the pharyngeal wall should be amenable to pedicled flap reconstruction because of the proximity of 
the donor site and the thinness of the flap to be tunneled into the defect. Objective measures of functional outcomes that use this method of reconstruction are lacking.

Free flap reconstruction is now the "gold standard" reconstructive modality for extensive defects of the tonsil and pharyngeal wall. Usually, these defects occur in combination with defects of the soft palate and tongue base, and we will focus 
on these two subsites, because there are little published data on free flap reconstruction for isolated defects of the pharyngeal wall. The radial forearm flap is the "workhorse" free flap in this area and has gained widespread popularity because 
of its thinness and pliability, ease of harvest, and minimal donor site morbidity. The forearm flap has become the most common free flap used in oral and pharyngeal reconstruction. Compared with the jejunum and gastroomental free flaps 
for this purpose, there was no difference in speech, swallowing, or control of saliva between the different reconstructive modalities.[67] The gastroomental cohort, however, was found to have a higher complication rate. The authors make no 
reference as to whether the forearm flaps were neurotized at the time of surgery. We prefer the use of the forearm flap over the jejenum and gastroomental flaps because the forearm flap may be reinnervated, which may improve pharyngeal 
sensation, thus preventing aspiration. Also, the forearm flap avoids the laparotomy required for harvest of the other two flaps.

A recent Finnish study addressed free flap reconstruction in the management of oral and pharyngeal cancer.[46] Of the 50 patients included in the study, seven had defects of the tonsil and pharyngeal wall. All seven patients were reconstructed 
with a free radial forearm flap. Twenty percent of the flaps required reexploration, and the overall flap success rate was 96%. Patients who had primary tumors of the tonsil had the best 3- and 5-year survival rates at 85% and 57%, 
respectively. This point stresses the need for functional reconstruction, because prognosis at this subsite tends to be good compared with the hypopharynx
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and oral cavity. Schwager[64] reported the use of the forearm flap in reconstructing 62 patients with pharyngeal carcinoma. A regular diet was achieved an average of 14 days postoperatively. All patients had a tracheotomy performed at the 
time of surgery, and 90% were decannulated at 1 year. Another European article by Barzan[6] reported on four patients with isolated posterior pharyngeal wall defects. All patients were reconstructed with a free radial forearm flap. No flap 
problems, fistulas, or donor site morbidity was noted. Speech and swallowing function was not noted.

Combined defects of the lateral and superior (soft palate) pharyngeal wall have been addressed by Kimata and others.[34] All 40 patients had extensive defects of the lateral pharyngeal wall combined with varying defects of the soft palate. 
They classified the defects as follows: type 1, localized in the lateral pharyngeal wall and including palatopharyngeal, palatoglossal, and superior pharyngeal muscles; type 2, extending to the soft palate and including the tensor veli palatini 
and levator palatini muscles; and type 3, extending to the contralateral soft palate. Free flap reconstructions were performed on all patients. The rectus abdominis flap was used in 26 patients, an anterolateral thigh flap in 7 patients, and a 
forearm flap was used in 5 patients. Jejunum and superior iliac crest flaps were used in one patient each. Six flaps underwent partial necrosis, and 34 survived completely. The authors describe four different methods of reconstructing these 



defects, namely the patch, jump, denude, and Gehanno methods ( Figure 77-16 ). Wound dehiscence between the remnant soft palate and flap developed in 7 of the 40 patients. This occurred in four of eight (50%) patients treated with the 
Denude method and 3 of 10 (30%) patients treated with the Jump method. Of the seven patients with wound dehiscence, five had a wide fissure develop between the flap and the soft palate that resulted in postoperative hypernasality. As 
expected, patients with type 1 defects had the best overall velopharyngeal function. All 10 patients in this group had satisfactory postoperative function. Sixteen patients had type 2 defects. The authors report that most of these patients 
showed satisfactory function. Five of these patients had mild or severe nasal emission during soft blowing, and seven had mild nasal regurgitation with eating. Fourteen patients had type 3 pharyngeal defects. Of these, five patients had 
satisfactory function without nasal emission with soft blowing. The five patients who had flap dehiscence had severe velopharyngeal incompetence. The remaining four patients initially had intact velopharynges, but as the rectus free flap 
atrophied, they had progressive incompetence develop. Overall, patients with type 3 defects had low speech intelligibility scores, and 9 of 14 patients had evidence of hypernasality. The authors conclude that flap dehiscence was directly 
correlated to poor speech intelligibility, hypernasality, and nasal emission. The rates of wound dehiscence were lower with the patch and Gehanno methods. They suggest the use of the Gehanno method for extensive defects of the 
oropharynx and for all type 3 defects of the soft palate.

The lateral arm and thigh free flaps are other options for reconstructing defects of the tonsil and pharyngeal wall. Civantos[12] reported on 28 patients who had the lateral arm flap used in head and neck reconstruction. Of these, 14 patients had 
large oropharyngeal defects, four of which involved the tonsil and pharyngeal wall. Eight of the 14 patients resumed early oral feeding, and all eventually were able to obtain nutrition orally. Swallowing was compared with a simultaneous 
control group that was reconstructed with pectoralis major flaps. The swallowing ability of the lateral arm cohort was found to be superior to the group reconstructed with the pectoralis flaps. The authors conclude that the lateral arm free flap 
is ideal for oropharyngeal reconstruction, because the flap incorporates thin skin from the proximal forearm and thicker skin from the upper arm. They suggest that the thin forearm skin may be used in the lateral pharyngeal wall, while the 
thicker upper arm skin may be used to reconstruct the tongue base. Also, the flap is amenable to neurotization. Hayden[28] makes similar recommendations with regard to the use of the free lateral thigh flap. He reported his experience with the 
lateral thigh flap in 58 cases. Most flaps were used for pharyngoesophageal reconstruction, but two involved the pharyngeal wall. The authors have used the lateral thigh flap as their second line flap in patients who are not candidates for 
radial forearm flap reconstruction. Figure 77-17 reviews an algorithmic approach to defects of the tonsil and pharyngeal wall.

Tongue Base

Reconstruction of the tongue base is challenging because of its proximity to the larynx and the resultant risk of aspiration. These defects may occur as an isolated entity but also may occur in combination with defects of the anterior tongue, 
with the extreme being the total glossectomy defect with or without laryngeal preservation. The goals of tongue base reconstruction in order of importance are: (1) maintenance of the airway; (2) swallowing; and (3) articulation. The tongue 
base is critical for the first and second goals, with the anterior tongue being more significant with regard to articulation. The ideal tongue base reconstruction provides the necessary bulk to create a shelf above the laryngeal inlet. This serves 
to better direct the oral bolus down the posterior pharyngeal
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Figure 77-16 A, Patch method: The flap is simply sutured into the defect. B, Jump method: The inferior portion of the free flap is left unsutured to the posterior pharyngeal wall and soft palate, therefore jumping directly to the anterior soft 
palate. C, Denude method: The flap is used to reconstitute the posterior pharyngeal wall, and the portion of the flap adjacent to the cut end of the soft palate is deepithelialized and sutured to the remaining soft palate. D, Gehanno method: 
The posterior and lateral pharyngeal wall is advanced and sutured to the posterior surface of the soft palate remnant. The flap is then used as a patch for the anterior portion of the defect. (Adapted from Kimata Y and others: Laryngoscope 
112:1038, 2002.) 



 

Figure 77-17 Reconstructive algorithm for the tonsil and pharyngeal wall. 

 

Figure 77-18 Inset of the latissimus dorsi flap for reconstruction of total glossectomy defects. Note the transverse sling created along the undersurface of the mandible by suturing the muscle to the medial pterygoid (left) and the masseter 
(right), as well as the neural anastomosis. (Adapted from Haughey B: Laryngoscope 103:1136, 1993.) 

 

Figure 77-19 Schematic of a tongue reconstructed with a money pouch-like technique using a free rectus flap. Note the position of the neotongue high against the hard palate. (Adapted from Kiyokawa K and others: Plast Reconstr Surg 
104:2016, 1999.) 

 



Figure 77-20 Algorithm for tongue base reconstruction. 
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Chapter 78 - DIAGNOSTIC IMAGING OF THE PHARYNX AND ESOPHAGUS

Barton F. Branstetter IV 

INTRODUCTION

As the diversity of radiologic examinations continues to grow, it is increasingly important for referring clinicians to understand the arsenal of tests offered by radiologists. The improved quality and availability of cross-sectional imaging, 
along with advances in endoscopic techniques, have contributed to a decline in fluoroscopy. However, many disorders of the pharynx and esophagus still are best evaluated with fluoroscopic techniques. In particular, patients who have pain, 
trismus, a hyperactive gag reflex, or bulky disease are often not optimally evaluated with direct inspection or endoscopy, and mucosal lesions may not be evident on cross-sectional modalities. This chapter discusses the basics of radiographic 
technique and anatomy, with a focus on the appropriate choice of imaging modality for evaluation of the pharynx and esophagus. The radiographic appearance of specific disorders is then discussed.

TECHNIQUES

Conventional Radiography

Conventional radiographs (plain films) of the neck are economical and readily available. They are particularly useful in pediatric patients with airway distress. The lateral projection provides the most information, and it will often be obtained 
without the frontal projection ( Figure 78-1 ). If the examination is performed to evaluate a radiopaque foreign body, the frontal projection should be included. Patients are instructed to say the letter "e" during exposure to bring the tongue 
forward and better demonstrate the oropharynx.[25] If a hypopharyngeal lesion is being evaluated, the patient should blow through compressed lips to distend the hypopharynx. In children, the lateral radiograph should be obtained during peak 
inspiration to prevent redundancy of the prevertebral soft tissues that may simulate pathology.

Chest x-rays occasionally reveal advanced esophageal abnormalities or pneumomediastinum, but fluoroscopy and cross-sectional imaging are preferred for evaluation of the thoracic esophagus.

Computed radiography and digital radiography are the modern counterparts to screen-film techniques. Instead of exposing a piece of film, the technologist captures an image on a reusable array of digital elements and reads the image directly 
into a computer. One advantage of these techniques is the ability to emphasize subtle soft tissue differences, even in suboptimally exposed images.[7] 

Xeroradiography is a historical technique that clearly delineated the soft tissues of the neck.[103] However, xeroradiography had a narrow range of applications, and it is no longer available at most institutions.

Linear and complex-motion tomography improve on conventional radiographs by blurring the soft tissues that obscure the pharyngeal walls. Small mucosal lesions can sometimes be distinguished, but conventional tomography has been 
replaced almost universally by computed tomography (CT).

Fluoroscopy

Motion capture techniques with intraluminal contrast are invaluable when studying the functional dynamics of the pharynx and esophagus. Although endoscopy provides direct visualization of the mucosa, radiographic techniques provide a 
more physiologic examination. Both cineradiography (high-resolution images obtained at a low frame rate) and video capture (low-resolution images obtained at a high frame rate) are used in each examination. Cineradiography provides 
better spatial resolution for mucosal detail, whereas video capture allows longer exposures with less radiation.

On traditional film, radiodense elements appear more white than radiolucent elements. This convention has not persisted in the age of digital imaging; some aspects of anatomy and pathology are visualized better when the image is inverted. 
The images in this chapter follow the traditional convention.
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Figure 78-1 Lateral radiograph of the neck emphasizing soft tissues. The soft palate (s), tongue base (b), hyoid bone (h), and epiglottis (arrowheads) are marked. The laryngeal ventricle is barely visible as a dark wedge (arrow). 



 

Figure 78-2a Normal pharyngogram. A, Lateral projection, early phase. The epiglottis (e) is upright, and the base of tongue (b) is well evaluated. 

 

Figure 78-2b B, Lateral projection, late phase. The epiglottis (e) has inverted. Note the normal anterior venous plexus (arrow), which mimics a mucosal lesion. C, Frontal projection, late phase. The pyriform sinuses (p) are well seen. 
Dynamic flow (arrow) can mimic a filling defect. 



 

Figure 78-3a Normal esophagram. A, Full-column prone oblique image of the upper thoracic esophagus. Note the featureless mucosa. B, Full-column prone oblique image of the distal esophagus. Contrast spills past the gastroesophageal 
junction (j) into the air-filled stomach. The diaphragm is marked by arrowheads. An air bubble (arrow) can be distinguished from a true lesion, because the air bubble moves during the examination. 



 

Figure 78-3b C, Normal air-contrast upright oblique image of the distal esophagus. 

 

Figure 78-4 Normal air-contrast pharyngogram, frontal projection. Barium outlines the valleculae (v) and pyriform sinuses (p). The pyriform sinuses are connected by the smooth, arcuate postcricoid line (arrowheads). 

 



Figure 78-5 Normal mucosal-relief esophagram, oblique projection. Thick barium coats the undistended midthoracic esophagus. The normal longitudinal mucosal folds are easily identified. 

 

Figure 78-6 PET-CT identifies a metastatic cervical node. A, Coronal PET image shows focal uptake in the lower neck (arrow), but the precise anatomic location is uncertain. Brain (b) and liver (l) are marked. B, Fused axial image localizes 
the uptake to a level III lymph node. 

 

Figure 78-7a Normal CT anatomy. A, Nasopharynx. The torus tubarius (t), fossa of Rosenmüller (r), nasal septum (n), and styloid process (s) are marked. B, Oropharynx. Tonsillar pillars (t), deep lobe of the parotid (p), and uvula (u) are 
marked. 



 

Figure 78-7b C, Supraglottis. The epiglottis (arrowheads) and the hyoepiglottic ligament (arrow) form the borders of the vallecula. D, Hypopharynx. The petiole of the epiglottis (*) should not be confused with tumor invading the 
preepiglottic fat (arrow). The aryepiglottic fold (arrowheads) forms the medial border of the pyriform sinus (p). E, Thorax. The esophagus (e) lies posterior and to the left of the trachea (t). Surrounding structures include the azygous vein (a) 
and the descending aorta (d). 

 

Figure 78-8 Normal MR anatomy. A, T2-weighted axial image through the nasopharynx. Brainstem (b), torus tubarius (t), and fossa of Rosenmüller (r) are marked. B, Sagittal T1-weighted image through the neck and face. Adenoids (a), 
tongue base (b), clivus (c), epiglottis (arrowheads), and cervical esophagus (e) are marked. C, Axial T1-weighted image through the hypopharynx. The petiole of the epiglottis (*), the preepiglottic fat (arrow), the aryepiglottic fold 
(arrowheads), and the submandibular glands (s) are marked. Compare with Figure 78-7, D . D, T1-weighted coronal image of the neck. The aryepiglottic fold (arrowheads) forms the medial border of the pyriform sinus (p). Invasion of the 
thyroid (t) and cricoid (c) cartilages from hypopharyngeal tumors can be assessed in this plane. The arytenoid cartilages (arrow) are also seen. 



 

Figure 78-9 The phrenic ampulla is a normal widening of the distal esophagus just above the diaphragm. 

 



Figure 78-10 Cricopharyngeal achalasia. Lateral view from an esophagram reveals a smooth, rounded impression (arrow) on the posterior esophagus at the level of the sixth cervical vertebra (C6). 

 

Figure 78-11 Achalasia. Oblique image of the lower mediastinum reveals a patulous esophagus with beaking of the gastroesophageal junction (arrow). 

 

Figure 78-12 Vigorous achalasia. Barium esophagram shows dilation of the esophagus with multiple nonperistaltic contractions. 

 

Figure 78-13 Scleroderma. Midesophageal stricture (arrow) secondary to reflux esophagitis in a patient with scleroderma. Note the interstitial lung disease. 



 

Figure 78-14 Diffuse esophageal spasm. Barium esophagram demonstrates a corkscrew appearance of the esophagus produced by nonperistaltic contractions in a patient with chest pain. 

 

Figure 78-15 Zenker's diverticulum. Oblique image from an esophagram shows a barium-filled pouch extending posteriorly from the hypopharynx, displacing and compressing the upper esophagus. The neck of the diverticulum is denoted 
by arrowheads. 

 

Figure 78-16 Lateral pharyngeal pouches. Frontal view from an air-contrast pharyngogram shows bilateral bulging of the lateral pharyngeal walls as the patient performs a modified Valsalva maneuver. These pouches are not true diverticula. 

 

Figure 78-17 Acquired lateral pharyngeal diverticulum. Frontal view from an air-contrast pharyngogram shows persistent focal outpouching (arrow) of the lateral pharyngeal wall. This outpouching represents protrusion of the 
hypopharyngeal mucosa through the thyrohyoid membrane. 



 

Figure 78-18 Intrinsic laryngocele. Enhanced CT of the larynx reveals a fluid-filled mass (*) in the paraglottic fat. Laryngoceles may be filled with air or fluid. 

 

Figure 78-19 Midesophageal diverticulum. Air-contrast esophagram shows a smooth, round diverticulum (arrow) at the subcarinal level in a partially collapsed esophagus. 

 

Figure 78-20 Reflux esophagitis. Air-contrast esophagram demonstrates several linear ulcerations (arrowheads) in a patient with reflux esophagitis. 

 

Figure 78-21 Severe reflux esophagitis. Air-contrast esophagram shows marked irregularity of the mucosa with multiple ulcerations. 



 

Figure 78-22 Peptic strictures. A, Smooth symmetric focal stricture of the distal esophagus (arrows) secondary to reflux esophagitis. B, Mildly irregular midesophageal stricture (arrow) in a patient with severe reflux esophagitis. Note the 
irregularity of the esophageal mucosa. C, Long narrow stricture of the distal esophagus with irregular margins secondary to severe reflux esophagitis. 

 

Figure 78-23 Barrett's esophagus with stricture. Left posterior oblique view from an upper gastrointestinal examination demonstrates a midesophageal stricture (arrow) in a patient with chronic gastroesophageal reflux. Note the pill 
(arrowhead) lodged above the stricture. 

 

Figure 78-24 Candida esophagitis. A, Air-contrast esophagram demonstrates shaggy mucosa with irregular, longitudinal plaquelike filling defects involving most of esophagus. B, Repeat air-contrast esophagram after treatment with 
amphotericin-B shows complete resolution of the esophagitis. (Courtesy of Dr. Marvin Lindell, Houston, TX.) 



 

Figure 78-25 Herpes esophagitis. Air-contrast esophagram demonstrates multiple discrete mucosal ulcerations characteristic of viral esophagitis. 

 

Figure 78-26 Lye stricture. Barium esophagram shows a long, smooth midesophageal narrowing in a patient who had ingested lye many years previously. 

 

Figure 78-27 Drug-induced esophagitis. Left posterior oblique view from a barium esophagram demonstrates a large ulcer (arrow) in the midesophagus caused by potassium tablets in a patient with massive cardiomegaly. Note the posterior 
displacement of the esophagus by enlarged heart. 



 

Figure 78-28 Epidermolysis bullosa. Esophagram demonstrates cervical esophageal web (arrow) and midesophageal stricture (arrowheads). 

 

Figure 78-29 Intramural pseudodiverticulosis. Esophagrams from two patients show multiple irregular linear collections of barium outside the esophageal lumen, representing dilated excretory ducts of mucous glands. 

 

Figure 78-30 Epiglottitis. Lateral plain film of the neck reveals thickening of the epiglottis (*) and the aryepiglottic folds (arrowheads). The pharynx is expanded. 

 

Figure 78-31 Peritonsillar abscess. Enhanced CT through the upper neck reveals a low-density mass (*) with a thick, enhancing rim, in the expected location of the tonsillar pillar. The oropharynx and tongue are displaced. 



 

Figure 78-32 Esophageal web. Lateral and frontal projections show a thin filling defect extending from the anterior esophageal wall. 

 

Figure 78-33 Esophageal carcinoma. Two examples of epidermoid carcinoma producing irregular segmental constriction of the esophageal lumen by large ulcerated masses. Note the sharp overhanging edges produced by the mass in each 
case (arrowheads). 

 

Figure 78-34 Vertebral osteophytes. Lateral esophagram shows large bridging osteophytes (*) creating an undulating impression on the posterior hypopharynx. 



 

Figure 78-35 Bronchogenic duplication cyst. CT through the upper thorax reveals a cystic mass (c) between the trachea and the right brachiocephalic vein (v). This is a frequent location for bronchogenic duplication cysts. 

 

Figure 78-36 Communicating esophageal duplication. A, Barium esophagram demonstrates near-complete esophageal duplication communicating with the esophageal lumen. B, Photograph taken during endoscopy shows the duplication 
cyst (arrow) communicating with esophageal lumen (L). 

 

Figure 78-37 Thyroid goiter. Enhanced CT through the larynx. A large mass replaces the left thyroid gland, displacing the larynx and esophagus (arrow). 



 

Figure 78-38 Fourth branchial cleft fistula. Frontal esophagram shows a thin line of barium extending from the apex of the left pyriform sinus. On later images, contrast continued to the skin surface. 

 

Figure 78-39 Pneumomediastinum. Chest x-ray reveals extensive gas in the subcutaneous tissues (arrows) ands outlining the mediastinal structures (arrowheads). 

 

Figure 78-40 Subcutaneous emphysema of the neck. Enhanced CT through the thyroid bed reveals extensive gas within the deep fascial planes of the neck, the result of pharyngeal perforation. 

 

Figure 78-41 Postoperative pharyngeal leak. Two days after total laryngectomy, lateral esophagram reveals barium extravasating from the posterior pharynx. The point of origin is marked with an arrow, and the sinus tract is marked with 
arrowheads. 



 

Figure 78-42 Varices. A, Mucosal relief radiograph of the esophagus demonstrates multiple serpiginous filling defects. B, Full-column esophagram from another patient shows multiple ovoid filling defects with scalloping of the distal 
esophageal contour (arrowheads). 

 

Figure 78-43 Foreign body. Lateral soft-tissue radiography of the neck shows a chicken bone (arrow) lodged near the pharyngoesophageal junction. 

 

Figure 78-44 Foreign body. Barium esophagram shows a large piece of meat (arrowhead) lodged above a focal peptic stricture (arrow). 



 

Figure 78-45 Tonsillar calcifications. Unenhanced CT demonstrates coarse calcifications in both tonsillar pillars. These benign calcifications are the result of chronic inflammation. 

 

Figure 78-46 Nasopharyngeal carcinoma. Enhanced, fat-suppressed, T1-weighted axial MRI demonstrates a large, partially necrotic mass replacing the clivus and surrounding structures. The internal carotid arteries (black arrow) are 
encased. Mastoiditis (white arrow) can be the earliest radiographic sign of nasopharyngeal carcinoma. 

 

Figure 78-47 Oropharyngeal squamous cell carcinoma. Enhanced CT reveals submucosal spread of tumor (arrowheads) from the inferior tonsil to the tongue base and posterior oropharynx. 

 

Figure 78-48 Left pyriform sinus carcinoma. Frontal view from air-contrast pharyngography shows a mass (arrowheads) arising from the left pyriform sinus, causing irregularity and amputation of the pyriform sinus (arrow) and loss of the 
normal contour of the lateral pyriform sinus wall (open arrows). 

 

Figure 78-49 Hypopharyngeal squamous cell carcinoma. The tumor involves all walls of the right pyriform sinus (*). 



 

Figure 78-50 Varicoid carcinoma of esophagus. Barium esophagram demonstrates multiple smooth elongated filling defects in the esophagus, simulating varices. 

 

Figure 78-51 CT staging of esophageal carcinoma. A, Radiograph from an upper gastrointestinal examination shows irregular narrowing of the distal esophagus (arrowheads), consistent with esophageal carcinoma. However, the barium 
study gives no information about local spread of disease. B, CT scan demonstrates distal esophageal mass (M) with an eccentric narrowed lumen (arrowhead). A, Aorta. C, CT scan at a more caudal level shows a large lymph node mass (N) 
in the region of the gastrohepatic ligament, making carcinoma unresectable for cure. L, Liver; St, Stomach; S, Spleen. (From Mauro MA and others: Surg Clin North Am 64:67, 1984.) 



 

Figure 78-52 Retropharyngeal lymphadenopathy. Even large retropharyngeal lymph nodes (*) may not be clinically evident. 

 

Figure 78-53 Reactive lymph nodes. Size alone does not indicate the presence of tumor. Enhanced axial CT demonstrates a 28-mm jugulodigastric node (*) that retains its reniform configuration, suggesting a benign etiology. The patient had 
a peritonsillar abscess. 

 

Figure 78-54 Esophageal leiomyoma. A, Air-contrast esophagram demonstrates a smooth soft-tissue mass (arrowheads) arising in the wall of esophagus. B, CT scan shows a round soft-tissue attenuation mass (m) between the descending 
aorta (A) and the left pulmonary artery (P). 

 

Figure 78-55 Vallecular cyst. Enhanced CT reveals a large cystic mass filling the left vallecula, displacing the epiglottis to the right, and compromising the airway. 

 

Figure 78-56 Tornwaldt cyst. Enhanced CT reveals a complex cystic mass in the midline of the upper nasopharynx. 



 

Figure 78-57 Retropharyngeal carotid artery. Enhanced CT reveals a tortuous right internal carotid artery (arrow), which may simulate a submucosal mass. 

 

Figure 78-58 Normal postlaryngectomy pharyngoesophagography. A, Frontal projection. B, Lateral projection. The neopharynx is essentially a featureless tube. 

 

Figure 78-59 Pseudoepiglottis. Lateral esophagram in a laryngectomy patient demonstrates a ridge of tissue mimicking the epiglottis. This is a normal postoperative appearance. 



 

Figure 78-60 Tumor recurrence after total laryngectomy. Frontal view from an esophagram shows a 3-cm mass indenting the right side of the neopharynx (arrows). 

 

Figure 78-61 Jejunal interposition graft. Enhanced CT reveals an irregular, enhancing mass (*) in the surgical bed. This is the normal appearance of the transposed jejunum and should not be confused with tumor recurrence. 

 

Figure 78-62 Jejunal interposition graft. Frontal esophagram demonstrates normal jejunal folds in the neopharynx. 

 

Figure 78-63 Effects of radiotherapy. Enhanced CT reveals extensive edema (*) lining the larynx. The submandibular glands (g) are dense. The platysma muscle (arrow) is thickened. 
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Chapter 79 - ENDOSCOPY OF THE PHARYNX AND ESOPHAGUS

Ravindhra G. Elluru 
J. Paul Willging 

INTRODUCTION

Pharyngoscopy and esophagoscopy are tools essential for the effective management of disease processes referred to the otolaryngologist. Endoscopy permits the direct visualization and instrumentation of the lumen of the upper aerodigestive 
tract. Indications for pharyngoscopy and esophagoscopy are varied and have become even broader with technological advances in endoscopic equipment. Thus, systematic training in pharyngoscopy and esophagoscopy is necessary for the 
safe and optimal management of diseases of the ears, nose, and throat. This chapter discusses the indications, equipment, technique, and complications of flexible and rigid pharyngoscopy and esophagoscopy.

The development of the tools and techniques for pharyngoscopy and esophagoscopy evolved from mankind's interest to peer into the depths of the human body, to satisfy his curiosity, and treat disease. Manuel Garcia, a Spanish singing 
teacher living in London, used mirrors and reflected sunlight to visualize the larynx in 1855, performing the earliest documented peroral endoscopy. One year later, Turck and Czermak reported the technique of direct laryngoscopy. The first 
esophagoscopy was performed in 1868 by Adolph Kussmaul, an internist from Freiburg, Germany, who used a modified Desormeaux urethroscope with a 13-mm diameter to examine the esophagus of a sword-swallower. Although these 
pioneers managed to popularize the idea of peroral endoscopy, their instrumentation was rudimentary and provided poor illumination and visualization.[10] 

The first end-illuminated endoscope, the cytoscope, was developed by Nitzi in 1879 using a watercooled platinum wire filament to generate light. Nitzi utilized this method of illumination despite the fact that Thomas Edison had described 
the electric lamp the previous year. Chevalier Jackson revolutionized the endoscope by using the incandescent bulb in the design of an end-illuminated laryngoscope, bronchoscope, esophagoscope, and telescope. Jackson used these tools to 
refine endoscopic techniques, including the art of removal of foreign bodies from the upper aerodigestive tract. The instruments and techniques of peroral endoscopy as described by Jackson has essentially remained unchanged to current 
times, except for the development of better methods for light and image transmission.[10] 

During the 1920s, John Logie Baird in England and Clarence W. Hansell in the United States patented the idea of using arrays of hollow pipes or transparent rods to transmit images for television or facsimile systems. However, the first 
person to actually demonstrate image transmission through a bundle of optical fibers was Heinrich Lamm, a medical student in Munich in the 1930s, with the goal of developing an instrument to look inside inaccessible parts of the body. In 
1954, Abraham van Heel, of the Technical University of Delft in Holland, and Harold. H. Hopkins and Narinder Kapany, of Imperial College in London, separately published in a prestigious British scientific journal articles about the 
development of fiberoptic imaging. The development of glass-clad fibers by Lawrence Curtiss, then an undergraduate at the University of Michigan, took fiberoptic imaging a step further. Curtiss was working part-time with physician Basil 
Hirschowitz and physicist C. Wilbur Peters, on a project to develop an endoscope to examine the inside of the stomach. He noted a significant enhancement in the quality of image transmission through optical fibers wrapped in a non-light 
transmitting material. By 1960, glass-clad fibers had been developed that had an attenuation of about one decibel per meter, which was ideal for medical imaging. From this technology arose the fiberoptic telescope or Hopkins Rod, which 
greatly enhanced visualization and illumination during endoscopy.[2] In 1963, Hirschowitz further exploited this technology to develop the first clinically
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functional flexible esophagoscope with straight-ahead viewing, end-illumination, and channels for instrumentation and suction.[6] 

PREPARATION OF THE PATIENT AND ANESTHESIA FOR ENDOSCOPY



Pharyngoscopy and esophagoscopy should be treated as any other surgical procedure, and should therefore be preceded by a careful history and physical examination. Particular aspects of the history that are important include past medical 
and surgical history, history of bleeding disorders, and adverse reactions to anesthetic medications. Depending on the type of procedure to be performed and the type of anesthesia that will be utilized, preoperative laboratory studies may be 
indicated. Laboratory studies obtained should be based on the patient's past and present medical history, comorbidities, and current medication regimen. In addition, preoperative radiographic evaluation may be obtained to aid the endoscopist 
during the procedure by providing anatomic detail. For example, preoperative radiological evaluation is valuable in cases of suspected foreign body ingestion or in a patient with dysphagia. If a patient has known congenital anomalies and 
cervical spine instability is suspected, preoperative radiographic evaluation of the cervical spine should be obtained. This is especially true if rigid esophagoscopy is planned, since the neck is extended considerably during this procedure.

Before the pharyngoscopy or esophagoscopy, it is essential for the endoscopist to describe the procedure to the patient, including the risks and benefits involved. An understanding of the procedure may help relieve any anxiety, which will 
facilitate the procedure,  

TABLE 79-1 -- INDICATIONS FOR PHARYNGOSCOPY

Level Indication Technique Anesthesia

Nasal Tumor Flexible or rigid Local

 Airway obstruction Flexible or rigid Local

 Recurrent epistaxis Flexible or rigid Local

Choanae Stenosis or atresia Rigid General

Nasopharynx Tumor Flexible Local

 Adenoidal hypertrophy Flexible Local

 Velopharyngeal insufficiency Flexible Local

 Chronic middle ear effusion Flexible Local

Oropharynx and hypopharynx Tumor Flexible or rigid General

 Tonsillar hypertrophy Flexible Local

 Glossoptosis Flexible Local

 Pharyngomalacia Flexible Local

 Dysphagia Flexible Local

 Laryngeal signs of GERD Flexible Local

GERD, Gastroesophageal reflux disease.
 
especially if it is to be done under local anesthesia. In general, food and fluids should be withheld for 6 to 8 hours before the pharyngoscopy or esophagoscopy. However, this is not necessary for pharyngoscopy under local anesthesia. As 
with any procedures performed on the digestive tract, pharyngoscopy and esophagoscopy can be accompanied by a transient bacteremia. For this reason, patients at high or moderate risk for bacterial endocarditis as defined by the American 
Heart Association should have preoperative prophylactic antibiotic therapy.[3] 

Pharyngoscopy and esophagoscopy can be performed under local or general anesthesia, depending on the goals of the procedure ( Table 79-1 and Table 79-2 ) and the patient's comorbidities, age, and ability to cooperate for the procedure. 
Given that pharyngoscopy is a well-tolerated procedure and that the most typical use of pharyngoscopy is in functional assessment of the upper aerodigestive tract, this procedure is usually performed with the patient awake. A mixture of a 
nasal decongestant and topical anesthetic, such as oxymetazoline plus lidocaine, are topically applied to desensitize the nasal mucosa for passage of the endoscope. General anesthesia may be considered for patients undergoing biopsies or a 
therapeutic intervention, such as choanal atresia repair. In these situations general anesthesia allows better analgesia and management of the upper airway and increases the technical ease of the procedure for the surgeon.

Similar to pharyngoscopy, flexible esophagoscopy can be performed under local anesthesia. Topical anesthesia is provided with a local anesthetic spray, followed by a viscous lidocaine gargle and swallow. The goal of the anesthesia staff in 
this situation should
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TABLE 79-2 -- INDICATIONS FOR ESOPHAGOSCOPY

 Indication Technique Anesthesia

Diagnostic Tumor/second primary Rigid General

 Dysphagia/odynophagia Flexible or rigid General/local

 Esophagitis Flexible or rigid General/local

 Congenital anomalies Flexible or rigid General/local

 Trauma Flexible or rigid General

 Caustic ingestion Flexible or rigid General



 Radiologic abnormality Flexible or rigid General/local

Therapeutic Foreign body Rigid General

 Upper GI bleeding Rigid General

 Diverticula Rigid General

 Trachea-esophageal puncture Rigid General

 Insertion of feeding tubes Rigid General

 Sclerotherapy for varices Rigid General
 
be a calm, cooperative, and comfortable patient. Rigid esophagoscopy, on the other hand, is not well tolerated by the patient who is awake and should be performed under general anesthesia. The patient is intubated with a small diameter 
endotracheal tube to avoid anterior compression of the esophagus. The endotracheal tube is taped to the left side of the mouth to facilitate passage of the esophagoscope via the right side of the mouth. The goal of the anesthesia staff should 
be to keep the patient completely relaxed and paralyzed to facilitate passage of the esophagoscope through the cricopharyngeal sphincter and to avoid perforating the esophageal mucosa. If the surgeon has difficulty passing the scope through 
the cricopharyngeal sphincter, the anesthesia staff should consider deflating the endotracheal tube cuff until the scope is past this point. In the pediatric population, both flexible and rigid esophagoscopy is performed under general anesthesia.

PHARYNGOSCOPY

Indications and Contraindications

Examination of the nasopharynx, oropharynx, and hypopharynx is an essential component of the physical exam performed by the otolaryngologist. Both flexible and rigid instruments are available to visualize these areas of the upper 
aerodigestive tract. The most common indication for pharyngoscopy is to determine the etiology of airway obstruction in a patient with obstructive sleep apnea or to evaluate a patient with recurrent epistaxis, globus sensation, dysphonia, or 
dysphagia. Sometimes, pharyngoscopy is used as a means to gain exposure to a particular area for therapeutic purposes such as repair of choanal atresia or removal of a tumor. The specific indications for pharyngoscopy are varied and are 
outlined in Table 79-1 . A brief discussion follows on the use of pharyngoscopy in the assessment of upper airway obstruction in patients with sleep apnea, velopharyngeal insufficiency, and swallowing difficulties.

When a sleep disorder is suspected, flexible nasopharyngoscopy performed with the patient supine can be used to evaluate for the area of maximal airway narrowing. Anatomic and functional abnormalities can be identified, including nasal 
septal deviation or hypertrophy of the nasal turbinates, adenoid pad, tongue, uvula, or tonsils. Flexible nasopharyngoscopy can also be combined with the Müller maneuver to identify patients with retro palatal collapse, since these patients 
benefit from uvulopalatopharyngoplasty. The Müller maneuver consists of a forced inspiratory effort against a closed nose and mouth. The predictive value of the Müller maneuver in assessing preoperative uvulopalatopharyngoplasty 
candidates is currently under debate.[4] 

Flexible nasopharyngoscopy is also useful in the assessment of velopharyngeal insufficiency. The examination is performed often in conjunction with a speech therapist, with the patient awake and sitting upright in a chair. The 
nasopharyngoscope is placed into the nasopharynx, the patient is asked to repeat specific words and sounds, and the pattern of velopharyngeal closure is assessed. Velopharyngeal insufficiency is accentuated by counting from 60 to 70, or 
repeating phrases such as, "Popeye plays baseball," "Take teddy to town," "She went shopping," "Give Kate the cake," and "I eat cherries and cheese." Using this technique, deficiencies in closure patterns can be detected, and surgical 
treatment options designed.

A relatively new but powerful role for flexible nasopharyngoscopy is in the assessment of swallowing disorders. Functional endoscopic evaluation of
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swallowing (FEES), as this technique has come to be called, can be used to assess the following four parameters: delays in swallowing, laryngeal penetration, aspiration, and pharyngeal residue after swallowing. Several studies have 
demonstrated that FEES, when compared with the modified barium swallow (MBS), is as sensitive as or more sensitive than the MBS in assessing these four parameters. Functional endoscopic evaluation of swallowing is performed in the 
presence of a speech therapist, with the patient sitting upright. In addition to the assessment of the swallow function, FEES can evaluate the efficacy of different swallowing modifications in a particular patient with dysphagia.[5] [13] Recently 
the role of sensory testing during FEES has been explored to evaluate the risk of aspiration. A nasopharyngoscope equipped with a suction-insufflation channel is used to blow a puff of air at the aryepiglottic fold at its attachment to the 
arytenoid. The threshold stimulus required to elicit a laryngeal reflux is measured and has been shown to correlate with the risk of laryngeal penetration and aspiration. [5] [12] 

Contraindications to flexible or rigid esophagoscopy are few. Relative contraindications include an uncorrected coagulopathy or facial trauma. Rigid pharyngoscopy may be contraindicated in patients with comorbidities precluding general 
anesthesia.

Flexible Pharyngoscopy

The most common tool used for pharyngoscopy is the flexible nasopharyngoscope, which is available in a range of diameters, beginning at 1.9 mm ( Figure 79-1, A ). In 

 
Figure 79-1 A, A 2.2-mm Olympus flexible nasopharyngoscope. B, Portable cart containing light source and recording equipment utilized for pharyngoscopy and esophagoscopy. 



 

Figure 79-2 A, Patient undergoing an awake pharyngoscopy for assessment of velopharyngeal insufficiency. B, Schematic representation of the arrangement of equipment for a pharyngoscopy while the patient is awake. 

 

Figure 79-3 View of the nasopharynx using a Storz 120-degree scope with a palatal lift in a patient with unilateral choanal stenosis. 

 

TABLE 79-3 -- AVERAGE DISTANCE FROM MAXILLARY INCISORS TO ANATOMIC LANDMARKS DURING ESOPHAGOSCOPY

 DISTANCE FROM MAXILLARY INCISORS (CM)

Anatomic Landmark Birth 1 yr 3 yr 6 yr 10 yr 14 yr Adults

Cricopharyngeus muscles 7 9 10 11 12 14 16

Aorta 12 14 15 16 17 21 23

Left bronchus 13 15 16 18 20 24 27

Hiatus 19 21 23 24 25 31 36

Cardiac 21 23 25 26 27 34 40

Greater curvature of the stomach 23 27 30 33 36 43 53

Adapted from Schild JA, Snow JB: Esophagology. In Ballenger JJ, Snow JB, editors: Otorhinolaryngology: head and neck surgery, Baltimore, 1996, Williams & Wilkins, p 1221.
 
the anterior-posterior plane, the esophagus follows the convexity of the bodies of the cervical vertebrae and the concavity of the bodies of the thoracic vertebrae. [10] 

The esophagus is posterior to the trachea along its entire length. In the superior mediastinum, the esophagus passes posterior and to the right of the arch of the aorta and then descends on the right side of the descending aorta until the inferior 



portion of the mediastinum, where it passes anterior to and slightly to the left of the aorta. Inferior to the arch of the aorta, the left bronchus crosses and indents the esophagus anteriorly.[10] 

The lumen of the esophagus is normally collapsed in a flattened or stellate pattern. The wall of the esophagus is thin and lined by shiny, pale pink mucosa. The diameter of the esophagus is reduced at four points and offers the endoscopist 
landmarks or positional cues. The four points of narrowing from proximal to distal are the cricopharyngeus, aorta, left bronchus, and the hiatus of the diaphragm. Distances from the maxillary incisors to each of these landmarks are known 
( Table 79-3 ). As the hiatus is passed, the stellate pattern of the esophagus is replaced by the deeper red, velvety gastric mucosa with prominent rugal folds.[10] 

Indications and Contraindications

Indications for esophagoscopy can be broadly divided into two categories—diagnostic and therapeutic (see Table 79-2 ). Esophagoscopy for diagnosis is indicated in almost all patients with unexplained symptoms and signs of esophageal 
and mediastinal disease. Specific indications include the diagnosis of dysphagia, odynophagia, aphagia, and a sensation off a lump or "sticking" in the throat, vocal cord palsies, retrosternal pain, hematemesis, persistent regurgitation, and 
caustic ingestion. One of the most commonly used indications for esophagoscopy is surveillance for a
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second primary carcinoma in patients with squamous cell carcinoma of other areas of the aerodigestive tract or in patients with a neck metastasis. Esophagoscopy may also be indicated in patients with radiological evidence of extrinsic or 
intrinsic esophageal abnormality, abnormal motility, or altered esophageal pH. Esophagoscopy is useful in pregnant patients in whom radiological evaluation is contraindicated. One of the newer indications for esophagoscopy includes 
penetrating trauma to the thorax to rule out esophageal injury.

Therapeutic indications for esophagoscopy include retrieval of ingested foreign bodies or impacted food. Other indications include treatment of esophageal stenosis, achalasia, diverticula, or varices. In addition, esophagoscopy can be utilized 
for visual guidance during the placement of a trachea-esophageal puncture in patients after a total laryngectomy or the insertion of feeding tubes in patients with carcinoma of the esophagus.

Contraindications to esophagoscopy include uncorrected coagulopathy or a known perforation of the esophagus from trauma, iatrogenic causes, or spontaneously as in Mallory-Weiss syndrome. Cervical spine instability or rigidity or 
hypertrophic changes in the cervical spine may exclude the use of rigid esophagoscopy, although flexible esophagoscopy may still be applicable. A similar situation is encountered in patients with trismus, in which case the esophagus may 
only be accessible via a transnasal approach using a small diameter esophagoscope.

 
Figure 79-4 A, Patient undergoing flexible esophagoscopy under general anesthesia. B, Schematic representation of the arrangement of equipment for flexible esophagoscopy while the patient is under general anesthesia. 

 

Figure 79-5 Schematic representation of the arrangement of equipment for a rigid esophagoscopy. 

 

TABLE 79-4 -- COMPLICATIONS OF PHARYNGOSCOPY AND ESOPHAGOSCOPY

 Complication

Pharyngoscopy Epistaxis

 Dental trauma

 Coughing/choking

Esophagoscopy Dental trauma



 Bleeding

 Perforation

 Mediastinitis

 Cardiac arrhythmia[7] 

 Carotid artery dissection[9] 
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and the gastroesophageal junction. Proximal perforations are the result of the esophagoscope impinging on the cervical vertebrae, particularly when spinal rigidity or calcified spurs have developed. Distal perforations can result when the 
lumen of the esophagus is difficult to identify, especially when it is deviated from its usual course or markedly dilated as in achalasia. Esophagoscopy with biopsy or dilatation carry an increased risk of esophageal perforation.

Perforation of the esophagus is usually apparent within several hours of the procedure. Patients in whom a perforation is suspected should be observed for at least 8 to 12 hours post-operatively, during which they are kept nil by mouth and 
maintained on intravenous fluids.[10] Antipyretics and antibiotics are not given because they may mask signs and symptoms of a perforation. Perforation of the cervical esophagus or hypopharynx is characterized by steady pain and tenderness 
in the neck. Swelling and subcutaneous emphysema maybe palpated or visualized radiographically in the neck. Perforation of the thoracic esophagus is more serious. It is typically indicated by high fever, tachycardia, hypotension, chest pain 
radiating to the back, tenderness on sternal pressure, and subcutaneous emphysema in the neck. Chest x-rays will show a pneumomediastinum and possibly a unilateral or bilateral pleural effusion.

An esophageal perforation is an emergent situation requiring prompt diagnosis and treatment. An esophagram using a water-soluble contrast material is generally used for diagnosis and location of the perforation. Either a low cervical 
incision or a thoracotomy is then required to repair the perforation if possible and drain the site. The patient is then treated with intravenous antibiotics and healing of the perforation is followed by serial esophagrams.

SUMMARY AND FUTURE TRENDS

Pharyngoscopy and esophagoscopy are essential tools for the treatment of diseases of the head and neck. Advancements in endoscope technology have broadened the indications for the use of these tools. Although currently there is a 
controversy regarding the indications for the use of the rigid esophagoscope and the flexible esophagoscopes, the flexible esophagoscope has been gaining popularity in the otolaryngology community. This trend will continue as 
otolaryngologists become increasing familiar with this instrument. Regardless, it is the responsibility of every endoscopist to become familiar with the techniques and equipment of pharyngoscopy and esophagoscopy so that these tools can 
be used to their fullest extent and complications can be avoided.
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Chapter 80 - THE ESOPHAGUS: ANATOMY, PHYSIOLOGY, AND DISEASES



Jason F. Vollweiler 
Michael F. Vaezi 

NORMAL ESOPHAGEAL ANATOMY AND PHYSIOLOGY

The esophagus is a muscular tube connecting the pharynx to the stomach, acting as a channel for the transport of food. However, its structure and function is much more complex. A thorough understanding of this anatomy and physiology is 
essential in understanding esophageal disease states.

The proximal margin of the tubular esophagus is the upper esophageal sphincter (UES), the functional unit correlating anatomically with the junction of the inferior pharyngeal constrictor and cricopharyngeus.[53] The esophagus extends 
distally 18 to 26 cm within the posterior mediastinum as a hollow muscular tube to the lower esophageal sphincter (LES) ( Figure 80-1 ). The LES is a 2- to 4-cm-long focus of tonically contracted thickened circular smooth muscle that lies 
within the diaphragmatic hiatus.[89] 

The esophageal wall is comprised of four layers: mucosa, submucosa, muscularis propria, and adventitia. The esophagus has no serosa, which makes it unique to the rest of the gastrointestinal (GI) tract. The mucosa is normally composed of 
stratified squamous epithelium, lamina propria, and the muscularis mucosa. Lymphatic drainage begins in the lamina propria. The muscularis propria consists of both skeletal and smooth muscle. The proximal 5% to 33% is skeletal muscle, 
the middle 35% to 40% is mixed, and the distal 50% to 60% is smooth muscle.[90] The muscles are arranged into inner circular and outer longitudinal layers.

The smooth muscle portions of the esophageal body are innervated by the vagus nerve, which controls peristalsis under physiologic conditions. Neural innervation of the esophagus is from the myenteric or Auerbach's plexus, located 
between the two muscle layers and from Meissner's plexus, which is located in the submucosa.[30] The myenteric plexus is responsible for esophageal peristalsis, whereas Meissner's complex is the site of afferent sensory input ( Figure 80-2 ). 
Although the precise interaction between morphology and function of the nerve plexuses is not entirely clear, there are two main neurotransmitters within the myenteric plexus. Excitatory stimulation from acetylcholine mediates contraction 
of both the longitudinal and circular muscle layers. Inhibitory neurons predominantly affect the circular muscle layer via nitric oxide. Excitatory stimulation from acetylcholine has its largest effect proximally, whereas inhibitory effect of 
nitric oxide is seen distally. [29] 

Functionally, the UES, the esophageal body, and the LES act in a coordinated manner to allow normal swallowing. Swallowing begins when a food bolus is propelled into the pharynx from the mouth. This oropharyngeal phase of 
swallowing is voluntary, whereas the esophageal phase that follows is involuntary. In rapid sequence and with precise coordination, the larynx is elevated and the epiglottis seals the airway. A rapidly progressing pharyngeal contraction then 
transfers the bolus through the relaxed UES into the esophagus. As the UES closes, a progressive circular contraction begins in the upper esophagus and proceeds distally along the esophageal body to propel the bolus through the relaxed 
LES ( Figure 80-3 ). Peristaltic pressures normally ranging from 30 to 180 mmHg are generated.[12] [28] [115] The measured pressure tends to be lower in the more proximal portions of the esophagus and greater in the distal smooth muscle portions.
[115] The pressures may also vary with the consistency of the bolus itself. The LES subsequently closes with a prolonged contraction, preventing movement back into the esophagus. The mechanical effect of peristalsis is a stripping wave that 
strips the esophagus clean from its proximal to its distal end.

Secondary peristalsis is a progressive contraction in the esophageal body that is induced by stimulation of sensory receptors, rather than a swallow. Distention by residual food bolus or the refluxed gastric contents are usually the stimulants. 
This begins approximately
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Figure 80-1 Schematic view of the esophagus and its relationship to neighboring structures. UES, upper esophageal sphincter; LES, lower esophageal sphincter. (Reprinted with the permission of the Cleveland Clinic Foundation.) 



 

Figure 80-2 Cross-sectional anatomy of the esophagus. Note the outer longitudinal layer and inner circular layer of smooth muscle. Auerbach's plexus, which is responsible for peristalsis, is located between the two muscle layers. Meissner's 
plexus, responsible for sensation, is in the submucosa. (Reprinted with the permission of the Cleveland Clinic Foundation.) 

 

Figure 80-3 Normal esophageal peristalsis. The esophageal body and sphincters are intricately coordinated. UES pressure (located at 19 cm) falls quickly at swallow initiation (WS), followed by initiation of esophageal body peristalsis and 
LES relaxation (located at 42 cm). The peristaltic pressure tends to be lower in the proximal and midesophagus and higher in the distal smooth muscle portion of esophagus. (Reprinted with the permission of the Cleveland Clinic Foundation.) 



 

Figure 80-4 Dysphagia evaluation algorithm. 

 

Figure 80-5 Normal squamocolumnar junction. The squamocolumnar junction is recognized by the irregular "Z line" marking the interface between the light pink esophageal squamous mucosa and the red columnar gastric mucosa. 

 

Figure 80-6a Anatomy of the gastroesophageal junction. A, Normal gastroesophageal junction, the squamocolumnar junction, and diaphragmatic hiatus are all at the same level. B, Barrett's esophagus; the squamocolumnar junction is 



proximal to the gastroesophageal junction. 

 

Figure 80-6b Hiatal hernia; the gastroesophageal junction is proximal to the diaphragmatic hiatus. (Reprinted with the permission of the Cleveland Clinic Foundation.) 

 

Figure 80-7 Endoscopic view of the gastroesophageal junction with severe esophagitis. There is a circumferential ulceration with surrounding erythema and a moderate size stricture. 

 

Figure 80-8 Endoscopic view of the gastroesophageal junction with a Mallory-Weiss tear. The tear is the mucosal break located on the left side of the photo. Mallory-Weiss tears, which often occur after vomiting or retching, are common 
causes of upper gastrointestinal bleeding. 



 

Figure 80-9 Endoscopic view of the distal esophagus. Three columns of blue-colored esophageal varices are present. 

 

Figure 80-10 Normal esophageal manometry. The wet swallow initiates a progressive peristaltic contraction in the body of the esophagus with wave amplitudes of 30 to 180 mmHg. The LES relaxes completely to gastric baseline at the end 
of peristalsis. 

 

TABLE 80-1 -- ESOPHAGEAL MANOMETRIC FINDINGS IN NORMALS AND MOTILITY DISORDERS

 Normal Achalasia DES Nutcracker IEM

Basal LES pressure (mmHg) 10–45 Normal or high Normal Normal Low or normal



LES relaxation with swallow Complete Incomplete Normal Normal Normal

Wave progression Peristalsis Aperistalsis Peristalsis with at least 20% 
simultaneous contractions

Normal 30% or more failed nontransmitted 
contractions

Distal wave amplitude (mmHg) 30–180 Usually low (may be normal or high) Normal High 30% or more <30 mmHg
 
the percentage of time that the pH is less than 4.0 is the single most important parameter to measure and is calculated in most software programs used in the analysis of pH monitoring. Studies are generally considered abnormal when the 
total percentage of time the pH is less than 4.0 is greater than 4.2%.[69] [70] Stratification by supine and upright time is also reported by all software programs.

Although the pH software automatically calculates the total, upright, and supine reflux times, manual review of the pH tracing to exclude artifact is essential for precise interpretation. A typical reflux event has an abrupt drop in pH (see 
Figure 80-12 and Figure 80-13 ). This must be distinguished from a slowly drifting pH value that may result from the probe losing contact with the esophageal mucosa and drying out. Probe dysfunction or disconnection can result in a 
reading that drops to zero. In addition, some patients may sip on acidic carbonated or citrus beverages, causing prolonged periods of pH levels being less than 4.0. These artifacts should be identified and their corresponding time excluded 
from the study when calculating acid exposure times.

One potential advantage of ambulatory pH monitoring is the ability to correlate symptoms with reflux episodes. However, even in patients with well-documented GERD, fewer than 20% of reflux episodes are associated with symptoms. This 
has led to the development of several scoring systems. The symptom index score is defined as the percentage of symptom episodes related to reflux events during the study period.[154] Good correlation is considered to be 50%. The symptom 
association probability (SAP) score is a statistical probability calculation in which the entire pH tracing is separated into 2-minute intervals and each segment is evaluated for reflux and symptoms episodes. A modified chi-square test is used 
to calculate the probability that the observed distribution could have occurred
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Figure 80-11 Typical pH unit used for ambulatory pH monitoring. The unit has buttons that can be activated by the patient during the study to indicate symptoms, meals, and recumbency. 

 

Figure 80-12 Normal pH tracing as generated by computer software. Symptoms, meals, and recumbency are recorded on the tracing. A reflux event occurs when the baseline pH drops abruptly to less than 4.0. Several short episodes of 
reflux with meals are demonstrated, as well as one spontaneous event related to recumbency. Although there are several reflux events, the total time the pH is less than 4.0 is normal and this patient would not be considered to have GERD. H, 
Heartburn; M, meal; S, supine. 

 

Figure 80-13 pH tracing of a patient with GERD. Although the baseline pH varies considerable, several long episodes of reflux with pH less than 4.0 are noted. These events occur post-prandially, not exclusively related to a meal as in 
Figure 80-12 . The total pH time less than 4.0 is abnormal, and thus the patient has GERD. The patient's symptom of chest pain correlates with episodes of reflux. H, Heartburn; M, meal; S, supine; C, chest pain. 



 

Figure 80-14 Bilitec 2000 monitor for duodenogastroesophageal reflux. The probe is a fiberoptic spectrophotometer designed for the detection of bilirubin in the distal esophagus. 

 

Figure 80-15 Bilitec tracing of a patient with duodenogastroesophageal reflux. Reflux is defined as bilirubin absorbance greater than 0.14. This patient has several postprandial episodes of reflux associated with heartburn (H). Also note the 
prolonged episode of duodenogastroesophageal reflux while supine (S). 

 

Figure 80-16 The Bravo pH capsule. The capsule is approximately the side of a medication capsule. Placement of the capsule to the esophageal mucosa with endoscopic assistance eliminates the need for a pH catheter. 



 

Figure 80-17 Bravo pH capsule attached to the distal esophageal mucosa after deployment. 

 

Figure 80-18 Classic esophagram of a patient with achalasia. The esophagus is dilated with a "bird's beak" tapering of the distal esophagus. Retained secretions form the heterogenous air-fluid level seen at the top of the barium column. 



 

Figure 80-19 Esophagram of late-stage achalasia. The esophagus now has a sigmoid-like tortuosity with a large amount of retained debris. 

 

Figure 80-20 Manometric findings in achalasia. The aperistalsis is manifested by isobaric contractions without propagation. The LES pressure, which is elevated, shows minimal relaxation with swallowing. 

 

Figure 80-21 Endoscopic view of distal esophagus in a patient with achalasia. The esophagus is dilated with retained fluid and debris. 



 

Figure 80-22 Manometric findings in diffuse esophagus spasm (DES) There are repetitive simultaneous contractions in the esophageal body, but some normal peristalsis is maintained. LES relaxation is normal and complete. 

 

Figure 80-23 Esophagram of a patient with DES. This is the classically described "corkscrew" esophagus. 



 

TABLE 80-2 -- ETIOLOGY OF ESOPHAGEAL STRICTURES

Intrinsic strictures

Acid peptic

Pill-induced

Chemical/lye

Post-nasogastric tube

Infectious esophagitis

Sclerotherapy

Radiation-induced

Esophageal/gastric malignancies

Surgical anastomotic

Congenital

Systemic inflammatory disease

Epidermolysis bullosa

Extrinsic strictures

Pulmonary/mediastinal malignancies

Anomalous vessels and aneurysms

Metastatic submucosal infiltration (breast cancer, mesothelioma, adenocarcinoma of gastric cardia)
 
Rings/Webs

Esophageal rings and webs are common findings on upper endoscopy, and many are asymptomatic. However, some patients do experience significant symptoms from these structural abnormalities. Symptoms can include intermittent solid 
food dysphagia, aspiration, and regurgitation. Although the terms esophageal ring and esophageal web have been used interchangeably, there are subtle differences in what defines each entity. Rings are circumferential, can consist of mucosa 
or muscle, and most commonly occur in the distal esophagus.[137] Esophageal webs occupy only part of the esophageal lumen, are always mucosal, and are usually located in the proximal esophagus.

Esophageal webs can be found in as many as 5% of asymptomatic individuals.[137] When symptomatic, they usually cause dysphagia. An association between esophageal webs and iron deficiency was noted by gastroenterologists Plummer and 
Vinson in the United States, as well as otolaryngologists Paterson and Kelly in the United Kingdom.[78] [100] [149] This has given the name Plummer-Vinson or Paterson-Kelly syndrome to the triad of proximal esophageal webs, iron deficiency 
anemia, and dysphagia.[61] [68] Barium radiography is the most sensitive test to diagnose esophageal webs ( Figure 80-26 ). Also possible is endoscopic visualization, in which the web will appear as a thin, eccentric lesion with normal-appearing 
mucosa. Some webs are located so proximally that routine passage of the endoscope through the UES with fracture the web
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Figure 80-24 Esophagram with a distal esophageal stricture. There is a smooth taper of the distal esophagus consistent with a benign peptic stricture. A subtle Schatzki's ring is also present. 



 

Figure 80-25 Endoscopic views of esophageal strictures. A, Anastomotic stricture with normal smooth mucosa. B, Subtle distal esophageal stricture with Barrett's metaplasia (Salmon pink mucosa extending above the strictured area). 

 

Figure 80-26 Proximal esophageal web on barium swallow in a patient with Plummer-Vinson syndrome. 



 

Figure 80-27 Endoscopic view of a Schatzki's ring. Note the significant narrowing in the esophageal lumen. 

 

Figure 80-28 Esophagram of the Schatzki's ring in the same patient as in Figure 80-27 . 

 

Figure 80-29 Endoscopic view of the esophagus of a 25-year-old man with a 3-year history of severe dysphagia. The endoscopy reveals multiple rings consistent with "ringed esophagus" (left panel). After bougie dilation, a deep mucosal 
tear is evident (right panel), a common complication after dilation for "ringed esophagus." 

 

Figure 80-30 Los Angeles (LA) classification of erosive esophagitis. Note that mucosal breaks are necessary to yield a diagnosis of esophagitis. Subtle findings such as erythema or edema of the gastroesophageal junction are not a part of this 
classification scheme since they are not specific to GERD. 



 

Figure 80-31 Treatment algorithm for extraesophageal manifestations of GERD. 

 

Figure 80-32 Short-segment Barrett's esophagus. "Tongues" of red columnar mucosa extending less than 3 cm above the gastroesophageal junction. 

 

Figure 80-33 Long-segment Barrett's esophagus. The columnar mucosa extending longer than 3 cm above the gastroesophageal junction. Islands of normal squamous mucosa are present within the Barrett's metaplasia. 

 



Figure 80-34 Histology of normal esophagus with stratified squamous epithelium. 

 

Figure 80-35 Histology of distal esophageal biopsy showing goblet cells diagnostic of Barrett's metaplasia. 

 

TABLE 80-3 -- SURVEILLANCE OF BARRETT'S METAPLASIA

Dysplasia Confirmation Intervention

None Two EGDs with four-quadrant biopsies every 2 cm Surveillance endoscopy every 3 years

Low grade Highest grade on repeat EGD with biopsy remains low grade Surveillance endoscopy every 1 year until no dysplasia

High grade Repeat EGD with four-quadrant biopsies every 1 cm Focal HGD-surveillance endoscopy 3 months

 Expert pathologist confirmation Multifocal HGD-esophagectomy, ablation therapy, or esophageal mucosal resection
 
adenocarcinoma. Over half the cases in the United States are now adenocarcinoma; it has been dramatically increasing in frequency over the past half century.

Although the two malignancies share similar presentations and staging, their epidemiology is quite different. Squamous cell carcinoma (SCC) is typically a disease of black males and is associated with alcohol and tobacco abuse. Persons 
with a past history of caustic esophageal injury are also clearly at increased
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risk. Other conditions including achalasia, Plummer-Vinson syndrome, tylosis, and a history of head and neck SCC may also confer increased risk. Esophageal dysplasia and SCC have also been associated with human papillomavirus. On the 
other hand, adenocarcinoma is predominantly a disease of white males and has a well-documented association with GERD and Barrett's esophagus, as discussed previously.[83] The midesophagus is the most common site of SCC followed by 
the distal esophagus, and more uncommonly, the proximal esophagus, whereas adenocarcinoma occurs predominantly in the distal esophagus and at the GEJ ( Figure 80-36 ).

Patients with esophageal malignancy typically present with rapidly progressive solid food dysphagia caused by mechanical obstruction. Less commonly, patients may present with odynophagia, iron deficiency, or hoarseness from recurrent 
laryngeal nerve injury. Up to 75% of patients experience weight loss before presentation. SCC is an aggressive locally invasive malignancy, and complications related to local invasion are common. These include tracheoesophageal fistulas 
and recurrent laryngeal nerve 

 
Figure 80-36 Esophageal adenocarcinoma arising in Barrett's esophagus. The nodular mass is highlighted by the arrow. 



 

TABLE 80-4 -- TNM STAGING CLASSIFICATION OF ESOPHAGEAL CANCER

Primary Tumor (T)

TX : Primary tumor cannot be assessed

T0 : No evidence of primary tumor

Tis : Carcinoma in situ

T1a : Tumor invades lamina propria

T1b : Tumor invades submucosa

T2 : Tumor invades muscularis mucosa

T3 : Tumor invades adventitia

T4 : Tumor invades adjacent structures

Regional Lymph Nodes (N)

NX : Lymph nodes cannot be assessed

N0 : No lymph node metastasis

N1 : Lymph node metastasis

Distant Metastasis (M)

MX : Distant metastasis cannot be assessed

M0 : No distant metastasis

M1 : Distant metastasis

 
dysphagia, regurgitation of undigested food, halitosis, cough, and aspiration pneumonia. Barium swallow is an excellent test for the diagnosis of Zenker's diverticulum. Many small diverticula are asymptomatic, but symptomatic patients with 
large diverticula should be offered treatment. The classic treatment is an open surgical resection of the diverticulum with division of the cricopharyngeus muscles.[44] Another option for extremely large diverticula is diverticulopexy, or 
suspension of the diverticulum in a cranial direction.

Midesophageal diverticula are most commonly asymptomatic, and as the name implies, they occur in the midesophagus ( Figure 80-37 ). Traction diverticuli form as a result of external pulling of the esophageal wall from neighboring 
inflammatory or fibrotic tissue, such as adjacent tuberculous mediastinitis.[106] Traction diverticuli are located in the middle third of the esophagus. Midesophageal traction diverticula are the only true diverticula in the esophagus. A second 
type of midesophageal diverticulum is the pulsion diverticulum, which results from internal forces applied to a portion of the esophageal wall. These often relate to motility disorders, and their pathogenesis is similar to Zenker's and 
epiphrenic diverticula.

Epiphrenic diverticula, which are located near the diaphragmatic hiatus, occur in the distal esophagus near the LES ( Figure 80-38 ). These diverticula are often the result of a motility disorder such as achalasia or DES.[14] [37] It is imperative to 
obtain manometric studies in patients with epiphrenic diverticulum to rule out an associated motility disorder. Most diverticula are asymptomatic, but occasionally chest pain or regurgitation can be prominent symptoms. Treatment consists 
of managing the underlying motility disorder and diverticulotomy with or without myotomy for symptomatic diverticula.

Esophageal intramural pseudodiverticula are multiple small outpouchings apparent on barium swallow or endoscopy ( Figure 80-39 ). These rare outpouchings
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are not diverticula and are actually dilated submucosal glands. The cause is not clear, but they are associated with acid reflux, esophageal strictures, and esophageal cancer.

Foreign Bodies



Foreign bodies in the GI tract are a common clinical problem. Common persons who ingest a foreign body, either accidentally or intentionally, include pediatric patients, psychiatric patients, and prisoners. Elderly patients with loose-fitting 
dentures also pose a unique risk. Management principles are based on the nature of the ingested foreign body and its location within the GI tract. The esophagus is one of the locations where intervention is often required. Underlying 
alterations in the lumen of the esophagus play an important role in the risk of a swallowed object becoming lodged. The esophagus has several areas of physiologic narrowing: the upper esophageal sphincter, the level of the aortic arch, and 
the diaphragmatic hiatus/LES where a foreign body can become impacted. The key to the management of foreign bodies is understanding that different foreign bodies require different interventions. It is important to distinguish a true foreign 
body from a food impaction.

Food impactions tend to occur in adults with benign structural abnormalities of the esophagus. Patients usually present with the sudden onset of dysphagia 

 
Figure 80-37 Midesophageal traction diverticulum. The true esophageal lumen is located inferiorly. Traction diverticula are the only true diverticula that form in the esophagus. 

 

Figure 80-38 Multiple epiphrenic diverticula. Epiphrenic diverticula are located in close proximity of the gastroesophageal junction. These diverticula are strongly associated with motility disorders such as achalasia. 

 

Figure 80-39 Esophageal pseudodiverticulosis. Multiple small outpouchings can be seen emanating from the esophagus. These pseudodiverticula are actually dilated submucosal glands. 

 

TABLE 80-5 -- MEDICATIONS IMPLICATED IN PILL-INDUCED ESOPHAGITIS

Nonsteroidal antiinflammatories (NSAIDs)

Aspirin

Tetracycline

Doxycycline



Clindamycin

Ferrous sulfate

Potassium chloride

Quinidine

Verapamil

Alendronate

Phenytoin

Vitamin C

Oral contraceptives

Glucocorticoids

Captopril
 
endoscopy with biopsy and brushings. The classic endoscopic appearance is adherent white-pale yellow plaques ( Figure 80-40 ). It should be noted that this appearance is not pathoneumomic for candida because it can occur with any cause 
of esophagitis. Brushings of the plaques will reveal hyphae and budding yeast in the presence of candida. Treatment consists of antifungal therapy, most commonly with fluconazole, 100 to 200 mg/day for 10 to 14 days. In patients with only 
mild immunologic deficiencies, the topical antifungal agents clotrimazole and nystatin are reasonable alternatives. These agents are virtually devoid of adverse effects but require administration four to five times per day. Patients that are 
granulocytopenic and more severely compromised may need treatment with amphotericin B to prevent disseminated disease.

CMV is another frequent cause of esophagitis. CMV infects the submucosal fibroblasts and endothelial cells rather than the squamous epithelium. Because CMV may be a more systemic infection, patients often present with several GI 
symptoms, including abdominal pain, nausea, and vomiting, in addition to painful swallowing. The typical endoscopic findings are serpiginous erosions and ulcers, which can coalesce and form deep, larger ulcers ( Figure 80-41 ). Tissue 
diagnosis is needed to confirm the infection. Biopsy specimens should be taken from the base of the ulcer 

 
Figure 80-40 Endoscopic view of severe candida esophagitis. The esophageal lumen is obscured by thick adherent white-yellow plaques. 

 

Figure 80-41 Endoscopic view of CMV esophagitis. Several deep ulcers are present in the midesophagus. Biopsy specimens should be taken from the ulcer base to make the diagnosis. 

 

Figure 80-42 Left panel, Early HSV esophagitis. Multiple small vesicles and surrounding ulceration. Biopsy specimens should be taken of the squamous epithelium at the edge of an ulcer to make the diagnosis. Right panel, Late HSV 
esophagitis. Vesicles have ruptured to from large shallow ulcers. The esophagus is significantly denuded of squamous epithelium. 



 

Figure 80-43 Histology of HSV esophagitis. Note the multinucleated giant cells and ground glass intranuclear inclusion bodies. 

 

TABLE 80-6 -- CAUSTIC ESOPHAGEAL INJURY

Grade 0: Normal

Grade 1: Mucosal edema and erythema

Grade 2A: Superficial ulcers, bleeding, exudates

Grade 2B: Deep focal or circumferential ulcers

Grade 3A: Focal necrosis: Deep ulcers with brown, black, or gray discoloration

Grade 3B: Extensive necrosis

Grade 4: Perforation
 
 
Figure 80-44 Tight esophageal stricture resulting from caustic ingestion. 

 

Figure 80-45 Barium esophagram of the stricture shown in Figure 80-44 . The stricture extends the entire length of the esophagus. 



 

Figure 80-46 Upper GI series in a patient with scleroderma. The esophagus is dilated with a patulous gastroesophageal junction. On fluoroscopic imaging, free gastroesophageal reflux was visualized. 
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Chapter 81 - ZENKER'S DIVERTICULUM

Christopher Y. Chang 
Richard L. Scher 

INTRODUCTION

Esophageal diverticula are classified based on anatomic location (pharyngoesophageal, midesophageal, or epiphrenic) and mechanism of origin (pulsion or traction). Traction diverticula are a result of pulling forces external to the esophagus 
secondary to inflammatory or neoplastic processes and usually occur on the anterior wall of the esophagus near the bifurcation of the trachea. In contrast, pulsion diverticula are a result of herniation of esophageal mucosa and submucosa 
through an area of weakened esophageal musculature. Of the various types of esophageal diverticula, Zenker's diverticulum (ZD), a pulsion type diverticulum, is one of the most common symptomatic esophageal diverticula with an annual 
incidence of 2 per 100,000 people per year, with males being affected 2 to 3 times more commonly than females. * For patients referred for an examination of the upper gastrointestinal tract, the incidence can reach as high as 1 in 1000.[33] [99] [114] 
It is extremely rare in Asia and Africa where gastroesophageal reflux disease is also uncommon, suggesting that reflux may play a role in its etiology.[33] [108] [109] Most esophageal diverticula are acquired lesions found in adults, particularly in the 
seventh and eighth decade. Pediatric hypopharyngeal diverticula along with true ZD are extremely rare with most cases being congenital in nature and fatal secondary to massive aspiration pneumonia. † 

Zenker's diverticulum is classically defined as a pulsion diverticulum between the cricopharyngeal muscle and inferior constrictor muscle in an area of weakness called Killian's dehiscence or triangle, first described by Killian[50] in 1907 



( Figure 81-1 ). However, there are other areas of weakness where pulsion diverticula may form including Killian-Jamieson's area between the oblique and transverse fibers of the cricopharyngeal muscle, and Laimer's triangle formed 
between the cricopharyngeal muscle and the most superior esophageal wall circular muscles ( Figure 81-2 ).[113] More rarely, pharyngoceles may be found in the posterolateral or lateral areas of the pharynx and hypopharynx ( Figure 81-3a and 
Figure 81-3b ).[43] Cases of double pharyngeal pouches have also been described ( Figure 81-4 ).[71] Interestingly, ZD is found almost exclusively in humans and hypothesized to be secondary to the large size and relatively caudal cervical 
location of the larynx when compared with lower animals. [108] [113] The caudal location of the larynx results in an oblique orientation of the pharyngeal constrictor muscles resulting in regions of weakness. Such muscular vulnerabilities are 
absent in animals since the pharyngeal and esophageal musculatures have a coherent parallel orientation throughout the upper aerodigestive tract. Indeed, ZD has been found in only one animal, the Mangabay monkey, in a single case so far.
[113] 

Theoretically, a diverticulum herniates to the side of least resistance. Accordingly, it is hypothesized that ZD is more prone to herniate to the left because the carotid artery is more laterally located on this side of the neck, making it less 
adherent to the adjacent prevertebral fascia and because there the cervical esophagus has a slight convexity to the left.[51] [113] According to one series, although two-thirds of ZD are found in the midline, nearly 25% protruded to the left; whereas 
only 10% protruded to the right.[10] [25] 

PRESENTATION

It is a capital mistake to theorize before one has data. Insensibly one begins to twist facts to suit theories, instead of theories to suit facts. 
—Sir Arthur Conan Doyle (1859–1930)

Patient history alone may raise suspicion for Zenker's diverticulum. The predominant symptom is progressive dysphagia, which may occur in excess of

*References [28] [59] [68] [99] [109] [114] . 
†References [3] [11] [23] [24] [34] [36] [48] [60] [70] [75] [91] . 
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Figure 81-1 Large Zenker's diverticulum discovered by Zenker during an autopsy on a 67-year-old-man. Drawing from Krankheiten des Oesophagus by Zenker and von Ziemssen, 1877. (From Westrin KM, Ergun S, Carlsoo B: Zenker's 
diverticulum—a historical review and trends in therapy, Acta Otolaryngol (Stockh) 116:352, 1996.) 

 

Figure 81-2 Types of esophageal diverticula. A, Killian's triangle: region between the cricopharyngeal and inferior constrictor muscle. B, Laimer's triangle: region between the cricopharyngeal and most superior esophageal circular muscle. 
C, Killian-Jamieson's triangle: region between the oblique and transverse fibers of the cricopharyngeal muscle. D, Lateral pharyngocele: variable location above and lateral to the cricopharyngeus. 



 
—Thomas H. Huxley (1825–1895)

Although it is widely accepted that ZD is an acquired pulsion diverticulum, considerable controversy exists on the mechanism of its formation. Ludlow[66] in Bristol, England gave the first anatomic description of a pulsion diverticulum of the 
hypopharynx in 1769. Ludlow believed that this condition was induced in his subject by trauma after swallowing a cherry stone. Subsequent pathologists hypothesized traumatic rupture or burn, congenital upper esophageal stricture, thyroid 
goiter, or foreign bodies as a trigger for ZD formation.[113] It was not until 1877 that these hypotheses were rejected as erroneous and the basic pathophysiology was described by and the diverticulum named after Zenker, a German pathologist 
( Figure 81-7 ).[118] 

 
Figure 81-3a Left lateral pharyngocele in a 45-year-old male. A, Barium swallow anterior view. A faint outline of the diverticulum can be seen in the left neck anterior and superior to the thyroid cartilage (arrowheads). Barium is outlining 
the medial wall of the diverticulum. B, Barium swallow lateral view. 



 

Figure 81-3b C, Direct laryngoscopy demonstrating pharyngeal pouch. Spatula probe is within pouch. D, Direct laryngoscopy after endoscopic staple diverticulostomy. E, epiglottis. 
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Figure 81-4 Barium swallow revealing a double esophageal diverticulum. A, Anterior view. B, Lateral view of 80-year-old female found to have a 3-cm Zenker's diverticulum (arrow) and a 0.5-cm right Killian-Jamieson diverticulum 
(arrowhead). Patient underwent successful endoscopic staple diverticulostomy of the Zenker's diverticulum. No attempt was made to correct the remaining diverticulum. 

 
—Sir William Bragg (1862–1942)

A variety of open, external surgical approaches to treating ZD have been performed, with and without the inclusion of cricopharyngeal myotomy. The first recorded, but unfortunately fatal, treatment was by Nicoladoni[77] in Vienna in 1877 
who established a fistula to drain the sac, a procedure Bell[7] first proposed in 1816. Zenker and von Ziemssen[118] in 1877 recommended dilatations of the esophageal inlet.[113] Niehans unsuccessfully attempted ZD excision in 1884. This 
procedure, first suggested by Kluge in 1850, resulted in the death of his patient from hemorrhage from the superior thyroid artery.[37] [78] [113] Wheeler,[115] two years later, successfully excised a diverticulum. Kocher[53] in 1892 performed a 
diverticulectomy with primary closure. Girard[35] in 1896 inverted the diverticulum, a procedure first described by Keyrat in 1866. [113] Schmid[95] in 1912 described the method of diverticulopexy which
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Figure 81-5 Zenker's diverticulum (arrow) in a 63-year-old patient who underwent barium swallow. A, Anterior view. B, Lateral view. 
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TABLE 81-1 -- DIFFERENTIAL DIAGNOSIS OF DYSPHAGIA

Congenital or acquired Esophageal stenosis, stricture, web

 Extrinsic compression from neck mass

 Carcinoma

 Trauma or iatrogenic (prior surgery)

 Inflammatory or infectious masses

 Tumor

 Plummer-Vinson syndrome

 Esophageal diverticulum

Motility disorders Achalasia

 Esophageal spasm

Muscular incoordination Myasthenia gravis

 Muscular dystrophy

 Thyrotoxicosis

 Carcinomatosis

Central neuropathic Stroke



 Bulbar palsy

 Trauma

Peripheral neuropathic Trauma

 Neuritis

 Collagen-vascular disorders

Idiopathic Idiopathic
 
 
Figure 81-6a Chest x-ray of a 75-year-old patient with a 6-cm Zenker's diverticulum. A, Before barium swallow. Note the hazy soft tissue mass in the right upper lung field (arrowheads) representing the Zenker's diverticulum. B, After 
barium swallow in the same patient. Air-fluid level can be seen within the Zenker's diverticulum. 

 

Figure 81-6b Barium swallow in the same patient revealing the diverticulum (arrow). 



 
†References [1] [6] [14] [68] [83] [96] [112] . 
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TABLE 81-2 -- ZENKER'S DIVERTICULUM CLASSIFICATION SCHEMES

Researcher Stage 1 Stage 2 Stage 3 Stage 4

Lahey (1930) Small mucosal protrusion, spherical in shape Pear-shaped Glove-fingered shape  

Brombart (1964) Thorn-like diverticulum (longitudinal axis of 2–3 mm) 
visible only during contraction phase of upper esophageal 
sphincter

Club-like diverticulum of 7–8 mm) visible 
only during contraction phase of upper 
esophageal sphincter

Bag-shaped diverticulum (caudally oriented axis 
> 1 cm in ength) without lcompression of the 
esophagus

Compression of the esophagus which is 
displaced ventrally

Morton (1993) <2 cm 2–4 cm >4 cm  

van Overbeek (1994) =1 vertebral body 1–3 vertebral bodies >3 vertebral bodies  

 
 
Figure 81-7 Friedrich Albert von Zenker, Professor of Pathology at Erlangen University (1825–1898), German pathologist whose name is associated with Zenker's diverticulum. (From Payne WS: The treatment of pharyngoesophageal 
diverticulum, Hepatogastroenterology 39:109, 1992.) 

 

Figure 81-8a Steps of performing a transcervical diverticulectomy. A, Incision line is illustrated. An alternative incision line may be along the anterior border of the sternocleidomastoid muscle. 

 

Figure 81-8b B, Soft tissues are dissected away. The trachea, strap muscles, and thyroid gland are retracted medially and the sternocleidomastoid muscle retracted laterally. The omohyoid muscle may also be retracted laterally or 
alternatively divided for exposure. Once the diverticulum and cricopharyngeus muscle are identified, a cricopharyngeal myotomy is performed. The diverticulum itself may be excised and the defect closed using a purse-string suture (C) or 
with a stapler (D). 



 

Figure 81-9 Inversion technique. After a cricopharyngeal myotomy is performed and diverticulum freed, a purse-string 3-0 absorbable (polyglactin) suture is then passed extra mucosally around the neck of the diverticulum. The pouch is 
then inverted and the purse-string suture pulled tight. The muscle fibers may then be approximated over the defect. In this method, no feeding tube is required if the mucosa was not violated. 

 

Figure 81-10 Diverticulopexy technique. After a cricopharyngeal myotomy is performed and diverticulum freed, the sac is tacked with 2-0 silk sutures superiorly to the prevertebral fascia. 

 



Figure 81-11 Dohlman Portrait: Gosta Dohlman, Professor of Oto-rhino-laryngology at Lund University who introduced endoscopic diathermic diverticulostomy. (From Westrin KM, Ergun S, Carlsoo B: Zenker's diverticulum—a historical 
review and trends in therapy, Acta Otolaryngol (Stockh) 116:357, 1996.) 

 

Figure 81-12 General patient positioning for endoscopic techniques. 

 

Figure 81-13 Endoscopic electrocautery technique. 

 

Figure 81-14 Laser technique. 

 

Figure 81-15a ESD Instruments. A, Weerda laryngoscope. B, Endostitch. C, Endostitch tip. 



 

Figure 81-15b D, Stapler. E, Stapler cartridges. 



 

Figure 81-16a Endoscopic staple diverticulostomy technique as seen with a rigid telescope. Actual corresponding intra-operative photos of the procedure are shown as insets. A, Common wall visualized using a Weerda laryngoscope. 

 

Figure 81-16b B and C, Using an Endostitch, retraction sutures are placed on the lateral aspects of the common wall. 

 



Figure 81-16c D, The common wall is positioned between the blades of the stapler. E, The common wall is divided after the stapler is activated. The retraction sutures are cut and removed. 

 
†References [19] [43] [52] [85] [92] [94] . 
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intralumenal pressures.[89] Persistent foreign body sensation and odynophagia were reported after ESD because of retention of a clump of staples in one case and a piece of silk retention suture in another.[4] [94] Removal of the staples and stitch, 
respectively, resulted in symptomatic relief. Finally, a fatal case of mediastinitis as a result of delayed perforation on postoperative day two has also been reported, although in this case report, no mention was made whether the pouch and 
divided wall were examined carefully for perforation intraoperatively, a practice that needs to be performed at the conclusion of every procedure.[80] 

Recurrence

Regardless of the technique used, whether external or endoscopic procedures, patient relief of symptoms postoperatively have been found to be in excess of 90% in the short term. However, recurrence of preoperative symptoms after surgery 
has been found to be variable with the different surgical approaches. Recurrence rates of 0% to 19% for external approaches have been reported with variable length of follow-up.[15] For endoscopic approaches, recurrence rates between 0% 
and 22% have been reported also with variable length of follow-up. [15] In a large cohort study of 159 ESD cases, there was an 11.8% recurrence reported by Chang, Payyapilli, and Scher,[15] with 32.2 months average follow-up. Interestingly, 
this last study exhibited a bimodal distribution of recurrences with partial return of symptoms occurring on average 33.9 months after ESD; whereas complete return of symptoms occurred earlier, on average 8.5 months after ESD. Several 
reasons may explain this distribution. The relatively short interval of time before complete recurrence may be a result of incomplete division of the cricopharyngeal muscle, as well as restenosis of the common wall from scarring. In one 
patient, the procedure made her symptoms worse within 6 weeks. This patient was found at the time of revision ESD (5 months later) to have scar formation across the diverticulostomy of the common wall. Theoretically, reflux may irritate 
the freshly divided edges of the common wall and encourage scar tissue formation during the healing process resulting in early restenosis of the common wall and recurrence of symptoms at an earlier time point. Findings of a partial or 
complete scar band at the earlier ESD diverticulostomy site for revision ESD support such wound healing inflammatory factors. Furthermore, gastroesophageal reflux has been postulated to lead to cricopharyngeal spasm, which may 
predispose to the development of ZD.[31] [44] Many patients with ZD also have gastroesophageal reflux, which when corrected has been shown to lead to normalized upper esophageal sphincter pressures.[31] [44] 

Patients with minimal return of symptoms, however, may have reformation of ZD because of slow processes similar in pathophysiology to that which led to its initial formation, a process that takes years, unlike scar formation from aberrant 
healing that takes only weeks. It is possible in some of these patients that the cricopharyngeal muscle was incompletely divided, leading to partial reformation of ZD during many months to years that result in partial, but not complete, return 



of symptoms. However, without performing a direct laryngoscopy on these patients to assess the ZD, it is impossible to say with certainty, given the aging population, whether other factors unrelated to ZD may be developing, contributing to 
the appearance of these symptoms (see Table 81-1 ).

Intraoperative measures to decrease the chance of recurrence and complications include the use of retraction sutures to help position the common wall and allow the stapler to have total access to the cricopharyngeal muscle for maximal 
sectioning, as well as for the removal of any loose staples or retained sutures immediately after the common wall is divided to prevent mucosal edge irritation and subsequent restenosis.[19] After ESD, several measures may be pursued to help 
minimize inflammation that may lead to restenosis of the common wall. Proton pump inhibitors are routinely prescribed for 2 to 3 months after surgery regardless of whether the patient had symptomatic reflux. Even in the literature for 
external approaches, some surgeons have advocated treatment of reflux post-operatively to reduce risk of recurrence, although others dispute any role in recurrence.[33] [62] Endoscopic staple diverticulostomy does not induce thermal injury and 
inflammation to the tissues as do CO2 laser and electrocautery, which may encourage scar tissue formation. Finally, control of other factors that may affect swallowing other than ZD must be controlled to achieve greatest chance of symptom 
relief.[92] 

The vast majority of patients who experience recurrence of ZD after primary excision by transcervical route or any manner of endoscopic diverticulostomy may undergo revision ESD without any increase in technical difficulty or increased 
morbidity. * However, revision ESD may not be the best option for those patients with a very small recurrent pouch (less than or equal to 1 cm) who have had previous external diverticulectomy, as scarring from earlier treatment and small 
diverticular size make retraction of the common wall into the stapler blades difficult.[92] Such patients should be counseled to undergo observation or external reoperation depending on symptom severity.[92] Unlike revision ESD,

*References [15] [19] [52] [85] [92] [94] . 
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external reoperative procedures are technically demanding and have a much higher incidence of complications secondary to adhesions and distorted anatomy.[28] [83] Indeed, Payne[83] at Mayo Clinic experienced a jump in complications from 2% 
to 51% and mortality from 0.9% to 3% comparing primary with further external operations during the same period.

SUMMARY

Zenker's diverticulum is a common acquired pulsion esophageal diverticulum found in the elderly population. Patients become symptomatic with dysphagia, regurgitation, and aspiration, necessitating surgical correction. The etiology 
remains unknown but centers on cricopharyngeal muscle abnormalities. Historically, diverticulectomy with cricopharyngeal myotomy has been performed for this condition. However, with recent technical advances, endoscopic approaches, 
particularly endoscopic staple diverticulostomy, have become the treatment of choice for both initial presentation and recurrences because of lower treatment-associated 

 
Figure 81-17 Algorithm to approach a patient with Zenker's diverticulum. 

 
—Sir Winston Churchill (1874–1965), 
Speech in November 1942
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Chapter 82 - NEOPLASMS OF THE HYPOPHARYNX AND CERVICAL ESOPHAGUS

Ravindra Uppaluri 
John B. Sunwoo 



INTRODUCTION

Neoplasms of the hypopharynx and cervical esophagus are some of the most challenging diseases managed by the head and neck surgeon. The primary pathology encountered in these lesions is squamous cell carcinoma, which usually 
presents at an advanced stage and thus poses several challenges to the managing physician. A multidisciplinary team involving head and neck surgeons, radiation therapists, and medical oncologists formulates a treatment plan. Unfortunately, 
the available modalities of treatment yield a similar poor prognosis for patients with hypopharyngeal and cervical esophageal cancer. When primary surgical-based approaches are utilized, a careful assessment of the extent of the tumor is 
critical as hypopharyngeal tumors can often have submucosal extension, significantly influencing the planned resection. Furthermore, the surgeon must consider the reconstructive challenges of the surgical defect, which impacts on 
swallowing, speech, and respiration. When radiation and chemotherapy are used as initial modalities of therapy, great care must be taken to follow patients, because the ability to surgically salvage treatment failures is an integral part of the 
therapeutic regimen. The goal of this chapter is to provide a comprehensive review of cancers of the hypopharynx and cervical esophagus that have devastating effects on the patients who develop them.

ANATOMY OF THE HYPOPHARYNX AND CERVICAL ESOPHAGUS

The hypopharynx is the region of the pharynx that extends from the oropharynx superiorly to the cervical esophagus inferiorly. The cervical esophagus is that portion of the esophagus that extends to the thoracic inlet. The superior extent of 
the hypopharynx is approximately at the level of the hyoid bone or at the level of the pharyngoepiglottic fold. Inferiorly, the hypopharynx tapers to the esophageal introitus at the cricopharyngeus muscle. It is bordered anteriorly by the larynx 
and posteriorly by the retropharyngeal space. It is subdivided into three regions: the pyriform sinuses, the post-cricoid region, and the posterior pharyngeal wall ( Figure 82-1 ).

The pyriform sinuses (one on each side) are composed of anterior, medial, and lateral walls that form an inverted pyramid with the base of the pyramid at the level of the pharyngoepiglottic fold and the apex extending to just below the 
cricoid cartilage. This region is lateral to the aryepiglottic folds and medial to the thyroid lamina. Because of this close relationship, tumors of the hypopharynx often invade the larynx.[69] The medial pyriform mucosa forms the posterior wall 
of the paraglottic space and is separated from the endolarynx by the aryepiglottic folds and the lateral cricoarytenoid muscles. Hypopharyngeal tumors extending medially from the medial wall of the pyriform sinus can, therefore, invade the 
larynx.

The post-cricoid region is the anterior wall of the hypopharynx, extending from just below the posterior aspect of the arytenoid cartilages to the esophageal introitus. Post-cricoid tumors commonly invade the cricoid cartilage and the 
posterior cricoarytenoid muscle. Because the post-cricoid region lies just medial to the tracheoesophageal groove, tumors arising from this area can involve the recurrent laryngeal nerve, paratracheal nodes, and thyroid gland.

The third region of the hypopharynx, the posterior pharyngeal wall, is separated from the vertebral and paravertebral structures by the potential retropharyngeal space. Tumors can easily cross this space to invade pre-vertebral tissues. The 
posterior wall extends from the level of the hyoid bone to the superior aspect of the cricopharyngeus muscle.

The aryepiglottic folds separate the endolarynx from the medial wall of the pyriform sinus bilaterally and form what has been termed the "marginal area." Although the aryepiglottic folds are actually part of
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Figure 82-1 Anatomic regions of the hypopharynx. 

 

Figure 82-2 Hypopharyngeal carcinomas metastasize primarily to the superior jugular and mid-jugular nodes. However, metastasis to the retropharyngeal nodes, paratracheal nodes, paraesophageal nodes, and parapharyngeal space nodes 
may be present. 



 

TABLE 82-1 -- PRESENTING SYMPTOMS OF LESIONS * 

 CLINICAL STAGE

Symptoms All Cases † I/II III/IV

Dysphagia 48.0 21.6 78.4

Neck mass 45.1 7.7 92.3

Sore throat 43.0 28.1 71.9

Hoarseness 35.6 18.7 81.3

Otalgia 17.5 25.1 74.9

Shortness of breath 11.8 12.1 87.9

Hemoptysis 8.1 18.0 82.0

GE reflux 3.0 30.5 69.5

Asymptomatic 1.9 37.3 62.7

GE, gastroesphageal.
*Adapted from Hoffman and others.[58]  
†Numbers are percentages. Note the columns do not total 100% because single patients may have had more than one symptom. 

 
 
 
involving the posterior pharyngeal wall, invasion of the pre-vertebral fascia needs to be assessed clinically and radiographically to ensure an adequate surgical margin. Since distant metastases in certain series are the highest for hypopharyngeal cancers, [132] a metastatic workup by imaging and laboratory testing should also be completed. Comorbidities are also a significant contributing factor in managing these patients. For example, if a 
conservation surgical procedure is planned, the pulmonary function status of the patient needs to be evaluated as these patients are at significant risk for aspiration and must have adequate pulmonary reserve.

Imaging

In the treatment of hypopharyngeal malignancies, the role of imaging involves the pretreatment evaluation of the extent of the primary tumor and possible metastases, as well as the evaluation of the patient after treatment. Hypopharyngeal 
tumors have a propensity for submucosal spread that may be undetectable on clinical or radiographic examination.[56] Causes for surgical failure include submucosal extension, involvement of the thyroid gland, and metastasis to paratracheal 
and upper mediastinal lymph nodes.[48] Thus, imaging is essential to assess tumor extent or recurrence.

Although the barium swallow has been historically used to identify malignancies in this region,[44] its use is now more limited. Some centers continue to utilize the swallow to evaluate for second primaries in the esophagus. In the case of a 
cervical esophageal cancer where an endoscope cannot be passed distally, the barium swallow can be used for imaging the distal extent of disease. Another use of the barium swallow study is in the postoperative setting to examine the 
deglutition process or to identify anastomotic problems such as stricture or fistula.

The primary imaging modality for pretreatment evaluation of the hypopharynx is cross-sectional imaging with computed tomography (CT) or magnetic resonance imaging (MRI). In multiple studies examining the impact of cross-sectional 
imaging on the staging of hypopharyngeal or esophageal cancer, the clinical tumor stage was upstaged in up to 90% of patients.[122] Accuracy of tumor staging, determined by comparison with pathologic findings, is 58% for clinical 
examination, 80% for CT, and 85% for MRI.[10] CT is often preferred to MRI to assess cartilage invasion; however, an experienced radiologist looking for an increased T2 and decreased T1 signal intensity on MRI, which indicates cartilage 
involvement, can achieve a very high degree of sensitivity (89%–100%).[122] The specificity of MRI for cartilage invasion, however, is inferior to CT (62% vs 84%).[155] A wide variability in specificity reflects
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the variability in ossification and the degree of inflammation, edema, or fibrosis at the tumor site. The specificity for cartilage invasion is lowest for the thyroid cartilage (57%), highest for the arytenoid cartilages (95%), and intermediate for 
the cricoid cartilage (87%).[10] Figure 82-3 demonstrates a T4 left pyriform sinus squamous cell cancer that has invaded the arytenoid cartilage and the thyroid lamina. The incidence of a second neoplasm of the aerodigestive tract, either 
synchronous or metachronous to an index tumor of the hypopharynx, has been reported to be 16% to 18%.[132] Therefore, a thorough radiographic evaluation of the entire aerodigestive tract, including the esophagus, is necessary.[33] [81] 

No available data support the routine use of imaging with CT or MRI in the posttreatment period to follow disease-free status. Typically patient symptoms or clinical endoscopic findings will dictate the utilization of specific imaging. The 
role of positron emission tomography (PET) has been explored as a modality to assist in the detection of locoregional recurrence or persistent disease. Several studies have reported on the improved sensitivity of PET over MRI in the 
evaluation of response to therapy.[20] [98] Although this modality appears to have an increased sensitivity (86%) for recurrence over CT/MRI (57%), there is a lower measured specificity with PET (75% vs 92% for CT/MRI).[98] An improvement 
in specificity with PET may be achieved as newer tracers are studied. A recent report by Chesnay and others[22] describes the successful use of 11 C-methionine to follow post-chemotherapy tumor response. Thus, the combination of CT, MRI, 
and PET scanning can be used in all phases of the management of hypopharyngeal and cervical esophageal carcinoma.

 
Figure 82-3 Axial CT scan of a patient with a left pyriform squamous cell carcinoma invading the arytenoids cartilage and the thyroid lamina. 

 

Figure 82-4 Axial CT scan of a patient with a hypopharyngeal lipoma displacing the larynx. 

 

TABLE 82-2a -- AJCC TNM STAGING

Primary tumor (T)

Hypopharynx

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor limited to one subsite of hypopharynx and ≤2 cm in greatest dimension

T2 Tumor invades more than one subsite of hypopharynx or an adjacent site, or measures >2 cm but not >4 cm in greatest dimension without fixation of hemilarynx

T3 Tumor >4 cm in greatest dimension or with fixation of hemilarynx

T4a Tumor invades thyroid-cricoid cartilage, hyoid bone, thyroid gland, esophagus, or central compartment soft tissue (including prelaryngeal strap muscles and subcutaneous fat)

T4b Tumor invades prevertebral fascia, encases carotid artery, or involves mediastinal structures

Cervical esophagus

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria or submucosa

T2 Tumor invades muscularis propria



T3 Tumor invades adventitia

T4 Tumor invades adjacent structures

Regional lymph nodes (N)

Hypopharynx

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node, ≤3 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph node >3 cm but not >6 cm in greatest dimension

N2b Metastasis in multiple ipsilateral lymph nodes, none >6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes, none >6 cm in greatest dimension

N3 Metastasis in a lymph node >6 cm in greatest dimension

Cervical esophagus

NX Regional lymph nodes cannot be assessed

N1 No regional lymph node metastasis

N2 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present
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TABLE 82-2b

Hypopharynx

Stage T N M

0 Tis N0 M0 

I T1 N0 M0 

II T2 N0 M0 

III T3 N0 M0 

 T1 N1 M0 

 T2 N1 M0 

 T3 N1 M0 

IVA T4a N0 M0 

 T4a N1 M0 

 T1 N2 M0 

 T2 N2 M0 

 T3 N2 M0 

 T4a N2 M0 

IVB T4b Any N M0 

 Any T N3 M0 



IVC Any T Any N M1 

Cervical esophagus

Stage T N M

0 Tis N0 M0 

I T1 N0 M0 

IIA T2 ,T3 N0 M0 

IIB T1 ,T2 N1 M0 

III T3 N1 M0 

 T4 Any N M0 

IV Any T Any N M1 

 
severity and comorbidities on outcomes of treatment. Obviously, the TNM system does not acknowledge these underlying patient conditions in stratifying patients. Piccirillo and others[108] [109] demonstrated that comorbidities are an independent 
prognostic factor in outcomes of patients with head and neck cancer. In reporting outcomes based on the TNM system alone, the impact of comorbidity is not included in the majority of outcomes studies on head and neck cancer patients, 
and, thus, comparing studies without knowledge of patient's comorbidities can be misleading. Based on their development of a new comorbidity index, Piccirillo and others recommend that comorbidities should be included in a 
comprehensive clinical staging system for head and neck tumors and reporting outcomes.[109] The AJCC Cancer Staging Manual[46] recommends comorbidity assessment but does not yet incorporate these factors into staging.

AVAILABLE MODALITIES FOR MANAGEMENT

The evolution of the management of hypopharyngeal and cervical esophageal carcinoma has paralleled that of management of cancer of other sites within the head and neck. From the early part of the century through the 1980s, the standard 
therapy focused on radical surgery followed by radiation or radiation alone. More conservative procedures for early lesions became possible with the introduction of conservation laryngeal procedures in the 1960s. Although surgery followed 
by radiation is used primarily in most centers as the standard for advanced stage lesions, organ sparing techniques have more recently become viable options for management with chemotherapy protocols.

Surgical Options: Techniques

An understanding of the technical aspects of surgical management is amplified in the context of the historical experience. In addition, an appreciation of the pathologic behavior in the context of the anatomic boundaries of a hypopharyngeal 
or cervical esophageal carcinoma allows one to appreciate the extent and limitations of these procedures.

Cheever[22] first described the lateral pharyngotomy in combination with a mandibulotomy approach in 1878. Resection of a large tonsil tumor and a node plucking were performed; however, the patient recurred with local and regional 
metastases. With no anesthesia, attempts at control of the local recurrence were made with 18 applications of white-hot irons. Not surprisingly the patients' tumor continued to grow. Other highlights in the development of hypopharyngeal 
cancer treatment include Sebileau's (1904) description of the lateral retrothyroid pharyngectomy; Trotter's (1913) development of the lateral pharyngectomy; the supracricoid hemi-laryngopharyngectomy (SCHLP) described by Andre, Pinel, 
and Laccourreye (1962); and Ogura's (1965) development of the extended supraglottic laryngectomy. Many other surgeons contributed to the development of other techniques including Orton, Alonso, and Harrison. The available surgical 
options can be divided amongst the organ preservation procedures and more radical operations ( Table 82-3 ). The conservation surgical procedures are limited to T1 , T2 , or highly selected T3 lesions, except for the endoscopic approach used 
by Steiner and others.[135] The more radical operations typically require extensive reconstruction of the alimentary tract. The options and the algorithm for deciding on a specific reconstruction are discussed later in this chapter.

Partial Pharyngectomy

Partial pharyngectomy is considered when tumors are staged as T1 or T2 and are limited to the posterior or the lateral wall of the pyriform sinus. Contraindications to this technique include extension of the tumor to more than one wall of the 
pyriform, extension to the pyriform apex, and involvement of the larynx in any

1907

 
TABLE 82-3 -- SURGICAL OPTIONS

Procedure T Stage Reconstruction

Partial pharyngectomy T1 , T2 Primary closure

Partial laryngopharyngectomy T1 , T2 , T3 Regional or free flap

Supracricoid hemilaryngectomy T1 , T2 , T3 Primary closure

Endoscopic CO2 laser resection T1 , T2 (possible T3 , T4 ) Secondary intention

Total laryngectomy with partial-total pharyngectomy T3 , T4 Primary closure vs regional or free flap

Total pharyngolaryngoesophagectomy T4 Gastric pull-up

 
fashion. Four surgical approaches can be taken to approach these lesions to perform a partial pharyngectomy.



The first technique is a standard lateral pharyngotomy and involves a collar incision that can be extended to address the cervical lymphatics. A neck dissection is first performed if indicated for the lesion. A tracheotomy is a standard part of 
the operation as significant pharyngeal edema may compromise the airway postoperatively. After this, the carotid sheath and its contents are identified and gently dissected away from the posterior thyroid ala. This maneuver exposes the 
inferior constrictor muscle and the superior thyroid neurovascular pedicle. Transection of the inferior constrictor muscle identifies the pyriform sinus mucosa, which is then sharply divided, ideally at a resection margin, to enter the 
hypopharynx. The tumor in the posterior or lateral wall is then extirpated. After tumor removal, the defect is examined and a reconstruction plan is devised. If adequate mucosa is present, a two-layer primary closure can be performed. 
However, a skin graft or flap patch may be needed, as described later in this chapter.

A tumor that more extensively involves the lateral hypopharyngeal wall needs to be addressed by wider margin. This can be accomplished with a lateral transthyroid pharyngotomy ( Figure 82-5 ) by a wider resection that involves the 
posterior portions of the thyroid cartilage and the hyoid bone.[26] In this variation, instead of approaching the tumor through the pyriform, an entry through the vallecula is chosen. Once the neck dissection is completed, a medial and inferiorly 
based perichondrial flap is elevated off the thyroid cartilage. The hyoid bone is exposed from lesser cornu extending laterally. The hyoid bone is then cut through the lesser cornu and cartilage cuts are made in a vertical fashion at the junction 
of the anterior two-thirds and posterior one-third of the thyroid cartilage. The hypopharynx is then visualized by entering through the vallecula. A blunt retractor is placed into the vallecula facilitates entry. The incision is then carried laterally 
and inferiorly through the cartilage cuts. As these cuts are made, visualization through the initial incision ensures a safe margin around the tumor. The lesion is reflected laterally and the other required circumferential cuts are completed. 
Frozen sections for control of the margins are obtained. Reapproximation of the mucosa and suturing the peri-chondral flap as a second layer closes the defect.

With both these approaches, complications include pharyngocutaneous fistula with wound breakdown and dysphagia. Fistula problems are addressed by attempting to decrease or divert salivary contamination, meticulous wound care, and the 
possibility of secondary flap closure. A cricopharyngeal myotomy performed intra-operatively is one prophylactic measure to address possible dysphagia, although one study has shown no benefit of this maneuver in head and neck cancer 
patients.[63] 

The anterior transhyoid pharyngotomy ( Figure 82-6a and Figure 82-6b ) is another approach for lesions that primarily involve the posterior pharyngeal wall. Thus, T1 or T2 lesions are good candidates for this approach. A tracheotomy is first 
performed. Again, a collar incision is used to identify the hyoid bone. The hyoid may be resected or the approach may be above or below the hyoid. The vallecula is identified and sharp dissection through this mucosa with subsequent tongue 
base retraction provides access to the posterior hypopharyngeal wall. The tumor is removed with the prevertebral fascia as the deep margin. After all margins are assessed by frozen section, a split thickness skin graft can be used to cover the 
defect. The wound is closed by reapproximation of the vallecular mucosa. The primary limitation to this procedure is the limited visualization of the full hypopharynx. Thus, choosing the appropriate tumor for this approach is critical. 
Complications of this approach include pharyngocutaneous fistula and dysphagia.

The median labiomandibular glossotomy can be used to treat limited T1 and T2 lesions of the posterior hypopharyngeal wall. The procedure utilizes a mandible
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Figure 82-5 Partial pharyngectomy via the lateral pharyngotomy. A, Area removed, including the posterolateral hypopharyngeal wall and a portion of the thyroid ala. B, Dotted lines show cuts on the thyroid cartilage, hyoid, and vallecula. 
C, After entry into the hypopharynx, the specimen is reflected laterally and final cuts are made. D, Defect following excision of the posterolateral hypopharyngeal tumor. 



 

Figure 82-6a A, The anterior transhyoid approach is begun by transecting the musculature above (as shown) or below the hyoid bone. B, After removal of the hyoid, the vallecular incision is made to enter the pharynx. C, Inferior retraction 
of the pharynx and superior retraction of the base of the tongue exposes the posterior pharyngeal wall tumor. 

 

Figure 82-6b D, E, The tumor resection margin and defect are shown. F, A skin graft is sutured to the posterior pharyngeal wall. 



 

Figure 82-7a A, The resection margin after a partial laryngopharyngectomy for a medial pyriform tumor is shown in the superior view. B, This view demonstrates the bone and cartilage cuts for a partial laryngopharyngectomy. 

 

Figure 82-7b C, The completed resection of the medial pyriform tumor is shown. The epiglottis may be divided (as described in the text) or removed completely as shown here. D, With resection of the arytenoid, the ipsilateral true vocal 
cord must be sutured in the midline to the cricoid to prevent aspiration. The laryngeal mucosa is reapproximated as much as possible as shown. 



 

Figure 82-8 A, Rolling of the pectoralis major mucocutaneous flap to reconstruct the hypopharynx. The lower anastomosis should be carefully performed to reduce the likelihood of stricture. B, In this pectoralis major mucocutaneous flap, 
an 8-cm × 10-cm skin paddle is outlined and raised on the long axis of the pectoral branch of the thoracoacromial artery. C, Outline of the skin paddle over the pectoralis major for hypopharyngeal reconstruction. When soft tissue is 
excessive, a split-thickness skin graft can be applied directly to the muscle to reduce the bulk of the flap. 

 



Figure 82-9 A, Gastric transposition. The stomach is passed through the posterior mediastinum. Pyloromyotomy enhances food passage. A jejunostomy will be used for decompression and for temporary feeding. Jejunostomy may be 
retained when postoperative radiation is planned. B, The advantage of the gastric pull-up procedure is no anastomosis within the abdomen or mediastinum. The single anastomosis occurs near the thoracic inlet. Ligation of the short gastric 
vessels and left gastric artery permits rotation of the greater curvature of the stomach upward through the funnel created at the time of resection of the esophagus. The stomach is placed in a plastic bag, which allows gentle passage through 
the posterior mediastinum to the neck. 

 

Figure 82-10 A, Free jejunal segment reconstruction. The mesenteric artery is anastomosed to the superior thyroid or external carotid artery. Vein anastomosis to the facial thyroid or end-to-side to the jugular vein is another option. 
Preservation of a jugular vein is required. Vein is anastomosed to the superior thyroid (facial). B, A segment of jejunum is isolated with complete arcade and an adequate length of the mesenteric artery and vein. 



 

TABLE 82-4 -- SURGICAL STUDIES SUMMARY

Author Year Patients Disease Burden * Survival (5 yr) Technique † EBM Grade # 

Laccourreye[73] 1993 •34 All T2 55.8% SCHLP +C +/- RT C

Steiner[135] 2001 129 T1 = 24, T2 = 74, T3 = 17, T4 = 14 Stage I/II = 71% and Stage III/IV = 47% CO2 +/- RT C

Rudert and Hoft[118] 2003 •29 T1 /T2 = 27, T3 = 1, T4 = 1 Stage I/II = 78% and Stage III/IV = 35% CO2 +/- RT C

El-Badawi[31] 1982 328 T1 = 22, T2 = 49, T3 = 156, T4 = 191 S = 25% S + RT = 40% Surg or Surg/RT C

Vandenbrouck[143] 1987 199 T1 = 27, T2 = 6, T3 = 156, T4 = 10 33% Surg or Surg/RT C

Kraus[70] 1997 132 Advanced = 78% Overall = 30% Disease specific = 41% Surg +/- RT C

Elias[33] 1995 101 Stage II = 23, Stage III = 30, Stage IV = 48 Overall = 27% Disease specific = 37% RT, Surg, or Surg/RT C

Spector[131] 1995 408 1 wall, 2 wall, 3 wall (med) = 63% 1 wall (lat) = 73% 1 wall 2/3 wall = 49% Surg +/- RT (preop or postop) C

Harrison and Thompson[52] 1986 101 Advanced 58% actuarial PLE/pull-up C

Wei[151] 1998 317 total, 69 (1986–1996) Advanced 24.5% actuarial PLE/pull-up C

Triboulet[138] 2001 209 Advanced 24% actuarial PLE/pull-up C
*Disease burden was determined as described by the authors. Comparisons across studies are not possible as various AJCC criteria were used. 
†Abbreviations are as follows: Surg, surgery; RT, radiation therapy; SCHLP +C, supracricoid hemi-laryngopharyngectomy with chemotherapy; CO2 , carbon dioxide laser; PLE/pull-up, total pharyngolaryngoesophagectomy with gastric pull-up reconstruction. 
#EBM grade (evidence-based medicine grade) based on the definitions from the Center for Evidence Based Medicine (as described in Sackett et al., Evidence-Based Medicine: How to Practice and Teach EBM, 2000). All studies are Grade C because they are retrospective reviews without internal control groups. 



 
 
 
several confounding factors cautioning against direct comparisons with other methods is the routine use of preoperative chemotherapy. It is unclear whether this treatment predisposed patients to the various complications described. In 
addition, the chemotherapy itself was given in three different regimens.

Steiner and others have been strong proponents of the CO2 laser endoscopic approach to excision of tumors of pharyngeal, supraglottic, glottic, and hypopharyngeal origin. The postoperative course and survival data of their group of patients 
is impressive and will be briefly reviewed.[135] Between 1981 and 1996, 129 cases of hypopharyngeal cancer underwent endoscopic excision and can be subdivided as follows: pT1:24, pT2:74, pT3:17, and pT4:14. Of these patients, 68% were 
node positive and 75% were stage III/IV. Surgery as sole modality was used in 42% of patients and the remainder had surgery followed by radiation. The overall survival was 71% and 47% for stages I/II and III/IV, respectively. These data 
compare favorably with outcomes using conventional treatment of these tumors. The most impressive aspect of this technique, however, is the perioperative management. Only 5 of 129 cases underwent tracheotomy during surgery and one 
required tracheotomy postoperatively because of hemorrhage. On the first postoperative day, 35 patients were taking an oral diet, and all but two patients eventually achieved oral feeding. Only one patient developed a hypopharyngeal 
stenosis and was dependent on gastrostomy tube feeding. Thus, although technically challenging, this procedure appears to be oncologically sound and has the significant added advantage of no tracheotomy, no reconstruction, voice 
preservation, and a quick return to an oral diet. For advanced stage tumors, a definition of the inferior extent of the tumor is required as
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extension into the cervical esophagus would clearly limit the ability of the endoscopic surgeon.

Rudert and Hoft[118] described their experience using the endoscopic approach in the management of 29 patients with hypopharyngeal carcinoma. Except for two patients (one T3 and one T4 ), the remaining 27 patients had T1 and T2 tumors. Of 
these patients, nine were stage I/II and 20 were stage III/IV. No patients underwent tracheotomy at operation; however, the authors do not report on whether any required it in the postoperative period. Functionally, no surviving patients had 
speech or swallowing problems at 5-year follow-up. The 5-year survival for stage I/II was 78% and 35% for stage III/IV. As expected, node status was a significant predictor of outcome with N0 patients having 74% and node positive patients 
having 34% overall survival. Locoregional recurrences occurred in 8 of 29 (27.6%) patients each. Of interest, 7 of 8 of the local recurrences occurred below an arbitrary line drawn at the interarytenoid line. Distant metastases and second 
primaries occurred in 8 of 29 (27.6%) and 12 of 29 (41%) patients, respectively. These authors found the best local control with tumors of the pharyngeal walls. Again, the outcomes of this technique need broader evaluation but deserve 
closer attention because of the apparent superior functional outcome and because of our patients' demands of more minimally invasive techniques to handle even advanced cancers.

Advanced Laryngopharyngeal Cancer

Multiple groups have published their retrospective series of patients treated with partial laryngopharyngectomy, total laryngopharyngectomy, or laryngopharyngoesophagectomy. In this section we review a select set of the series with large 
groups of patients with adequate follow-up.

El Badawi and others[30] reported the M.D. Anderson experience in treating squamous cell carcinoma of the pyriform sinus between 1949 and 1976. An evolution in techniques affected the specific procedures used to treat patients, but the 
majority of lesions were treated with surgery and postoperative radiation. This factor clearly affects the analysis of the outcomes data. The major subdivisions in the treatment groups were between those patients who underwent surgery alone 
(203) and those who underwent surgery and planned postoperative radiation (125). Each group had approximately equivalent numbers of patients in each T category, but the nodal status was not described for each individual group. 
Locoregional control was superior in the combined therapy group (39% vs 11% in the surgery-only group). The 5-year survival (not adjusted for any other factors) was 25% for the surgery-only group and 40% for the combined therapy 
group. Thus, as opposed to the studies by Pingree and others[110] and Hoffman and others,[58] El Badawi and others found that combined therapy was superior to surgery alone.

Vandenbrouck and others[143] described the Institut Gustave-Roussy's experience with radical surgery followed by radiotherapy in 181 cases between 1968 and 1978. The overall 5-year survival in these patients was 39% and was not broken 
down by further staging or node status. Consistent with all other head and neck sites, node positivity and extracapsular spread resulted in poorer outcome. The distant metastatic rate was 27.6% and was the most common cause of failure.

Kraus and others described the Memorial Sloan-Kettering experience [70] in the management of 132 patients with hypopharyngeal squamous cell carcinoma. Of these patients, most (78%) had advanced disease; however, none had distant 
metastasis at presentation. These patients were all treated by surgery and 80% then received postoperative radiation. Radiation in 76 of 106 patients was given at various outside institutions because of logistical considerations, which may be 
one variable in understanding the outcomes. Surgery consisted of partial laryngopharyngectomy, total laryngectomy with partial pharyngectomy, or total laryngopharyngectomy. The 5-year overall survival was 30%, and disease-specific 
survival was 41%. Although T stage was not significant in outcome, the following factors were all significant: N0 /N1 was better than N2 /N3 , stages I/II/III did better than stage IV, patients who underwent laryngectomy did worse than those 
who did not, and positive margins portended a poor prognosis.

Elias and others[31] reported their analysis of 101 patients with pyriform sinus cancer. During a 20-year period, treatment evolved from radiation as primary therapy to surgery with postoperative radiation therapy. They reported a 5-year 
overall survival of 27% and a 5-year disease-free survival of 37%. Survival correlated with stage of the cancer, and disease-free survival was significantly better in the combined surgery and radiation group.

Spector and others[29] reported a 30-year experience from our institution on 408 patients with pyriform sinus cancers. These patients were treated with a heterogeneous group of modalities: 95 patients were treated with a single modality (either 
radiation or surgery) and 302 were treated with preoperative radiation then surgery or surgery followed by postoperative radiation. Survival was described by grouping these lesions into specific anatomic locations in the hypopharynx. At the 
5-year follow-up, survival for 1-wall lesions was 73%, medial-wall lesions was 63%, and 2- or 3-wall lesions was 49%. Distant metastasis and second primary tumors occurred in 17.7% and 6.2% of patients, respectively. Interpretation of 
these
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data is complicated by the fact that there was such a diversity in therapeutic modalities. The broad experience at Washington University does, however, give an overview of survival rates in these patients.

Harrison and Thompson[52] reported on their series of 101 patients who underwent total pharyngolaryngectomy and esophagectomy between 1965 and 1983. There was an 11% mortality rate and a 33% morbidity rate. The morbidities included 
15 patients with pneumonia and two with abdominal dehiscence. Actuarial survival of 58% was achieved at a 5-year follow-up. Second primaries or distant metastasis accounted for 18 of 101 (15%) patient deaths. Harrison and Thompson 



clearly acknowledged the contribution of comorbidities in these patients as they stated, "In comparing the relative success of the various operations . . . one must consider not only the intrinsic risks of the actual procedure but the age and 
general condition of the patients."

Triboulet and others[138] performed a retrospective review of 209 patients treated between 1982 and 1999 who underwent total laryngopharyngectomy that, in some cases, included a cervical or total esophagectomy followed by reconstruction 
with either jejunal free flap (77 patients), gastric pull-up (127), or pharyngocolic anastomosis (5). Nearly all of these patients presented at an advanced stage or had multiple small tumors distributed between the hypopharynx and cervical 
esophagus thus requiring a more radical operation. Of these patients, 42 were failures of preoperative treatment consisting of chemotherapy, radiation, or the combination. At 3- and 5-year follow-up, the overall actuarial survival rates were 
32% and 24%, respectively. Survival was unrelated to the reconstruction technique used but negative factors included positive margins, advanced primary tumor in the cervical esophagus, and not receiving postoperative radiation therapy. 
The mortality rate was 4.8% and the morbidity rate was 38.3%. Of interest, patients who underwent free jejunal transfer had more complications, including flap necrosis and fistulae, leading to delayed feeding. Thus, these authors favor 
gastric pull-up over jejunum for reconstruction of the alimentary tube.

The group of William Wei at the University of Hong Kong has described its extensive experience in managing these difficult tumors.[54] [151] Wei and others analyzed outcomes of 317 patients treated at the University of Hong Kong between 
1966 and 1995.[151] The goal of the group's 1998 study was to compare a set of 69 patients undergoing operations between 1986 and 1995 with earlier sets that had been treated. Wei and others wanted to evaluate changes in survival and 
morbidity and mortality of treatments. These authors exclusively used a total laryngopharyngectomy and esophagectomy for advanced tumors of the hypopharynx and cervical esophagus. In their earlier experience, this operation was also 
applied to advanced tumors of the larynx but was not used for these tumors between 1986 and 1995. The hospital mortality for this operation declined from 31% to 9% during 3 decades. The 5-year actuarial survival rate improved from 18% 
in the 1970s to 24.5% for the subset of patients from 1986 to 1995.

Data on the outcomes of cervical esophageal cancer are more limited because of the lack of experience at most centers and because of clustering of these lesions with the esophagus as a whole.

Laterza and others[74] reported their 20-year experience with the surgical management of carcinoma involving the cervical esophagus. Of 167 patients, 37 had primary cervical esophageal involvement with the others extending superiorly to 
involve the hypopharynx or inferiorly to involve the thoracic esophagus. The overall 5-year survival rate was only 16.6%, with a mortality rate of 8.8%. Kelley and others[67] examined the management of 67 patients seen at the Memorial 
Sloan-Kettering Cancer Center between 1980 and 1993. A diverse set of protocols was used to manage these patients. Of these, 22 patients were treated with surgery with curative intent and other subsets were treated with radiation or 
chemotherapy in various combinations. Survival was poor in all groups (mean survival for entire group was 17 months and cumulative 5-year survival was 12%); however, the surgery group had the best outcome. It is difficult in this study to 
compare specific treatments because of the heterogeneity in therapy and the small numbers. However, Kelley and others concluded that surgical therapy provided the best outcome.

The Role of Chemotherapy

Chemotherapy regimens for advanced unresectable head and neck cancers were begun in the 1970s. In the 1980s it was described that cisplatin and 5-fluorouracil were able to produce a significant number of partial and complete responders.
[149] These data were augmented by the interesting description of Ensley and others[33] that chemosensitivity was a predictor of radiosensitivity. Others confirmed these data and subsequently the concept of induction chemotherapy followed by 
radiation for organ preservation became generally accepted. This led to the landmark Veterans Affairs study on laryngeal preservation.[61] For operable hypopharyngeal cancers, we discuss two studies that detail the use of induction 
chemotherapy for laryngeal preservation. Jean Louis Lefebvre discusses chemotherapy more extensively in Chapter 83 .

Clayman and others[24] described a retrospective analysis of 55 patients with stage III/IV laryngeal
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(26 patients) and hypopharyngeal (29 patients) carcinoma that were treated between 1986 and 1991. A subset of these patients was described in an earlier study from this same group.[128] Patients received cisplatin, 5-fluorouracil with or 
without bleomycin and after two cycles were evaluated for response. Surgical salvage was performed on non responders and the responders received an additional round of chemotherapy followed by definitive radiation. Historical controls 
that underwent combined surgery and radiation were used for comparison. For the hypopharyngeal cancer group, there was no overall significant difference in survival between the chemotherapy-radiation group vs the control. The larynx 
was preserved in 20 of 29 patients and the 2-year survival of this group (48%) was not significantly different than the control (62%). The nine patients who underwent salvage laryngectomy also had no difference in survival compared with 
the control group. The control group did significantly better in terms of local control compared with the larynx preservation group. Of interest, although the distant metastases were higher in the controls, this did not reach statistical 
significance. Although no functional data on speech and swallowing were presented, Clayman and others[23] mentions, "long-term swallowing problems were common among those patients with pyriform sinus primaries."

LeFebvre and others[80] presented the results of a phase III prospective randomized larynx preservation trial for hypopharyngeal carcinoma performed by the European Organization for Research and Treatment of Cancer (EORTC). Patients 
whose tumors were located in the pyriform sinus or on the hypopharyngeal aspect of the aryepiglottic fold who would normally be offered total laryngectomy with partial pharyngectomy and neck dissection were identified. They were then 
randomized to surgery (94 patients) or chemotherapy (100 patients). Patients in the surgery arm had conventional surgery followed by radiation. Patients in the chemotherapy arm received cisplatin and 5-fluorouracil and only those patients 
who were complete responders (CR) after two to three cycles went on to definitive radiation. There were 52 CRs, of which the majority were T2 s (18 of 22), some were T3 s (34 of 71), and none were T4 s. Comparing the chemotherapy arm 
vs the surgery arm, overall survival at 3 years was 57% vs 43% and disease-free survival was 43% vs 31%, respectively, which by statistical analysis demonstrated survival equivalence for both arms. In this study, in contrast to the findings 
of Clayman and others,[24] a statistically significant time to distant metastasis (27% vs 40% failure at 3 years) favoring the induction chemotherapy arm was demonstrated. Laryngeal preservation was estimated at 42% and thus, this trial 
clearly demonstrated that larynx preservation is possible without compromising survival. No functional data were presented on speech or swallowing function between these two groups. Thus, both the M.D. Anderson and EORTC studies 
show that organ preservation is possible in hypopharyngeal cancers, but care must be taken in selecting the appropriate patients and in the performance of these protocols.

The question of whether there is an added benefit of chemotherapy in the treatment of all head and neck squamous cell carcinomas is unclear, although multiple trials have utilized chemotherapy as an induction agent or in concomitant-
alternating radiochemotherapy regimens. A large meta-analysis was conducted by the Meta-analysis of Chemotherapy on Head and Neck Cancer (MACH-NC) collaborative group to address this question.[110] This study demonstrated two 
important conclusions. First, that chemotherapy had a small but statistically significant advantage for overall survival in head and neck cancer patients. This positive survival benefit was primarily a result of the contribution of concomitant 
chemoradiation protocols. Therefore, the use of chemotherapy in adjuvant or neoadjuvant settings is still debatable and needs to be addressed with more trials. Second, there was a nonsignificant negative effect of chemotherapy in larynx 
preservation trials where a 6% reduced survival was noted at 5 years (decrease from 45% to 39%). The hazard ratio for hypopharyngeal carcinoma, however, was beneficial. Given these types of differences, it is apparent that more studies 
are required.

Concurrent Chemoradiotherapy



In the meta-analysis reported by Pignon and others,[110] a significant benefit of concomitant chemoradiation was observed; however, a significant confounding factor was the heterogeneity between the trials. Multiple phase III trials have 
attempted to utilize concomitant chemoradiation in the treatment of locally advanced head and neck cancers.[2] [141] Typically the hypopharyngeal and cervical esophageal cancers have been grouped with other sub sites.[1] [13] For example Brizel 
and others[13] performed a prospective, randomized trial of hyperfractionated radiation without or with concomitant chemotherapy. Hypopharyngeal cancers represented 20% of the total study population. This study demonstrated that better 
survival was achieved with combined treatment over hyperfractionation alone.

Burmeister and others[15] reported results of a series of 34 patients with cervical esophageal carcinoma who were treated with chemoradiation. Based on results of chemoradiation in all esophageal cancers, this group treated 4 stage I, 20 stage 
IIA, 7 stage IIB, and 3 stage III patients with radiation and concomitant
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chemotherapy. The chemotherapy varied over the course of the study, with the age of the patient and with the patient's renal function. All patients received concomitant fluorouracil and cisplatin, and elderly patients with renal abnormalities 
received fluorouracil alone. Follow up was for a mean of 55 months (range 34 to 82 months) and the overall projected 5-year actuarial survival was 55%. As expected, the stage III patients had the worst prognosis. These results appear to be 
superior to those described using primary surgical or radiation therapy and thus Burmeister and others suggest that chemoradiation should be the standard therapy for cervical esophageal cancer. However, it is important to note that 91% of 
these patients had a complete response to chemotherapy. In studies of hypopharyngeal cancer treated with chemotherapy, complete responses are in the range of 30% to 66%.[80] [82] [142] The majority of these patients were stage I/II, which 
potentially biases these results. Finally, the morbidity and mortality of these patients was high: two patients died as a result of treatment, one died because of hemorrhage after dilation of a stricture, and one died after developing a 
tracheoesophageal fistula. Significant side effect such as myelosuppression, esophagitis, skin reactions, and strictures were also observed. Thus, determining the correct therapy, whether aggressive surgery or chemoradiation, will require a 
prospective trial matching appropriately staged patients.

Quality-of-Life Studies

Although survival is a critical measure of the success of therapy for all head and neck cancers, the patient's perception of his or her quality of life (QOL) after therapy is also an important measure. As chemotherapy, radiation, and 
reconstructive options have advanced the management of these diseases, the question of patient perception of their lives posttreatment is one that is addressed by QOL studies. Ringash and Bezjak review several validated measurement tools 
for the evaluation of quality of life.[116] Studies limited to QOL in patients with hypopharyngeal or cervical esophageal carcinomas are not available. However, several studies have reported QOL in patients with advanced head and neck 
cancers of which subsets include hypopharyngeal carcinomas.[84] [103] [114] The major limitation in these studies is the patient numbers, which impede extrapolation. For example, in a large prospective evaluation of all sites for QOL, Weymuller 
and others[154] had 14 patients pretreatment and four posttreatment with primaries in the hypopharynx. They concluded that it is difficult to perform these types of studies from a single institution as statistical significance cannot be reached 
based on limited numbers and because there is selection bias.[153] [154] 

Studies on QOL in laryngeal cancer patients treated with organ-sparing protocols yielded results that may be applicable to hypopharyngeal cancer patients. Terrell, Fisher, and Wolf[136] evaluated QOL in surviving patients from the Veterans 
Affairs Laryngeal Cancer Study. Four different measures were used to examine patients from the surgery-radiation group or the chemotherapy-radiation group. The differences identified include better scores for the chemoradiation group in 
the bodily pain scores and in the mental health domain. All other scores were equivalent. Surprisingly, comparing speech domain scores in patients who underwent laryngectomy vs those with intact larynges demonstrated no significant 
differences. Deleyiannis and others[27] and Weymuller and others [151] confirmed these data and reported that the functional limitation imposed by a laryngectomy did not affect overall quality of life. Thus, although organ-sparing protocols may 
appear intuitively to be superior in terms of patient QOL, these data indicate that overall QOL may not affected by laryngectomy.

Although the frequency of QOL studies increased early in the millennium, reflecting an acknowledgment of the importance of this component of postmanagement patient care, no broad studies have emerged specifically dealing with 
hypopharyngeal or cervical esophageal carcinoma. Incorporating QOL instruments in future prospective trials in patients either treated with conventional therapy or organ-preservation therapy is needed.

SUMMARY

This chapter summarizes the complexities in the management of patients who have hypopharyngeal and cervical esophageal neoplasms. Clearly, the survival of these patients is poor compared with all other sites in the head and neck. 
However, with advances in reconstructive techniques and organ-preservation protocols, improved options are available for patients. Ultimately, prospective, multiinstitutional trials are needed to delineate the "best" therapy for individual 
patients. Progress in outcomes research will continue to add data on tumor staging and yield a better understanding of QOL and survival figures. These studies in combination with novel molecular approaches for treating head and neck 
malignancies will ultimately improve on the current poor prognosis of patients with hypopharyngeal and cervical esophageal malignancies.
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Chapter 83 - RADIOTHERAPY AND CHEMOTHERAPY OF SQUAMOUS CELL CARCINOMAS OF THE HYPOPHARYNX AND ESOPHAGUS



Jean-Louis Lefebvre 
Antoine Adenis 

INTRODUCTION

The treatment of squamous cell carcinomas of hypopharyngeal and esophageal malignancies is a real challenge. These tumors are most often diagnosed at advanced stages, in rather debilitated patients, have high locoregional aggressiveness, 
as well as a high metastatic propensity. Treatment planning must take into account both the locoregional extension and the frequent comorbid illnesses and is too often considered with palliative intent. Surgery with postoperative irradiation 
has been for a long time the only one treatment performed with curative intent. This surgery was in the vast majority of the cases rather devolutive and had, in particular for esophageal cancer, a notable morbidity. The development of the use 
of a combination of irradiation and chemotherapy has somewhat modified these therapeutic approaches. If globally, the outcome in terms of disease control and survival has not been tremendously improved, the organ preserving strategies 
have allowed, in selected cases, to improve the quality of life without jeopardizing survival. A multidisciplinary decision making approach that includes the surgeon, the medical oncologist, the radiation therapist, as well as the imaging 
specialist and the general practitioner is mandatory to better treat these patients.

HYPOPHARYNX CANCERS

Background

The hypopharynx is most certainly the worst primary site when considering the different cancers of the upper aerodigestive tract. This was clearly seen in two studies from Centre Oscar Lambret.

The first study was a prospective epidemiological analysis carried out on 339 new successive hypopharynx patients. This population consisted of 329 males (97%) with a mean age of 57 years and 10 females (3%) with a mean age of 55 
years. Of the patients, 114 (34%) lived alone at time of diagnosis. Only 95 patients (28%) were employed, 38% were retired, 20% were disabled, 13% were unemployed, 1% (all females) had never had any occupation. Of the patients, 330 
(97%) acknowledged they had both used tobacco and abused alcohol. The mean life-long consumption of tobacco was 317 km of tobacco smoked before diagnosis, ranging between 13 and 998 km. The mean life-long consumption of 
alcohol was as high as 1654 km of equivalent of pure ethanol, ranging between 55 and 6074 km. Such impressive data explained why more than half the patients presented with comorbid illnesses.

The second study was a retrospective review of the clinical charts of 652 new successive hypopharynx patients. Again, 97% of patients were males. All tumors were squamous cell carcinomas. Of the patients, 346 had at least one comorbid 
illness (e.g., liver cirrhosis in 11% of the patients). Stage I included only 4% of the cases, with a similar figure (3%) for stage II, while stages III and IV made up 40% and 53%, respectively. Metastatic cervical lymph nodes were found either 
on palpation or on the computed tomography (CT) scan in 78% of patients.

Conventional Treatment Modalities

Surgery, combined with postoperative irradiation, and definitive irradiation (with surgery in reserve for salvage in case of local failure) have long been the only two options for treatment of hypopharyngeal cancers. As for larynx cancers, no 
randomized comparison of both approaches has been carried out. Comparison of these two approaches is particularly inappropriate for hypopharynx cancers. As most of the patients present with locoregionally advanced diseases and notable 
comorbidities, surgical series are assessed on the basis of selected cases (resectable diseases in operable patients); however, radiotherapeutic

1933

series include cases that are expected to conclude with much more unfavorable results.

Early Diseases

Partial surgery of the hypopharynx has been proposed for early diseases. This surgery may consist of partial lateral or posterior hypopharyngectomy or of supraglottic hemi laryngopharyngectomy. The indication of such a surgery is very 
rare, as it requires a thorough assessment of patients' local extension and performance status. When indicated, this surgery is given a local control as high as 90%.[20] [49] Laser CO2 surgery has also been advocated with similar results.[74] This 
surgery may generate laryngopharyngeal dyssynergia with frequent aspirations in particular when postoperative irradiation is delivered or when a cricoid resection has been necessary. Adjuvant irradiation is most often required because of 
the risk of submucosal spread and the frequent nodal involvement. The reported 5-year survival rates range around 50%.

Definitive radiation therapy has also been proposed and several series have shown similar results, with probably slightly better functional results, [13] [26] [61] but, in case of failure in about all resectable local recurrences, salvage surgery resulted 
in a total laryngectomy.

No straightforward rule exists for selection of either partial surgery or irradiation. In general radiation is proposed for exophytic tumors located in the "membranous part" of the hypopharynx (i.e., behind the thyrohyoid membrane). For more 
infiltrating tumors and tumors located in the "cartilaginous part" of the hypopharynx (i.e., behind the thyroid ala), surgery is the preferable treatment. When irradiation is proposed, a radical neck dissection followed by radiotherapy to the 
primary tumor and to the neck seemed to improve the outcome in case of T1 T2 with enlarged metastatic lymph nodes.[32] 

Advanced Diseases

The majority of hypopharynx cancers, when resectable, are only able to endure a total laryngectomy with a partial pharyngectomy associated to a radical neck dissection. Postoperative irradiation improves the results of surgery. [31] This 
surgery is obviously mutilating since it removes the entire voice box; however, it is able to control 85% of the patients above the clavicles.[53] [55] [78] Despite this advantageous local control rate, the 5-year survival rate does not exceed 35%, most 
of deaths being attributed to distant metastases, intercurrent diseases, or, to a lesser extent, second primary tumors. All previously untreated patients must receive postoperative irradiation to the surgical bed and both sides of the neck. 
Comparison between preoperative and postoperative irradiation showed that the postoperative results were superior. [79] 



Conventional irradiation is often given poor results in T3 and T4 diseases both in terms of local control and survival far under the locoregional control rates seen after surgery and postoperative irradiation. [13] [26] [42] 

New Modalities

For a long time, chemotherapy was used primarily for palliative purposes because of its poor outcomes in the treatment of cancer of the head and neck. A new era in the management of cancer of the head and neck was initiated in the early 
1980s with the introduction of platinum-based chemotherapeutic regimens. Actually, clinical studies using cisplatin as a single agent or more often in combination with other drugs have demonstrated partial response rates of 40% to 50%, 
and complete response rates of 26% to 50%, for an overall response rate ranging between 78% and 94%.[37] [40] In the early 1990s, it appeared obvious that this approach had not provided any improvement in survival benefit for most patients. 
This was clearly demonstrated by the major meta-analysis carried out at the Institute Gustave Roussy (MACH-NC analysis)[65] including more than 10,000 patients enrolled in randomized trials comparing conventional treatment to the same 
treatment with chemotherapy (either adjuvant or induction or concomitant chemotherapy). The conclusion of this meta-analysis was that adjuvant chemotherapy, as well as induction chemotherapy (4%), produced an insignificant increase in 
survival (1%). On the contrary, concomitant chemoradiotherapy resulted in a significant increase in survival to 8%, but this group had a mixture of definitive and postoperative radiation trials. However, additional trials of chemoradiation as 
the first line of treatment, which were published after this meta-analysis, confirmed the trend toward an improved outcome.[1] [19] [84] It must be underscored that these trials did not address hypopharynx cancers specifically. As a result, 
chemoradiation remains an important treatment that is still under evaluation.

Radiation therapy has also been subject to intensive clinical research, in particular regard to fractionation and overall treatment time (discussed later in this chapter).

Chemotherapy to Improve the Outcome After Total Laryngectomy

In an attempt to improve the results of radical surgery with postoperative irradiation, chemotherapy has been evaluated. In 1990, the EORTC Head and Neck Group reported a randomized trial[43] comparing this approach and the same 
treatment preceded by one course of vincristine with bleomycin and methotrexate. No difference was shown for locoregional control, distant metastases, and metachronous cancers. In 1996,
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the Institute Gustave Roussy[59] reported on perioperative chemotherapy in which patients received three cycles of cisplatin-5-fluorouracil before surgery and two additional cycles between surgery and postoperative irradiation without any 
improvement in outcome when compared with historical controls without chemotherapy.

A French trial[14] assessed the role of induction chemotherapy consisting of three cycles of the conventional regimen cisplatinum-5-fluorouracil. In one arm, this chemotherapy was followed—whatever the response to chemotherapy—by a 
total laryngectomy with a radical neck dissection and postoperative irradiation. The other arm consisted of the same chemotherapy protocol followed again—whatever the response—by definitive irradiation, keeping the surgery in reserve for 
salvage. The aim of this trial was to evaluate a larynx preservation approach and will be discussed later in this chapter, but the "surgical" arm may be analyzed separately in regard to the impact of chemotherapy. In this arm, the 5-year 
survival was 37%, which is very common data found in all published surgical series without chemotherapy. That induction chemotherapy has not tremendously improved survival has been often underscored, whatever the primary site.

Another way to try to improve the results of radiosurgical protocols is to deliver postoperative concurrent chemotherapy and irradiation[12] [35] [82] [83] in high-risk patients (e.g., positive margins, extracapsular spread, multiple nodal involvement, 
perineural invasion). One of these situations is often encountered after hypopharynx resection. Two recent randomized trials (RTOG 95-01 and EORTC 22-981) have explored the same protocol consisting of conventional 70 Gy external 
beam irradiation with cisplatin on days 1, 22, and 43 at a dosage of 100 mg/m. Randomized or not, none of these studies have focused on hypopharynx cancer only.

The RTOG 95-01 trial[24] randomized patients with two or more positive lymph nodes or extracapsular spread or positive margins. This trial failed to find a significant difference. A trend appeared for a slight difference in 2-year estimates for 
locoregional control in the experimental arm (79% vs 74%, P = .16) and in 2-year estimates for overall survival (63% vs 57%, P = .51), while a borderline significant difference appeared for disease-free survival (54% vs 43%, P = .049). The 
EORTC 22-951 trial[16] included much more clinical situations (stage III and IV or two or more positive lymph nodes or extracapsular spread or positive margins or vascular embolisms or perineural invasion or positive lymph nodes in levels 4 
or 5). The interim analysis demonstrated a significant increase in 3-year estimates for disease-free survival (59% vs 41%, P = .0096), for overall survival (65% vs 49%, P = .0057), for time to progression (56% vs 44%, P = .0016), and for 
local control (83% vs 64%). Longer-term results and detailed comparison of both trials should help in the future in understanding this discrepancy.

Radiation Therapy

Altered fractionation has been explored in advanced head and neck cancers. The largest randomized trial was a 4-arm trial[33] carried out by the RTOG (RTOG 90-03) that compared (1) conventional irradiation with (2) a split course 
accelerated fractionation with (3) a delayed concomitant boost and with (4) a hyperfractionated irradiation. Previously untreated advanced head and neck carcinomas were eligible for this study. Of the 1073 patients enrolled in the study, 13% 
had hypopharyngeal cancers. Both hyperfractionated irradiation and concomitant boost showed significantly better locoregional control, disease-free survival, disease-specific survival, and overall survival, but also a higher rate of acute and, 
to a lesser extent, late toxicities. No data specifically studying the hypopharynx have been published.

Combined Chemotherapy and Irradiation for Larynx Preservation

Induction chemotherapy.

As discussed earlier in this chapter, induction chemotherapy using cisplatin and 5-fluorouracil provided impressive response rates. That chemosensitive tumors should also be radiosensitive was confirmed in a number of cases and suggested 
the ability of induction chemotherapy to predict radiosensitivity. This led some teams to use a scheme of induction chemotherapy as a selective test for two groups of patients: good responders are candidates for subsequent radiation therapy 
and poor responders are still candidates for subsequent surgery. The larynx has been the most investigated primary site for this new approach, most often in non-controlled trials using historical comparisons with surgical series.

Many published series * have assessed in a non-randomized fashion the reliability of induction chemotherapy-based protocols. They usually reported small series of cases mixing laryngeal, hypopharyngeal, and oropharyngeal tumors, or 
tumors amenable to partial surgery and to radical surgery. In addition, the concept of organ preservation or preservation of function was unclear. Finally, larynx preservation rates were presented under different forms: for the overall 
population at a precise follow-up time, in survivors at that time, or according to a median follow-up. All in all, larynx preservation could be achieved in one-third to one-half of patients according to the patient selection.

*References [21] [25] [39] [44] [46] [64] [71] [85] . 
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Only two randomized trials focused on cancer of the hypopharynx. The first trial was conducted by the EORTC[54] on cancer of the hypopharynx eligible for total laryngectomy with partial pharyngectomy. In this study, 202 patients were 
enrolled in which the standard treatment (surgery and postoperative radiation) was compared with two or three cycles of chemotherapy, followed in clinically complete responders at the primary site by irradiation, or, for other patients, by the 
conventional treatment. A notable difference appeared in the median survival, favoring the experimental arm (44 months) when compared with the surgery arm (25 months). This difference in median survival was only explained by the fact 
that distant metastases appeared later after chemotherapy, leading to a better survival at 3 years, which was not shown at 5 years. There was no significant difference in locoregional control nor in second primaries appearance. However, at 3 
and 5 years, half the survivors in the chemotherapy arm had retained their larynx.

The second trial[14] compared 92 patients with resectable cancer of the hypopharynx (only amenable to total laryngectomy-pharyngectomy) with the outcome of patients randomly assigned to receive induction chemotherapy. In one arm, 
chemotherapy was followed by surgery and postoperative radiation therapy. In the other arm, chemotherapy was followed by radiation, with surgery reserved for salvage. With a median follow-up of 92 months, researchers observed a better 
5-year survival (37%) and a better local control (63%) in the surgery arm when compared with the radiotherapy arm (19% and 39%, respectively). The comparison of this trial with the EORTC trial suggests that the cancer's sensitivity to 
chemotherapy must be taken into account before deciding a subsequent radiation therapy instead of surgery.

Concurrent chemoradiotherapy.

As discussed earlier in this chapter, there are promising data with concurrent chemoradiation. The questions are: (1) How many patients in daily community practice are able to undergo such toxic treatments? (2) What is the largest disease 
stage amenable to larynx preserving strategies? (Are clinically defined T4 or large necrotic lymph nodes acceptable?) (3) What are the most appropriate tools to detect as soon as possible residual diseases to be treated by salvage surgery? (4) 
What would be the postoperative morbidity of this salvage surgery? These concerns are of the utmost importance if the cancer is initially operable.

As far as cancer of the hypopharynx is concerned, it must be underscored that (1) this site is rarely studied separately; (2) in case of mixed sites, the hypopharynx represents just a few cases; (3) little is known about the selection of patients 
with cancer of the hypopharynx (detailed locoregional extension, performance status); (4) no information is provided about the possibilities of surgical salvage.

The only one randomized trial issuing larynx preservation with concurrent chemoradiotherapy that has been published is the RTOG 91-11 trial.[30] But it concerned only laryngeal sites. Preliminary results suggested that actually concurrent 
chemotherapy was able to significantly increase the rate of larynx preservation when compared with induction chemotherapy and with radiotherapy alone.

The next step will be certainly to mix both approaches with induction chemotherapy followed—in case of chemosensitivity—by concurrent chemoradiotherapy, the potential role of the adjunct of targeted therapies (e.g., EGFR, angiogenesis, 
cyclin D1) must also be taken into account.

ESOPHAGEAL CANCER

Localized Squamous Cell Carcinoma of the Esophagus

In most countries the standard of care for limited esophageal cancer (AJCC stage I and stage IIA with the exception of T3N0M0 tumors) is surgery alone; however, as many patients have recurrences, various multimodality regimens have 
been designed in an attempt to enhance surgical results. For patients who are not suitable candidates for surgery (T3N0M0 tumors, AJCC stage IIB and III) or who refuse it, the current standard of care is radiotherapy in conjunction with 
chemotherapy. However, as pretherapeutic staging is based on non-operative features (e.g., barium swallow, CT scan, ultrasound endoscopy, FDG PET) it is sometimes challenging to select a therapeutic option on the basis of pathologic 
AJCC criteria.

Postoperative Therapy

Nine randomized trials have examined the role of postoperative radiotherapy * or postoperative chemotherapy.[6] [7] [41] [66] None of these studies has reported a survival benefit for patients receiving adjuvant treatment. † 

Preoperative Therapy

Based on the five existing trials, there is no clear evidence that preoperative radiotherapy improves the survival of patients with potentially resectable esophageal cancer ( Table 83-1 ).[11] [34] [50] [63] [81] This has been confirmed on 1147 patients by a 
meta-analysis on updated individual patient data that showed an insignificant reduction in the risk of death of 11%. [10] 

Many published studies that have examined the role of preoperative chemotherapy have failed to demonstrate any improvement in overall or relapse-free

*References [28] [29] [41] [48] [75] [86] . 
†References [6] [7] [28] [29] [41] [48] [66] [75] [86] . 
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survival ( Table 83-2 ). * Moreover, some data suggested a reduced resectability rate[63] [69] and a higher treatment-related mortality.[69] All these negative studies but one[45] contain a small number of patients. A meta-analysis involving 1976 
patients did not show any survival benefit.[77] Conversely, one small trial, published in an abstract format,[47] reported a significant increase in median survival in favor of a preoperative regimen with cisplatin and etoposide ( Table 83-2 ). 
Moreover, one large study found a significant improvement in survival and disease-free survival favoring the group with preoperative chemotherapy ( Table 83-2 ). A microscopically complete resection was significantly more frequently 
achieved in the preoperative chemotherapy arm (60% vs 53%, P < .0001). In that trial, 802 patients (SCC: 31%, adenocarcinoma: 66%) were randomly assigned to surgery alone or two cycles of cisplatin (80 mg/m2 ) and fluorouracil (1000 
mg/m2 ) daily for 4 days every 3 weeks followed by surgical resection. Taken together with a recent Cochrane systematic review favoring the preoperative chemotherapy,[58] these results led some European countries to adopt the preoperative 
chemotherapy as standard treatment. [2] 

Six randomized trials have compared chemoradiation and surgery with surgery alone in operable squamous cell carcinoma of the esophagus ( Table 83-3 ). † One of these trials, only published in an abstract form, contained a substantial 
number of adenocarcinomas.[76] All these studies but one have failed to show any survival advantage favoring the neoadjuvant approach. In fact, most of these trials recruited a small number of patients and were not statistically powered to 



detect any realistic difference between the different strategies. The largest trial has been conducted by the French Foundation of Digestive Cancer and the EORTC.[18] A total of 282 patients with resectable (stages I and II) squamous cell 
carcinoma were randomly assigned to preoperative chemoradiation vs surgery alone. The chemoradiation regimen consisted of a sequential perfusion of cisplatin (80 mg/m2 , 0–2 days) followed by an unusual split-course radiation therapy 
(3.5 Gy × 5 then a 2-week rest then another 3.5 Gy × 5). With a median follow-up of 55 months, patients who were allocated to the multimodality regimen have a significant greater 3-year disease-free survival (40% vs 28%, P = .003), and a 
higher rate of microscopically complete resection (81% vs 69%, P = .02). It is worth noting that these patients also have a higher rate of postoperative death (12% vs 4%, P = .02) along with a lack of advantage in terms of survival (median 
survival: 19 months).[18] Conversely, the abstracted report from Walsh and others[80] showed on a small series of 98 SCC of the esophagus, a better median survival for patients treated by the preoperative option (12 months vs 8 months, P 
< .02). These results have to be tempered by the unusually high rate of operative mortality (>17% in both therapeutic arms).[80] In conclusion, although preoperative radiochemotherapy has been associated with increased relapse-free survival, 
it still remains experimental.

Definitive Chemoradiation

As several uncontrolled studies have shown promising activity in primary unresectable cancer with chemoradiation with or without subsequent surgery, the procedure has been applied to potentially curable tumors without surgical resection. 
Six randomized trials have compared definitive radiation therapy alone with definitive chemoradiation ( Table 83-4 ). ‡ Only the RTOG 85-01 trial was designed to deliver adequate doses of systemic chemotherapy (FU: 1,000 mg/m2 as a 
continuous infusion × 4 days + cisplatin: 75 mg/m2 at day 1, every 3 weeks, 4 cycles) with concurrent radiation therapy (50 Gy at 2 Gy/day).[36] At 5 years of follow-up, the latter trial showed a clear survival advantage favoring the combined 
therapy (26% vs 0%, P < .001).[23] These long-term survival data with this definitive chemoradiation regimen have been confirmed elsewhere.[36] [62] Therefore, this RTOG chemoradiation regimen is currently considered as the standard of care 
for the non-surgical management of esophageal cancer. However, chemoradiation is also associated with increased morbidity rates. Compared with radiation therapy alone, patients who received combined modality therapy had a higher 
incidence of severe toxic events (23% vs 66%). Therefore, chemotherapy could not be completed in more than 40% of the patients.[3] [36] The other (positive) trial favoring the combined modality therapy is from the ECOG group ( Table 83-4 ).
[73] However, since after 40 Gy (with or without chemotherapy), patients were treated according to the physician's choice (surgery or continue radiation with or without chemotherapy), the results of that pragmatic study are somewhat difficult 
to interpret. In that study, the median survival was 9 months for radiation therapy with or without surgery vs 14.9 months for radiation therapy, fluorouracil, mitomycin C with or without surgery (P = .03).[73] In that setting of definitive 
chemoradiation, three other relevant randomized studies have been published.[15] [38] [62] (1) Conventional protracted radiation therapy should be preferred as split-course therapy since the former regimen significantly reduced the 2-year disease-
free survival in a randomized series of 202 inoperable stage I to III squamous cell esophageal carcinomas[38] ; (2) increasing radiation dose (experimental 64.8 Gy + chemotherapy vs standard 50.4 Gy + chemotherapy) did not

*References [4] [45] [51] [57] [63] [67] [69] . 
†References [5] [8] [18] [52] [63] [76] [80] . 
‡References [3] [9] [23] [27] [36] [68] [72] [73] . 
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TABLE 83-1 -- RANDOMIZED TRIALS OF SURGERY VS PREOPERATIVE SURGERY IN ESOPHAGEAL CANCER

Reference Patients Who Can be Evaluated XRT * Gy/f/j Resectability † (%)
Operative Mortality 
(%) Median Survival (months) 2-year Survival (%) 5-year Survival (%) P Value

Launois[50] 1981 61 40/-/12 76 23 10 22 10 ns § 

 46  70 23 12 35 12  

Gignoux[34] 1988 116 33/10/28 74 24 11 26 10 ns

 113  82 18 11 28 •9  

Wang[81] 1989 195 40/10/12 93 •5 •- - 35 ns

 223  85 •6 •- - 30  

Arnott[1] 1992 90 20/10/14 74 15 •8 25 •9 ns

 96  72 13 •8 30 17  

Nygaard[63] 1992 58 35/20/28 54 11 •8.4 30 - ns

 50  69 13 •6.5 25 -  

Arnott[10] 1998 ‡ 520 XRT + surgery - - •- 34 18 ns

 518  - - •- 30 15  
*Radiation therapy. 
†Resectability applies to both curative and palliative resection. 
§Not significant. 
‡Meta-analysis. 
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TABLE 83-2 -- RANDOMIZED TRIALS OF SURGERY VS PREOPERATIVE CHEMOTHERAPY IN ESOPHAGEAL CANCER



Reference
Patients Who Can be 
Evaluated

SCC * 

(%) Chemotherapy Resectability † (%)
Operative Mortality 
(%) Median Survival (months) 2-year Survival (%) P Value

Roth[67] 1988 19 100 CDDP ‡ /BLEO § /VDS | •- - •9 25 ns # 

 20   •- - •9 15  

Nygaard[63] 1992 50 100 CDDP/BLEO 58 15 •- •6 ns

 41   69 13 •- 13  

Schlag[69] 1992 22 100 FU £ /CDDP 61 24 •5 - ns

 24   79 14 •8 -  

Maipang[57] 1994 24 100 CDDP/BLEO/VLB $ •- - 17 - ns

 22   •- - 17 -  

Law[51] 1997 74 100 FU/CDDP 89 •8 17 44 ns

 73   95 •9 13 31  

Kok[47] 1997 74 100 CDDP/VP16 85 - 18.5 - P = .002

 74   85 - 11 -  

Kelsen[45] 1998 202 46 FU/CDDP 65 • - 14.9 35 ns

 221   66 • - 16.1 37  

Ancona[4] 2001 47 100 FU/CDDP 79 •3 25 ∼55 ns

 47   74 •4 24 ∼56  

MRCOCWP[60] 2002 • 400 31 FU/CDDP 60 • 10 17.4 45 P = .002

 402   53 • 10 13.4 35  

¶Etoposide.
*Squamous cell carcinoma. 
†Resectability applies to both curative and palliative resection. 
‡Cisplatin. 
§Bleomycin. 
|Vindesine. 
#Not significant. 
£5-fluorouracil. 
$Vinblastine. 
•R0 resection. 
•Medical Research Council Oesophageal Cancer Working Party: Surgical resection with or without preoperative chemotherapy in oesophageal cancer: a randomised controlled trial. Lancet 359:1727, 2002. 
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TABLE 83-3 -- RANDOMIZED TRIALS OF SURGERY VS PREOPERATIVE CHEMORADIOTHERAPY IN ESOPHAGEAL CANCER

Reference
SCC * 

(%)
Patients Who Can be 
Evaluated Chemotherapy XRT † Gy/f/d Resectability ‡ (%)

Operative Mortality 
(%)

Median Survival 
(months) 2-year Survival (%)

5-year 
Survival (%) P Value

Andersen[5] 1984 100 65 BLEO § 30/20/28 52 20 •6 25 -• ns | 

  59 - 35/20/28 47 15 6 19 -•  

Nygaard[63] 1992 100 53 CDDP # /BLEO 35/20/28 66 24 •- 23 -• ns

  58 - 35/20/28 54 11 •- 25 -•  

  50 - - 69 13 •- 13 -•  

  56 CDDP/BLEO - 58 15 •- 6 -•  

Apinop[8] 1994 100 35 CDDP/FU £ 40/-/- 74 14 10 30 24 ns

  34 - - 100 15 7 23 10  

Le Prise[52] 1994 100 41 CDDP/FU 20/10/12 85 •9 10 •- -• ns

  45 - - 84 •7 10 •- -•  

Bosset[18] 1997 100 143 CDDP 37/10/28 >80 13 19 47 25 ns



  139 - - >80 •4 19 42 25  

Walsh[80] 2000 ¶ 100 46 CDDP/FU 40/15/21 - 19.5 12 - 30 P = .017

  52 - 0 - 13.5 •8 - 11  

Urba[76] 2001 •25 50 CDDP/FU/VLB • 45/15/21 100 •4 17.6 ∼35 ∼13 ns

  50 - - 94 •2 16.9 ∼40 ∼20  
*Squamous cell carcinoma. 
†Radiation therapy. 
‡Applies to both curative and palliative resection. 
§Bleomycin. 
|Not significant. 
#Cisplatin. 
£5-fluorouracil. 
¶Walsh TN and others: Multimodal therapy versus surgery alone for squamous cell carcinoma of the esophagus: a prospective randomized trial, Gastroenterology 118:1008A, 2000. 
•Vinblastine. 
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TABLE 83-4 -- RANDOMIZED TRIALS OF CHEMORADIOTHERAPY VS RADIOTHERAPY IN ESOPHAGEAL CANCER

Reference
Staging (TNM 

1978)
Patients Who Can be 
Evaluated Chemotherapy XRT * Gy/f/d Median Survival (months) 2-yr Survival (%) 5-yr Survival (%) P Value

Earle[27] 1980 inoperable 40 BLEO † 40–60/30/42 6.2 ∼15 - ns ‡ 

  37 - 40–60/30/42 6.4 ∼10 -  

Roussel[68] 1989 inoperable 75 MTX § 56/25/35 9•• ∼14 - ns

  69 - 56/25/35 8•• ∼14 -  

Araujo[9] 1991 T1-2Nx 28 MMC | /FU # /BLEO 50/25/35 ∼16•• 38 16 ns

  31 - 50/25/35 ∼15•• 22 6  

Herskovic[36] 1992 £ T1-3N0-1 61 CDDP/FU 50/25/35 14.1 36 26 P < .001 ¶ 

  62 - 64/32/46 9.3 10 0  

Smith[73] 1998 $ T1-2Nx 59 MMC/FU 40/22/32 or     

    60/36/46 14.6 27 - P = 0.4 ¶ 

  60 - 40/22/32 or     

    60/36/46 9.2 12 -  

Slabber[72] 1998 T3Nx 34 CDDP/FU 40/10/28 ∼5.8 ∼5 - ns

  36 - 40/10/28 ∼4.8 ∼5 -  

††Cisplatin.
*Radiation therapy. 
†Bleomycin. 
‡Not significant. 
§Methotrexate. 
|Mitomycin. 
#5-fluorouracil. 
£See also Al-Sarraf M and others: Progress report of combined chemoradiotherapy versus radiotherapy alone in patients with esophageal cancer: an Intergroup study, J Clin Oncol 15:277, 1997. 
Cooper JS and others: Chemoradiotherapy of locally advanced esophageal cancer: long-term follow-up of a prospective randomized trial (RTOG 85-01), JAMA 281:1623, 1999. 
¶Cisplatin. 
$After 40 Gy (with or without chemotherapy), patients were treated according to the physician's choice (surgery or radiation therapy with or without chemotherapy). 
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translate into enhanced survival or local control; whereas it increases morbidity an mortality rates, as shown by the phase III Integroup RTOG 85-01 trial[62] ; (3) in locally advanced operable squamous cell esophageal cancer partially or 
completely responding to chemoradiation, the continuation of chemoradiation is an alternative to surgery, since overall survival did not differ between the two strategies. In this study by the French Foundation for Digestive Cancer, 455 
patients received radiation therapy (either protracted 46 Gy in 4 to 5 weeks or split-course 15 Gy × 2, days 1–5 and days 22–26) in conjunction with two cycles of 5-fluorouracil and cisplatin. The 259 responding and still operable patients 
were randomized between surgery and the continuation of chemoradiation (chemotherapy: three further cycles, XRT: protracted 20 Gy or split-course 15 Gy). Two-year survival rate was 34% in the surgery arm and 40% in the definitive 



chemoradiation arm. Indeed, hospital stay was shorter in the chemoradiation arm. Conversely, patients in the surgery arm had less needs in esophageal stenting (13% vs 27%, P = .005).[15] 

Metastatic Squamous Cell Carcinoma of the Esophagus

The amount of chemotherapeutic agents with activity against advanced squamous cell esophageal cancer is rather limited, but responses have been documented utilizing cisplatin, 5-fluorouracil, vindesine, mitomycin, paclitaxel, and 
vinorelbine. [70] Various combinations of these molecules were shown to be associated with higher response rates but also higher  

TABLE 83-5 -- RANDOMIZED TRIALS IN ADVANCED ESOPHAGEAL SQUAMOUS CELL CANCER

Reference Number of Patients Treatment Response Rate (IC95%) (%) Median Survival (months)

Bleiberg[17] 1997 88/92 ci * FU † 1 g/m2 days1–5 + CDDP ‡ 100 mg/m2 35 (20–54) •8.1

  vs  •7

  CDDP 100 mg/m2 , 3 weeks 19 (8–35)  

Levard[56] 1998 § 156/161 ci FU 1 g/m2 days 1–5 + CDDP 100 mg/m2 - 12

  vs BSC, | 4 weeks - 12

 strates II, III, IV ci FU 1 g/m2 days 1–5 + CDDP 100 mg/m2 - •8

 (subgroup analysis) vs BSC, 4 weeks - •8
*Continuous infusion. 
†5-fluorouracil. 
‡Cisplatin. Best supportive care. 
§4 groups of patients (not only advanced disease) 

strate I: N+ (n = 62). 
 
strate II: R1 or R2 resection (n = 58). 
 
strate III: locally advanced, unresected (n = 22). 
 
strate IV: metastatic disease, unresected (n = 14). 
 

 
|Best supportive care. 

 
 
 
morbidity and in some cases with 10% to 14% of toxic deaths. Among the different available regimens, the cisplatin-vinorelbine combination seems to fit the best therapeutic ratio in metastatic squamous cell carcinoma.[22] However, we still 
do not know whether chemotherapy provides any benefit in terms of survival vs best supportive care. In that setting of advanced squamous cell esophageal cancer, two randomized studies are yet available ( Table 83-5 ).[17] [56] The one of the 
EORTC gastrointestinal group has examined the activity of cisplatin (100 mg/m2 , every 3 weeks) vs cisplatin (same dosage) plus 5-fluorouracil (1000 mg/m2 as a continuous infusion from days 1–5, every 3 weeks) in 88 patients who 
physicians were able to evaluate. Although greater activity was demonstrated for cisplatin-5FU in combination (RR: 35% vs 19%, median survival: 33 vs 28 weeks), this was achieved at the expense of substantially increased toxicity and it 
was concluded in that randomized phase II study that neither arm could be recommended as the standard chemotherapy for patients with advanced squamous cell esophageal cancer.[17] An another randomized study compared cisplatin-5FU 
with no chemotherapy in 156 patients. Again there was no difference in survival but an increase in complications in the chemotherapy arm, which resulted in toxic deaths in 6% of this frail population.[56] 

CONCLUSION

Major changes occurred in the treatment of hypopharyngeal and esophageal cancers during the 1980s and
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1990s. The primary evolution has been in the appearance of combined chemotherapy and radiotherapy protocols as an alternative to radical surgery. To date, these new approaches have mainly improved quality of life, having a lower impact 
on survival. These new approaches have often increased morbidity that is difficult to manage in these most often debilitated patients. The treatment choice requires both a thorough selection of patients and monitoring expertise, as well as 
notable supportive care.
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Chapter 84 - RECONSTRUCTION OF HYPOPHARYNX AND ESOPHAGUS

Kristi E. Chang 
Eric M. Gender 
Gerry F. Funk 

INTRODUCTION

Surgical resection of the hypopharynx and cervical esophagus presents a considerable reconstructive challenge to the head and neck surgeon. Hypopharyngeal and cervical esophageal defects typically arise after treatment of advanced-stage 
squamous cell carcinoma of the laryngopharynx or cervical esophagus, which is routinely associated with a poor prognosis. Lesions of the hypopharynx are known to demonstrate aggressive behavior, with a high incidence of submucosal 
spread and subsequent invasion of adjacent structures. Skip or satellite lesions are frequently seen, as are early metastases to regional lymph nodes. Most patients are not diagnosed until they have advanced disease because of the relative lack 
of symptoms in early-stage disease and difficulty in visualizing this area. This patient population has a high prevalence of tobacco and alcohol abuse and often has related comorbities such as cardiovascular disease, hypertension, chronic 
obstructive pulmonary disease, and peripheral vascular disease. Patients are also frequently debilitated because of nutritional deficiencies. As a result, these patients generally have a poor outcome, with an overall survival rate for 
hypopharyngeal carcinoma of approximately 20% to 40% at 5 years. * 



There have been many technical advances in conservation and reconstructive surgery, as well as the recent establishment of new treatment protocols for organ preservation with chemotherapy and radiation. Current management of advanced-
stage laryngopharyngeal and esophageal cancers generally involves multiple modalities to optimize outcomes. There is now a trend toward reserving surgery as a salvage procedure after failure of other modalities for advanced laryngeal and 
hypopharyngeal cancers. [27] [30] [57] [71] [95] In addition, many patients who have undergone prior surgical ablation will have recurrent disease. Consequently, reconstruction of hypopharyngeal and cervical esophageal defects often occurs in the 
setting of previously irradiated or operated tissues. The adverse effects of radiation therapy resulting in compromised would healing have been well documented.[26] [49] [50] Salvage surgery in patients exposed to previous radiotherapy and/or 
chemotherapy has a high risk of wound complications, with reported complication rates ranging from 37% to 100%.[56] Postoperative salivary fistula rates as high as 50% have been reported after surgical salvage after failure of 
chemoradiation therapy.[77] These issues must therefore be taken into consideration when choosing a reconstructive method for patients who have undergone previous multimodality therapy.

Given the poor survival rates in this patient population, many regard treatment of advanced-stage carcinoma of the hypopharynx and cervical esophagus as palliative, because cure will not be achieved in most cases.[93] To maximize survival in 
these patients, a thorough preoperative evaluation, including endoscopy and radiographic studies, must be performed to assess the extent of the primary tumor and to detect the presence of regional or distant metastasis. Particular attention 
must be given to a complete esophagoscopy. The degree of involvement of the cervical esophagus should be assessed carefully, keeping in mind the propensity for submucosal spread and skip lesions. The presence of a second primary tumor 
in the distal esophagus must also be ruled out, because this would necessitate a total esophagectomy. It is generally not possible to preserve the larynx with advanced lesions, although laryngeal-sparing surgery may be an option for a select 
few patients. The extent of the postablative defect will largely determine the method of reconstruction. There is still controversy over the ideal margin for hypopharyngeal lesions. Some authors advocate distal margins of up to 3 to 6 cm as 
long as

*References [1] [27] [33] [34] [47] [48] [72] [85] [103] [104] . 
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there is no evidence of disease in the remaining esophagus.[33] [54] [103] [104] Others recommend a total esophagectomy to ensure removal of any possible occult disease.[40] [41] We do not routinely perform total esophagectomy for management of 
carcinoma involving the hypopharynx, as long as the postablative defect after obtaining widely clear intraoperative margins does not extend below the thoracic inlet. However, the possible need for a total esophagectomy to achieve complete 
removal of disease must always be a consideration.

GOALS OF RECONSTRUCTION

The primary goal in reconstruction of the hypopharynx and cervical esophagus is to reestablish the continuity of the alimentary tract and restore oral intake in a rapid fashion with minimal morbidity and mortality. In addition to swallowing, 
the potential for restoration of speech is a key goal of reconstruction. The ideal donor material would be a thin muscular tube with a moist, sensate, and watertight epithelial lining similar to the native pharynx. It should be pliable enough to 
fill a variety of complex three-dimensional defects, yet hardy enough to withstand full-course radiotherapy. Preferably, the donor source would provide an abundance of well-vascularized tissue with minimal functional and cosmetic deficits 
at the donor site.

The hypopharynx and cervical esophagus are considered anatomically distinct areas, but functionally, they may be viewed as a single unit. The pharynx is a funnel-shaped tube that is wider proximally in the oropharynx and then narrows 
distally at its junction with the cervical esophagus. During a swallow, transport of a food bolus is facilitated by coordinated constriction of the pharyngeal muscles. Interestingly, McConnel and others[62] have demonstrated that the tongue base 
provides most of the propulsion necessary for transit of the bolus through the pharynx. Patients with an intact tongue base should therefore have good potential for restoration of swallowing function, even if the donor tissue used for 
reconstruction is not capable of muscular contraction.

Pharyngeal defects can be classified as either partial (noncircumferential) or total (circumferential defects). Primary closure of a small partial pharyngectomy defect may be an option if enough mucosa remains to close around a nasogastric 
tube without any tension. As a general rule, most patients with hypopharyngeal cancer are not good candidates for primary closure. An overly tight pharyngeal closure will almost ensure stricture formation and the subsequent need for further 
reconstruction with additional tissue.[44] Most subtotal defects are best reconstructed with supplementary tissue to avoid the potential for stricture formation. Partial pharyngeal defects are generally amenable to closure with modifications of 
the techniques used for closure of circumferential defects (i.e., pedicled myocutaneous or free tissue fasciocutaneous or visceral patch flaps). Preservation of an intact pharyngeal mucosal strip is helpful to prevent the stricture formation that 
tends to occur when flaps are tubed to reconstruct a circumferential defect.[79] 

Several methods of reconstruction for total pharyngoesophageal defects have been described, including local and regional skin flaps, myocutaneous flaps, visceral transposition, and enteric or fasciocutaneous free tissue transfer. Each method 
has advantages and disadvantages that need to be considered when selecting the reconstruction for an individual patient. Consideration must also be given to the potential for vocal rehabilitation. Patients who have undergone previous 
multimodality therapy represent a high-risk group with increased potential for wound complications. The choice of a reconstructive technique will also likely be influenced by personal experience and training. Currently, the pectoralis 
myocutaneous flap, free jejunal flap, radial forearm fasciocutaneous flap, and the gastric pull-up are the most commonly used techniques. The multiplicity of procedures indicates that there is no single best technique. The reconstructive 
surgeon should therefore select a method on the basis of consideration of each patient's anatomic defect and overall health considerations, as well as his or her own surgical expertise and available resources.

LOCAL AND REGIONAL SKIN FLAPS

Early techniques to restore the continuity of the pharynx and cervical esophagus relied on the use of local skin flaps. Czerny,[19] Mikulicz,[65] and Trotter[98] described multiple-stage procedures that used cervical skin flaps for reconstruction. 
Unfortunately, these techniques were unreliable and prone to high rates of fistula, infection, and stricture formation. These flaps had limited ability to reconstruct larger defects because of the random nature of their blood supply. Wookey[107] [108] 
improved on these techniques in the 1940s, when he popularized a two-stage repair for pharyngoesophageal defects with a laterally based rectangular cervical flap. In the first stage, the lateral skin flap was interposed between the pharyngeal 
and cervical esophageal stumps to create the posterior and posterolateral walls of the neopharynx. The continuity of the pharyngoesophagus was returned at a second stage, usually 2 or 3 months later, when this skin flap was tubed and closed 
vertically in the midline to create a skin-lined pharyngoesophageal segment. All these methods that used local skin flaps required multiple steps and were associated with a high frequency of complications. Surkin and others[93] reviewed the
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reported series of pharyngoesophageal reconstruction with cervical skin flaps and found a complication rate of >90%. Overall mortality was 7%, and the average interval to swallowing was 8 weeks. The random blood supply to these local 
flaps was a particular shortfall in previously radiated patients, because they are not very tolerant of radiation.



The description of the deltopectoral flap by Bakamjian[8] in 1965 represented a significant advance over previous methods. Unlike local flaps that rely on a random blood supply, this regional chest skin flap is based on a more reliable axial-
pattern blood supply through the perforating branches of the internal mammary artery. It provides well-vascularized tissue from a donor site that lies outside of the typical radiation fields used for head and neck cancer. The deltopectoral flap 
has a consistent vascular supply and can be reliably used without the need for surgical delay of the flap if limited to the area medial to the deltopectoral groove.

As with other methods that use skin flaps, pharyngoesophageal reconstruction with the deltopectoral flap is a multistage procedure requiring the initial creation of a controlled fistula. At the first stage, a medially based skin flap is elevated 
and tubulated then inset into the pharyngoesophageal defect with a controlled fistula at the base of the deltopectoral flap. The flap pedicle is divided 6 weeks later, along with closure of the fistula and skin grafting to the donor site. Originally 
described as a two-stage procedure by Bakamjian,[8] Surkin and others[93] reviewed the literature and found that patients underwent an average of 3.8 procedures, with an average delay in return to swallowing of 10 weeks. The lengthy time 
interval needed to complete the reconstruction often delayed initiation of adjunctive radiotherapy. There were also unacceptably high rates of fistula formation, flap necrosis, and stenosis, with an overall complication rate of 56%. Given 
these limitations, reconstruction of pharyngoesophageal defects with local or regional skin flaps is largely of historical interest, although these techniques may still occasionally be useful in certain patients have failed or who are unable to 
undergo other reconstructive techniques.

MYOCUTANEOUS FLAPS

The development of myocutaneous flaps was a great advance in the field of head and neck reconstruction. On the basis of the concept of vascular territories described by McCraw and others,[64] a variety of myocutaneous flaps have been 
described, including the pectoralis major, trapezius, [21] and latissimus dorsi[73] flaps. Described almost simultaneously by Ariyan[4] and Baek and others[6] in 1971, the advantages of the pectoralis myocutaneous flap soon became evident to 
reconstructive surgeons. The proximity of the flap to the head and neck makes it convenient to use for defects of this area. It is quick and easy to harvest because of its simple anatomy and provides well-vascularized tissue not usually 
affected by prior head and neck surgery or radiation therapy. This flap is extremely reliable, with a very low associated mortality rate. Highly versatile, the pectoralis myocutaneous flap has become an invaluable resource for rehabilitation of 
a variety of soft-tissue defects in the head and neck region.

Theogaraj and others[97] were the first to describe the use of the pectoralis major flap for reconstruction of subtotal pharyngoesophageal defects. Withers and others[106] subsequently reported the application of the tubed pectoralis muscle flap for 
reconstruction of circumferential pharyngoesophageal defects. The pectoralis myocutaneous flap allows immediate, single-stage reconstruction of surgical defects that would previously have required several procedures and an extended 
healing period. However, the bulky nature of the tissue makes circumferential tubing of the pectoralis flap difficult, especially in muscular or obese patients.[79] 

The pectoralis major muscle is a large fan-shaped muscle overlying the chest wall, with attachments to the clavicle, sternum, ribs, and humerus. Its primary blood supply derives from the perforating vessels from the pectoral branch of the 
thoracoacromial artery, with secondary contributions from the lateral thoracic artery and parasternal perforators from the internal mammary artery. A skin paddle of sufficient size to close the pharyngeal defect is designed over the inferior 
medial portion of the muscle. The pectoralis major muscle with its investing fascia is elevated, and the flap is then transposed over the clavicle into the neck through a widely undermined subcutaneous tunnel ( Figure 84-1 ). Closure of the 
donor site can often be accomplished primarily, although a skin graft may be required for larger defects. In female patients, an inframammary incision is preferred to avoid transfer of unnecessary bulk and to minimize deformity of the breast.

Many modifications have been proposed to maximize the usefulness of the pectoralis myocutaneous flap for pharyngoesophageal reconstruction. These include harvest of the flap as a myofascial flap,[66] [75] thereby avoiding the often 
excessively bulky subcutaneous tissue that makes tubulation of the myocutaneous flap difficult. Alternately, the pectoralis flap can be partially tubed 270 degrees around and closed to prevertebral fascia that has been grafted.[28] Use of the 
pectoralis flap for reconstruction of circumferential defects is associated with frequent stricture formation at the distal anatomosis, especially if the patient receives postoperative radiation therapy. Stricture formation after 
pharyngoesophageal reconstruction with the pectoralis flap has been reported in up to 35%
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Figure 84-1 Pectoralis myocutaneous pedicled flap for closure of pharyngocutaneous fistula. A, Persistent pharyngeal defect that resulted after failed primary closure of pharynx after laryngopharyngectomy. This patient had multiple 
comorbidities and was a poor surgical candidate for free flap reconstruction. Some healthy pharyngeal mucosa remains after debridement of fistula. B, Pectoralis muscle with appropriately sized skin paddle has been elevated from chest wall 
and passed through subcutaneous tunnel over clavicle into neck. Note the thinness of the subcutaneous tissue and skin paddle, which facilitates closure. Well-vascularized muscle provides protection for the great vessels. 

 
†References [17] [28] [54] [55] [78] [80] [93] . 
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by use of well-vascularized tissue from a donor site that is remote from the field of radiation. Significantly, it allows complete removal of the esophagus, thereby eliminating the dangers of unappreciated submucosal extension or a 
synchronous tumor in the distal esophagus. There is only one visceral anastomosis, which is generally located in the neck, thereby decreasing the possibility of stricture, fistula, and postoperative mediastinitis. Before the mastery of 
microvascular techniques, gastric transposition was regarded as the procedure of choice for hypopharyngeal lesions, because it was a relatively simple and reliable technique that allowed most patients to swallow with timely healing and 
reasonable morbidity.



There is no debate that a total laryngopharyngoesophagectomy is mandatory for lesions that extend into the distal cervical esophagus or below the thoracic inlet. Gastric pull-up is the reconstructive procedure of choice for lesions extending 
into the thoracic esophagus that require a total esophagectomy. * For patients with advanced disease for whom a cure is unlikely, gastric pull-up offers a reasonable chance for palliation with rapid restoration of swallowing.[41] [88] Successful 
swallowing is reported in 71% to 100% of patients after gastric pull-up. † 

Gastric transposition (gastric "pull-up") is performed with a two-team approach. The stomach is approached through an upper midline laparotomy incision. After the stomach has been exposed, the left gastric artery, short gastric arteries, and 
the left gastroepiploic artery are divided to allow mobilization of the stomach. Blood supply to the stomach is maintained through the right gastric artery and its gastroepiploic arcade. Next, a Kocher maneuver is executed to mobilize the 
duodenum. A pyloroplasty and a vagotomy are also often performed to promote gastric emptying postoperatively. The entire esophagus is then mobilized by blunt bimanual dissection downward from the neck and upward through the 
diaphragmatic hiatus into the posterior mediastinum. Great care must be taken to avoid injuring the posterior membranous tracheal wall during this maneuver. Next, the gastroesophageal junction is divided, and the proximal stomach is 
transposed into the neck through the posterior mediastinum. Tacking sutures between the serosa and prevertebral fascia can counteract the gravitational pull downwards and reduce the tension on the anastomosis. A curvilinear incision is 
made in the fundus of the stomach, and the pharyngogastric anastomosis is sutured in a two-layered fashion ( Figure 84-2a and Figure 84-2b ). For patients who have been previously radiated, a pectoralis myofascial flap is useful to provide 
vascularized tissue to wrap around the great vessels and to protect the anastomotic suture line. A feeding jejunostomy tube is commonly placed to allow for enteric alimentation until oral feeding can be started. Oral intake can usually begin 
within 10 to 14 days.

The major disadvantage to gastric transposition is the relatively high rate of morbidity and mortality associated with a procedure that involves three surgical fields. Wei and others[103] recently reviewed the trends in gastric transposition surgery 
in their series of 317 patients operated on over a 30-year period. There was a significant reduction in their perioperative mortality from 31% to 9%, as well as a decrease in fistula rates from 23% to 9%. Their review of the 

 
Figure 84-2a Gastric pull-up for reconstruction after total laryngopharyngoesophagectomy. A, Specimen from total laryngopharyngoesophagectomy. This patient had postcricoid carcinoma involving the cervical esophageal inlet; total 
esophagectomy was required to obtain adequate margins. Larynx shown still attached to cervical esophagus; esophagus has been bluntly mobilized from above. B, Stomach has been mobilized after ligation of left gastric artery and 
gastroepiploic arcade, as well as short gastric arteries. Blood supply is maintained by right gastric artery and gastroepiploic arcade. Bidirectional blunt dissection into posterior mediastinum creates a space for transposition of stomach into 
neck. 

 

Figure 84-2b C, Anastomosis of stomach to proximal pharyngeal remnant. Tacking sutures between serosa and prevertebral fascia relieves tension on anastomosis. Pharyngogastric anastomosis is performed with absorbable suture in two 
layers. A pectoralis myofascial flap will be used to protect the great vessels in the root of the neck. Note location of single anatomotic line high in neck. 



 
†References [12] [24] [41] [54] [78] [81] [88] [92] [93] . 
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literature demonstrated a 16% overall mortality rate in studies reporting on series of 10 or more patients. They also reported an overall complication rate of approximately 50%, of which most were minor. Pulmonary complications are 
common, including pulmonary effusion, pneumothorax, and pneumonia. Permanent hypoparathyroidism is often unavoidable, necessitating chronic calcium replacement. Previous gastric surgery, peptic ulcer disease, significant 
cardiopulmonary disease, and cirrhosis are contraindications to this technique. Occasionally, the stomach cannot be mobilized sufficiently to bridge a defect extending superiorly into the oropharynx or nasopharynx.

Other disadvantages to gastric pull-up include frequent abdominal discomfort and dysfunction in the immediate postoperative period, including regurgitation of bile and/or food, distention, and diarrhea. Both gastric dumping and gastric 
outlet obstruction have also been observed. Many of these symptoms will subside over time; regurgitation can be minimized if the patient eats small, frequent meals in an upright position.

Successful voice rehabilitation has been reported in patients with pharyngogastric repair after pharyngolaryngoesophagectomy.[59] [78] Voice quality after gastric pull-up tends to have a wet or gurgling quality. In the rare patient who requires 
pharyngoesophagectomy but whose larynx will be spared, gastric pull-up is a poor choice because of the propensity for reflux.

Colonic Transposition

Goligher and Robin[35] detailed their use of a pedicled segment of colon to reconstruct a defect after pharyngolaryngectomy and cervical esophagectomy in 1954. The use of a free colonic autograft was subsequently reported by Nakayama and 
others.[68] The sigmoid colon is most commonly used, although the colon can be harvested from either the right or the left side.[89] This technique provides a single-stage method of reconstruction with a smooth, mucosa-lined tube. When 
transferred as a free autograft, the vascular pedicle for the colon is large and longer than the typical jejunal vascular pedicle.

As with other procedures that require a laparotomy, colonic grafts have a risk of possible abdominal complications, as well as graft necrosis and fistula formation at the cervical anatomosis. This procedure is associated with the highest 
morbidity (70%) and mortality (20%) rate[93] compared with other available methods. Carlson and others[12] reported an inability to achieve adequate oral intake in 42% of patients reconstructed with colonic grafts. The colon may not tolerate 
radiation therapy well, which further limits its use. There may also be a size discrepancy between the larger bowel diameter and the narrow cervical esophageal lumen. Given these significant disadvantages, colonic transposition is rarely 
used for pharyngoesophageal reconstruction. It is now mainly used when other methods such as gastric transposition are not options for a particular patient.[37] [87] 

FREE TISSUE TRANSFER

Microvascular free tissue transfer surgery has substantially advanced head and neck reconstruction, providing reliable, single-stage procedures with timely rehabilitation of function. Success rates of 93% to 99% in recent large series of free 
flaps for head and neck reconstruction[10] [43] [82] [100] clearly demonstrate that free flaps supply acceptably low morbidity and mortality rates. Microvascular free flaps currently represent the state-of-the-art technique for reconstruction for 
pharyngoesophageal defects that do not extend below the thoracic inlet. Placement of an anastomotic line in the mediastinum is technically difficult and risks serious infection should a fistula develop. Total pharyngolaryngoesophagectomy
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defects are best reconstructed with a gastric pull-up.

Successful free tissue transfer requires appropriate recipient vessels in the cervical region, which may not be present in patients who have undergone prior radical resections. Some elderly or severely debilitated patients may not be able to 
tolerate the longer surgical times associated with these reconstructions, although free flaps have been demonstrated to be safely performed in the elderly. [84] Selection of free tissue transfer therefore must only be made after a thorough 
preoperative evaluation to ensure that the patient is an appropriate candidate. Vein grafts can be used to bridge long gaps between recipient and flap vessels, but these may predispose to flap complications.[82] Major complications after free 



tissue transfer include vascular occlusion requiring revision of the anastomosis; partial or total flap necrosis; bleeding or hematoma formation; and systemic complications such as stroke, myocardial infarction, or pulmonary embolus. Minor 
complications include infection, fistula, stricture formation, and poor functional recovery.

FASCIOCUTANEOUS FLAPS

Radial Forearm

Since its introduction by Yang and others[109] in 1981, the radial forearm fasciocutaneous flap has become the most commonly used free flap for soft-tissue defects in the head and neck because of its versatility and dependability. Harii and 
others[38] first described the use of a tubed fasciocutaneous radial forearm free flap for pharyngoesophageal reconstruction in 1985. It has subsequently been reported as a patch graft for partial pharyngeal defects, as well as a method for 
secondary reconstruction of persistent hypopharyngeal fistulae or stenoses.[13] [14] [20] [31] 

The radial forearm flap offers a plentiful source of thin, flexible tissue that is well suited for single-stage reconstruction of the pharynx and esophagus. Harvest is generally quick and easy to perform. It is a well-vascularized flap, with large-
caliber donor vessels and a long vascular pedicle. Unlike visceral flaps, fasciocutaneous flaps are highly tolerant of radiation therapy and offer the potential for sensory restoration. Skin flaps also have a higher tolerance against ischemic 
injury than enteric flaps. These qualities make the radial forearm flap reliable and extremely versatile for reconstructing a variety of pharyngoesophageal defects. Significantly, the radial forearm flap has minimal associated mortality, with 
0% reported perioperative deaths. * There is also low donor site morbidity, primarily because this technique eliminates the possibility of abdominal or thoracic complications associated with visceral flaps. Speech quality after total 
laryngopharyngectomy reconstruction with the forearm flap has been found to be superior to commonly used techniques.[5] [23] The forearm flap is also suitable for use after subtotal laryngopharyngectomy with sparing of a portion of the 
larynx. For all these reasons, the radial forearm fasciocutaneous flap is favored for pharyngoesophageal reconstruction by many authors,[3] [5] [10] [43] especially in elderly patients who may not tolerate the morbidity associated with an abdominal 
procedure.[67] 

The skin of the entire forearm may be harvested, if necessary, from the distal wrist crease to the antecubital fossa. The flap has potential for sensory reinnervation by means of the lateral antebrachial cutaneous nerve. Blood supply to this flap 
derives from the radial artery and its fascial plexus. Venous drainage is through the deep system of paired venae comitantes and the superficial system of subcutaneous veins. There are usually numerous connections between the deep and 
superficial venous systems, providing excellent drainage of the flap. Preoperative confirmation of adequate collateral ulnar circulation to the hand is essential to avoid postoperative ischemia. Allen's test is a simple and reliable indicator, 
although some prefer to obtain systolic digital blood pressures. The non-dominant hand is selected for harvest, unless Allen's test is not favorable on that side.

A remote distance from the head and neck allows simultaneous harvest of the radial forearm flap with the oncologic resection. The flap is designed with a skin paddle centered over the radial artery, incorporating the cephalic vein or other 
large subcutaneous vein ( Figure 84-3a and Figure 84-3b ). A -plasty or other method of 

 
Figure 84-3a Radial forearm free flap for reconstruction of circumferential pharyngoesophageal defect. A, Typical design of a radial forearm free flap for reconstruction of circumferential pharyngoesophageal defect. Note small island of 
skin proximal to main skin paddle; this indicator paddle will be externalized and allows for postoperative monitoring of the buried portion of the flap. 

 

Figure 84-3b B, Insetting of radial forearm free flap into proximal esophageal remnant. A small vertical incision in the esophageal stump allows interdigitation of the V-shaped extension at the distal edge of the skin paddle to lengthen the 
suture line and prevent contracture. Flap inset is completed before revascularization of the flap. C, A salivary bypass stent is passed transorally into the esophageal remnant before complete closure. Care is taken to pass the stent below the 
distal anatomotic suture line. The wide portion of the stent should be positioned below the base of the tongue. A 2-0 silk suture is passed through the top of the stent and taped securely at the oral commissure to mark the appropriate position 
of the stent. 



 

1952

interdigitation of the distal flap skin paddle into the esophageal anastomosis is useful to lengthen the suture line and reduce the potential for stricture formation. [38] [67] [91] [94] The lateral antebrachial cutaneous nerve may be harvested to reestablish 
sensation to the reconstructed pharyngoesophageal segment. A small elliptical island of skin is left on the proximal aspect of the flap to serve as a monitoring segment, separated from the skin paddle by a subcutaneous fascial segment.[99] It 
can be exteriorized by incorporating the skin island into the closure of the neck flaps and is an indicator of the viability of the buried flap. Flap insetting and tubulation before revascularization avoids potential trauma to the vascular pedicle 
that can occur if the flap is inset after microvascular anastomosis. If a fistula is present preoperatively, or if the patient has been previously irradiated, a pectoralis myofascial flap can be useful to provide additional vascularized tissue should 
a fistula develop. Oral intake can generally begin within 7 to 10 days; waiting 2 weeks is best if the patient has been previously irradiated. Successful oral intake is seen in 75% to 88% of patients.[2] [3] [5] [15] [31] [38] 

The major disadvantage of the radial forearm flap is the high fistula rate, especially when the flap is tubed to fill a circumferential defect. Fistula rates as high as 42%[38] to 67%[52] were reported in early series. Subsequent series demonstrate a 
decreased risk of fistulization between 15% and 38%. * Creation of a controlled fistula or use of a salivary bypass stent can protect the suture line from salivary soilage and decrease the potential for fistulization.[101] Stricture formation is 
reported at 9% to 50%. † The forearm flap should not be used if the extirpative defect extends below the thoracic inlet; this requires a gastric pull-up for optimal reconstruction. Obesity can be a relative contraindication to the radial forearm 
flap, because this may result in a bulky flap.

Donor site morbidity includes a potential for radial nerve injury, as well as a variable area of anesthesia over the dorsum of the hand, which can be minimized by preserving the superficial cutaneous branches of the radial nerve. Overly tight 
closure of the wound or excessively compressive dressings can lead to a compartment syndrome. Closure of the donor site defect requires a split-thickness skin graft, with the risk of scarring and occasional poor cosmesis. Functional loss is 
generally not a problem at the donor site.

Lateral Thigh

Baek[7] first reported the use of the lateral thigh fasciocutaneous free flap in 1983. Hayden[45] subsequently

*References [2] [3] [5] [15] [31] [67] [91] [101] . 
†References [2] [3] [5] [15] [38] [52] [67] [91] . 
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described its use for total pharyngoesophageal reconstruction. This flap is harvested as an elliptically shaped skin paddle over the lateral aspect of the thigh. Its blood supply comes primarily from the third cutaneous perforator off the 
profunda femoris artery. Two venae comitantes accompany the arterial perforator, joining proximally and entering the profunda femoris vein. The lateral femoral cutaneous nerve is the main sensory nerve supplying the lateral and anterior 



thigh, and it may be incorporated if a sensate flap is desired.

The main advantages to the lateral thigh flap are its minimal donor site morbidity and the plentiful amount of thin, pliable tissue that is available for harvest. The donor site usually can be closed primarily, yielding a more cosmetic scar and 
avoiding the need for a skin graft. Like other fasciocutaneous flaps, the skin can be easily tubed for circumferential defects. Unlike enteric flaps, no laparotomy incision is needed. Some favor the lateral thigh flap over the radial forearm flap, 
because it offers a larger area of available skin with less donor site morbidity. [45] [89] Other advantages include the potential for sensory reinnervation and the ability for simultaneous harvest with the oncologic resection. Hayden has reported 
excellent results with the lateral thigh flap to reconstruct pharyngoesophageal defects, with a 98% success rate in a series of 43 patients.[45] Dissection of the thigh flap can be difficult, however, which may explain its less common use 
compared with the radial forearm flap. It is not advised for use in obese individuals or in those with previous surgery or trauma to the thigh. Excessive hair growth on the thigh may also be a relative contraindication to this flap.

Other Fasciocutaneous Flaps

The lateral arm and scapular flaps have also been described for pharyngoesophageal reconstruction. They have disadvantages, including a limited amount of available tissue (lateral arm) and the need for patient repositioning for flap harvest, 
which results in a longer operative time (scapula). Use of the ulnar flap has also been reported,[58] with similar advantages and disadvantages as the radial forearm flap.

ENTERIC FLAPS

Free Jejunal Interposition

Seidenberg[83] was the first to report successful transfer of a free vascularized segment of jejunum in 1959. Microvascular techniques were not yet perfected at that time, and subsequent reports of jejunal reconstruction of the 
pharyngoesophagus focused on the use of interpositional pedicled grafts. As microvascular techniques improved, interest in the free jejunal autograft was reinvigorated. Numerous reports of successful free jejunal transfers have since 
established this as an effective method of reconstruction of the hypopharynx and cervical esophagus with acceptable morbidity rates. * 

The major advantage of the jejunal free flap is that it provides a moist, mucosa-lined tube for single-stage reconstruction of pharyngoesophageal defects. The jejunum is a good size match for the cervical esophagus and is ideally suited for 
circumferential defects. Because it is already a tube, there are only two anastomotic suture lines in the neck, which can potentially decrease the risk of fistula and stricture formation. The jejunum is also easily used as a patch graft for subtotal 
defects, simply by opening the viscera along its antimesenteric border. A free jejunal segment can be tailored to fit defects of varying lengths. In addition, the jejunum has been shown to be capable of surviving a full-course of radiotherapy. 
[60] [96] Many consider the free jejunal autograft to be the method of choice to reconstruct laryngopharyngeal and cervical esophageal defects. † In an extensive review of the literature reported on patients receiving jejunal free flaps for 
pharyngoesophageal reconstruction, Shangold[86] found an overall success rate of 91%, with 82% of patients resuming oral intake.

Jejunal reconstruction of the pharyngoesophagus requires a two-team approach. An appropriately sized segment of jejunum is harvested after the abdomen has been entered by way of a standard laparotomy incision. The jejunal segment is 
usually selected from the bowel distal to the ligament of Treitz based on the second jejunal branch of the superior mesenteric artery ( Figure 84-4 ). An intestinal segment of up to 20 cm can be harvested. Transillumination of the bowel is 
performed to allow identification of the best arteriovenous pedicle, which is confirmed by palpation of the vessels through the mesentery. An extra length of jejunum based on the same mesenteric arcade as the graft can be harvested to serve 
as an external monitoring loop. This can be very useful, because postoperative monitoring of the jejunal flap can be difficult if the defect does not extend superiorly enough to allow transoral inspection. The proximal end of the graft should 
be marked with a suture to ensure isoperistaltic insetting of the jejunum into the pharyngoesophageal defect. The remaining bowel ends are reanastomosed, and a feeding jejunostomy tube is placed after harvest of the graft. Revascularization 
of the jejunum can be performed before insetting the bowel to minimize ischemic time. Care must be taken to avoid traumatizing the mesenteric vein, because it is more fragile than veins of the extremities or trunk.[42] Both pharyngeal and 
esophageal anastomoses should be hand sutured in a two-layered closure, because a higher rate of stenosis formation has been reported

*References [11] [16] [25] [74] [86] [96] . 
†References [16] [25] [29] [51] [67] [74] [96] . 
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Figure 84-4 Inset, Free jejunal flap for reconstruction of circumferential pharyngoesophageal defect. An appropriately sized segment of jejunum is selected based on the second jejunal branch of the superior mesenteric artery. 
Transillumination of the bowel is helpful to identify the best arteriovenous pedicle. Free jejunal segment used to reconstruct a circumferential pharyngoesophageal defect. Care is taken to maintain isoperistaltic orientation of the bowel. 
Donor vessels are typically anastomosed to branches of external carotid and internal jugular vein. (From Silver CE, Ferlito A: Surgery for cancer of the larynx and related structures, Philadelphia, 1996, WB Saunders.) 



 
†References [12] [16] [74] [81] [93] [96] . 
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varying sizes and shapes because of its plasticity. The omentum also has the unique ability to form adhesions to tissues that are inflamed, ischemic, or necrotic, thereby encapsulating them and separating them from the surrounding tissues. 
The rich vascularity of the omentum is beneficial for healing in surgical fields that have been compromised by previous radiation. These qualities make the gastroomental flap a good choice for complicated wounds that are prone to infection 
developing or for closure of persistent fistulae.

The greater omentum is a double-layer of peritoneum attached to the greater curvature of the stomach and the transverse colon. The gastroomental free flap consists of a segment of gastric antrum that is 

 
Figure 84-5 Gastroomental free flap for reconstruction of pharyngoesophageal defect. A, The gastroomental free flap can be harvested a patch to close partial pharyngoesophageal defects. B, Alternately, the enteric stapler can be used to 
create a tube of gastric mucosa for reconstruction of circumferential defects. C, Gastroomental free flap used for reconstruction of circumferential defect. Note the abundant, well-vascularized omentum, which can be used for carotid 
coverage or to fill cervical soft-tissue deficits. 



 

Figure 84-6 Algorithm for reconstruction of hypopharyngeal and cervical esophageal defects. 
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Chapter 85a - LARYNGEAL AND PHARYNGEAL FUNCTION

Gayle E. Woodson 

INTRODUCTION

The upper aerodigestive tract serves the competing functions of respiration and swallowing and, in humans, the added role of speech. Eating and breathing cannot be conducted simultaneously. Swallowing requires total collapse of the 
pharynx, whereas breathing requires active support to maintain its patency. During a swallow, the airway must be protected and the ingested material should be directed into the appropriate channel. The aspiration of food or foreign material 
can lead to serious consequences, such as asphyxia or lung infection. This complicated and potentially hazardous configuration results from embryology and reflects evolution.

The lower respiratory tract has evolved as an off-shoot of the digestive tract, first appearing in the lungfish as a simple muscle sphincter to protect the lungs from water.[32] During embryologic development, the foregut is the common origin of 
the larynx and trachea. The nose is the primary respiratory orifice and the mouth is the portal for ingestion of food; both open into a common cavity, the pharynx. In infants and in all nonhuman mammals, the pharynx is functionally 
compartmentalized into separate passages for breathing and alimentation. The epiglottis interdigitates with the uvula to form a respiratory channel from the nose into the larynx and two lateral pathways from the mouth to the esophagus 
through the pyriform sinuses.[23] During postnatal development in humans, enlargement of the cranium with flexion of the base of the skull results in a downward displacement of the larynx. This displacement elongates the pharynx and 
distracts the uvula and epiglottis so that they are no longer in contact, resulting in a common pharyngeal cavity for breathing and swallowing ( Figure 85A-1 ). [24] [40] The larynx begins its descent at the age of about 18 to 24 months. The 
common chamber complicates functions that are vital to survival, although there are two positive outcomes. Vocal power is greater because of increased resonance, and articulatory diversity is expanded.[25] 

Normal function of the larynx and pharynx requires precise timing and coordination of competing functions. The treatment of diseases and disorders of this region may have an impact on more than one system. It is imperative for 
otolaryngologists to understand the function of the upper aerodigestive tract as a unit and not just as the sum of the activities of component organs.

LARYNGEAL MOTION

Applied Anatomy

Until recent years, only limited information was available about the motions of the larynx because observation was primarily obtained by mirror laryngoscopy and fluoroscopy with contrast. Consequently, models of laryngeal motion have 
been primarily two-dimensional. Illustrations of the glottis in many textbooks are based on observations of mirror laryngoscopy. Vocal folds are depicted as opening and closing as though they were rigid linear structures, pivoting at the 
anterior commissure and moving solely in the axial plane. Details of motion in the posterior commissure have been largely ignored. These common misconceptions of laryngeal motion are at odds with the anatomy of the larynx as presented 
in anatomic descriptions dating back for hundreds of years.

Flexible endoscopy, stroboscopy, and computerized imaging have revealed that laryngeal motion is more complex than previously recognized. Commonly used terms for vocal fold position, such as cadaveric and paramedian are inadequate 
to reflect the three-dimensional configuration of the glottis.[46] Rather than merely opening and closing within a single plane, the vocal folds move in three dimensions, and length and shape may be actively altered ( Figure 85A-2 ).[18] 

Moreover, segmental compartmentalization within intrinsic laryngeal muscles suggests the capability for intricate fine control. For example, the human posterior cricoarytenoid muscle is divided into two compartments.[48] These are supplied 
by separate nerve
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Figure 85a-1 Postnatal descent of the larynx. Migration of epiglottis away from the uvula results in loss of pharyngeal compartmentalization for breathing and feeding. A, Sagittal view through the head and neck of a neonate. B, Sagittal 
view through an adult head and neck. 

 

Figure 85a-2 Three-dimensional motion of the arytenoid cartilage and vocal fold. (From Hirano M: Anatomy and behavior of the vocal process. In Baer T, Sasaki C, Harris K, editors: Laryngeal function in phonation and respiration, 
Boston, 1987, College-Hill Press.) 

 

Figure 85a-3 Compartmentalization of the human posterior cricoarytenoid muscle. Posterior view of a cadaver larynx. 

 

Figure 85a-4 Three-dimensional effects of posterior cricoary-tenoid muscle contraction. A, Sagittal view. B, Posterior view. 



 

Figure 85a-5 Effects of (A) thyroarytenoid and (B) cricothyroid muscle contraction on the thickness of the vocal fold. 



 

Figure 85a-6 Effects of upper airway and tracheal occlusions in an anesthetized dog, before and after a section of the superior laryngeal nerve (SLN). In each panel, the top trace is time in seconds, and the second and third traces are 
integrated electromyographic activity of the diaphragm and posterior cricoarytenoid muscle. The lower two traces in each panel are pressure in the upper airway and esophagus (intrathoracic pressure). Tracheal occlusion affects only 
intrathoracic pressure, whereas upper airway occlusion also affects upper airway pressure, which is sensed by the SLN. (From Sant'Ambrogio and others: J Appl Physiol 58:1298, 1985.) 

 

Figure 85a-7 Laryngeal adductor activity during breathing. TA EMG, Electromyography of thyroarytenoid muscle, raw, and averaged (MA). V, Aairflow; Pes, esophageal (intrathoracic) pressure. A, Plateau in TA activity correlates with 
decreasing flow. B, Progressive increase in TA activity correlates with flattened airflow trace and longer exhalation. C, Decreasing activity during expiration correlates with shorter exhalation. (From Kuna ST, Insalaco G, Woodson GE: J 
Appl Physiol 63:1332, 1988.) 

 

Figure 85a-8 The effects of upper airway occlusion on arterial blood pressure in an anesthetized dog before and after transection of the superior laryngeal nerve (SLN). (From Sant'Ambrogio and others: J Appl Physiol 58:1298, 1985.) 



 

Figure 85a-9 The peak electromyography activity of the thyroarytenoid muscle (TA peak height) as a function of expiratory time in an awake human. Correlation coefficient = 0.680. (From Kuna ST, Insalaco G, Woodson GE: J Appl 
Physiol 63:1332, 1988.) 

 

Figure 85a-10 The diaphragm (DIA) and genioglossus (GG) muscle response to nasal occlusion (beginning at arrow) in an anesthetized vagotomized rabbit. (From Mathew OP, Abu-Osba YK, Thach BT: J Appl Physiol 52:483, 1982.) 

 
 

Box 85a-1. REQUIREMENTS FOR PHONATION

Adequate breath support 
 
Approximation of vocal folds 
 
Favorable vibratory properties 
 
Favorable vocal fold shape 
 
Control of length and tension 



 
 
 
Expiratory Force

The force available to drive phonation depends on the volume of air in the lungs, the elastic recoil in the chest wall and diaphragm, and the strength in abdominal and intercostal muscles. Normally, passive expiration is sufficient to power 
conversational speech. Shouting and singing require deeper prephonatory inspiration for larger lung volume and for active expiratory effort. Because the amount of breath support required for normal voice use is small compared with lung 
capacity, voice loss generally is not a presenting complaint of pulmonary disorders. Breath support available for phonation becomes a clinical issue in two situations: In patients with functional dysphonia there is insufficient prephonatory 
inspiration, so that excessive glottic pressure is required to produce an acceptable volume, which may lead to stress-induced injury of the vocal folds. In the second situation, a patient has an organic voice disorder, and impaired pulmonary 
function limits the capacity to compensate for the glottic defect. For example, a patient with laryngeal paralysis is more symptomatic when there is coexisting emphysema. An important component of vocal training is instruction on control of 
breathing to maximize the power of vocal output.

 
Figure 85a-11 Movements of different portions of vocal folds during one cycle of vibration shown schematically in coronal plane (left) and from above (right). Mucosal upheaval begins caudally and then moves rostrally. The lower portion 
is closing as the upper margin is opening. (From Hirano M: Clinical examination of voice, New York, 1981, Springer-Verlag.) 
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Chapter 85b - EVALUATION AND MANAGEMENT OF HYPERFUNCTIONAL DISORDERS

Andrew Blitzer 

INTRODUCTION

Patients are classified as having movement disorders if they have a disorder of motor programming resulting in a paucity of movement (akinesia or bradykinesia), excessive or hyperfunctional movement (hyperkinesia), or a combination of 
both. The hyperkinetic motor programming errors can produce spasms, tremors, jerks, or tics, and symptoms related to the body part involved.

Patients with movement disorders associated with the larynx are ideally evaluated by an otolaryngologist and by a neurologist specializing in movement disorders. Evaluation should include a complete head and neck examination, neurologic 
examination, and videotaping of the functional disability for documentation. Electromyography (EMG), magnetic resonance imaging (MRI), and blood analysis are performed as indicated by the initial evaluation. A multidisciplinary 
approach including the involvement of an otolaryngologist, a neurologist, and a speech pathologist is key to successful diagnosis and management of hyperfunctional disorders of the larynx.[33] [131] 

DYSTONIA

Many patients with hyperfunctional conditions of the larynx have dystonia, a syndrome dominated by sustained muscle contractions that frequently causes twisting and repetitive movements or abnormal postures that may be sustained or 
intermittent. Dystonia can involve any voluntary muscle. Because the condition is rare and the movements and resulting postures are often unusual, dystonia is among the most frequently misdiagnosed neurologic conditions.[45] The prevalence 
is unknown, but there are an estimated 50,000 to 100,000 cases of idiopathic dystonia in the United States.[95] 

Patients can be classified according to clinical symptomatology, age at onset, and cause. Classification may be important because it can provide clues about prognosis and the approach to management. The classification scheme is outlined in 
Box 85B-1 .

Dystonia can begin at nearly any age. Presenting signs have occurred as early as 9 months and as late as 85 years. In general, age at onset has a bimodal distribution, with peaks at ages 8 and 42 years. Patients are classified as having early 
onset dystonia when the presenting signs occur before age 26 years, and late onset when the signs present at older ages. Other classifications include infantile onset when the presenting signs occur before age 2 years; childhood onset, 
between ages 2 and 12 years; adolescent onset, between ages 13 and 20 years; and adult onset at older ages.[33] Patients are categorized as having focal, segmental, or generalized symptoms according to distribution. Focal dystonia symptoms 
involve one small group of muscles in one body part, segmental disease involves a contiguous group of muscles, and generalized dystonia is widespread. Common examples of focal dystonia are listed in Box 85B-2 .[33] 



Based on history, examination, or laboratory studies, patients may have no identifiable cause for the dystonic symptoms (idiopathic dystonia). Therefore, there should be a normal perinatal and early developmental history; no history of 
neurologic illness or exposure to drugs known to cause acquired dystonia (e.g., phenothiazines); normal intellectual, pyramidal, cerebellar, and sensory examinations; and normal diagnostic studies. The clinical phenomenology is often a clue 
to the cause. Primary dystonia is typically action induced; symptoms are enhanced with use of the affected body part, and the region may appear normal at rest. Secondary dystonia frequently results in fixed dystonic postures. The presence 
of extensive dystonia limited to one side of the body (hemidystonia) suggests a secondary cause. [33] [45] [95] 

In one study of dystonia patients with primary laryngeal involvement, the disorder had spread to
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another body part in 16%. These data suggest that patients should be advised of the potential for spread and should be followed up and reexamined on a regular basis for signs of other dystonic involvement. Approximately 10% of patients 
with primary laryngeal dystonias have a family history of dystonia.[43] 

 
 

Box 85b-1. CLASSIFICATION OF DYSTONIA

Primary 
 
Without hereditary pattern 
 
With hereditary pattern 
 
Autosomal dominant 
 
Autosomal recessive 
 
X-linked recessive 
 
Undefined 
 
Secondary 
 
Associated with other hereditary neurologic disorders (e.g., Wilson's disease, Huntington's disease, ceroid 
lipofuscinosis, progressive supranuclear palsy, Hallervorden-Spatz disease, olivopontocerebellar atrophy, 
acquired hepatocerebral degeneration, Tourette's syndrome) 
 
Environmental 
 
Posttraumatic 
 
Postinfectious 
 
Vascular 
 
Neoplastic 
 
Toxic 
 
Post-antipsychotic drugs (phenothiazines, piperazines, butyrophenones, malindone, thioxanthines) 
 
Antiemetics (prochlorperazine, promethazine, metachlopramide) 
 
Antiparkinsonian drugs (levodopa, bromcriptine, lisaride, pergolide) 
 
Associated with parkinsonism 
 
Hysterical 
 

 
 
 



 
Box 85b-2. DISTRIBUTION OF DYSTONIA

Focal 
 
Blepharospasm (forced, involuntary eye-closure) 
 
Oromandibular dystonia (face, jaw, or tongue) 
 
Torticollis (neck) 
 
Writer's cramp (action-induced dystonic contraction of hand muscles) 
 
Spasmodic dysphonia (vocal cords) 
 
Segmental (cranial, axial, or crural) 
 
Multifocal 
 
Generalized (ambulatory, nonambulatory) 
 

 
 
In most cases of childhood-onset idiopathic dystonia, family studies show an autosomal dominant inheritance with reduced penetrance. A marker for some cases of childhood-onset dystonia has been found on chromosome 9.[97] There are 
heterogenous genetic patterns among patients with idiopathic dystonic symptomatology, including a linkage to the X chromosome and parkinsonism,[47] [77] [128] a DOPA responsive form.[96] 

Family and linkage studies have identified several subtypes with different genetic bases, including an autosomal dominant dopamine-responsive dystonia, [96] X-linked Filipino torsion dystonia[47] [77] [128] ; autosomal dominant (non-dopamine-
responsive) idiopathic torsion dystonia (ITD) related to the DTY1 gene mapped to chromosome 9q34. Both dopamine and X-linked torsion dystonia are rare forms of ITD associated with parkinsonism. [26] [28] [97] [98] 

The DTY1 gene was first identified in a large non-Jewish family with multiple members who had dystonia.[98] Since that time, the DTY1 gene has been identified in 12 Ashkenazi Jewish families with dystonia. Jewish and non-Jewish families 
presented with the same symptom complexes. The dystonia characteristically began in childhood or adolescence and started in a limb. The penetrance was greater in the non-Jewish family (0.75) compared with the Jewish families (0.30). It 
has been postulated that mutations in the DTY1 gene may be responsible for the difference.[76] Ozelius and others[98] reported linkage dysequilibrium between halotype ABL-ASS at the 9q loci and the DTY1 gene in the Ashkenazi Jewish 
population, suggesting that a single mutation in the DTY1 gene is responsible for many ITD cases. In contrast, late-onset ITD in Ashkenazi Jews did not seem to be related to this mutation but rather to other mutations or genes.[26] Linkage 
dysequilibrium has not been reported in non-Jewish families.[28] 

Nygaard and others[96] reported that the Segawa variant of the dystonia gene (DRD) was on chromosome 14. Ichinose and others[64] further refined this observation and reported that a guanosine triphosphate-cyclohydroxylase gene mutation 
was mapped on chromosome 14q.

Younger onset is associated with initial involvement of an arm or leg and a higher probability of spread to another body part. As the patient ages, onset is more likely in the neck, larynx, arm, or cranial muscle, and the dystonia tends to 
remain in a more focal distribution.[27] [29] 

SPASMODIC DYSPHONIA

Laryngeal dystonia (spasmodic dysphonia) is an action-induced, laryngeal motion disorder. Most cases represent manifestations of primary dystonia, but many result from other neurologic entities.
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In 1871, Traube[124] coined the term spastic dysphonia when describing a patient with nervous hoarseness. Schnitzler[110] used the terms spastic aphonia and phonic laryngeal spasm to describe such patients. Nothnagel called the condition 
coordinated laryngeal spasm.[56] Fraenkel[53] used the phrase mogiphonia for a slowly developing disorder of the voice characterized by increasing vocal fatigue, spasmodic constriction of throat muscles, and pain around the larynx. He 
compared the laryngeal disorder with mogigraphia (occupational writer's cramp) or dystonic cramping of the arm when writing. In 1899, Gowers[58] described functional laryngeal spasm whereby the cords were brought together too forcibly 
while speaking (adductor spasmodic dysphonia). He contrasted this to phonic paralysis, whereby the vocal cords could not be brought together while speaking (abductor spasmodic dysphonia). In addition, as Gowers[58] reported, "The 
affection has been compared to writer's cramp … a case reported by Gerhardt, in which the patient had actually suffered from writer's cramp, and, at the age of 50, learned to play the flute. The act of blowing the flute brought on laryngeal 
spasm and an unintended voice sound, accompanied by muscular contractions in the arm and angle of the mouth."

Thus, the focal dystonia of spasmodic dystonia is being compared with dystonia involving other segments of the body (mouth, arm). Critchley[39] described the voice pattern as a condition in which the patient sounds as though he or she is 
"trying to talk whilst being choked." Bellussi[10] described the condition as "stuttering with the vocal cords."

In 1968, Aronson and others[6] reviewed the disorder in detail. At that time, there were approximately 122 cases in the literature. The Minnesota Multiphasic Personality Inventory and psychiatric interviews did not discriminate between 
patients with spasmodic dysphonia and healthy patients when distinguishing patients with spasmodic dysphonia from those with psychogenic dysphonias, helping establish spasmodic dysphonia as an organic or nonpsychiatric condition. 
Nevertheless, many patients are referred to psychiatrists for management because the correct diagnosis is elusive and not made when the patient initially presents for management. Aronson[5] later distinguished and reviewed two types of 
spasmodic dysphonia: adductor, caused by irregular hyperadduction of the vocal folds, and abductor, caused by intermittent abduction of the vocal folds. Patients with adductor spasmodic dysphonia exhibit a choked, strained-strangled voice 



quality, with abrupt initiation and termination, resulting in short breaks in phonation. The voice is generally reduced in loudness and monotonal. Vocal tremor is frequently observed, along with a slow speech rate and decreased smoothness 
of speech. Speech intelligibility is generally decreased. Occasionally, patients with adductor spasmodic dysphonia exhibit compensatory pseudoabductor spasmodic dysphonia, compensating for severe adductor laryngeal spasms by 
whispering.

Patients with abductor spasmodic dysphonia exhibit a breathy, effortful voice quality with abrupt termination, resulting in aphonic whispered segments of speech. The voice is reduced in loudness, and vocal tremor is often observed. Speech 
intelligibility is generally decreased. Some patients display a combination of adductor and abductor signs and have been classified as "mixed."[33] [56] 

Aronson and Hartman[9] later noted that spasmodic dysphonia has tremor characteristics similar to those found in essential tremor. The differential diagnosis between spasmodic dysphonia caused by essential tremor vs that caused by dystonic 
tremor can be difficult. Blitzer and others[23] noted that spasmodic dysphonia is not a spastic disorder; electromyographic characteristics were inconsistent with those seen in pyramidal disorders. An irregular tremor was found in 25% of 
patients vs the regular tremor of essential tremor. The findings were comparable with those of patients who had generalized dystonia with laryngeal involvement and therefore supported the concept that spasmodic dysphonia was a focal 
dystonia. Schaefer and others[109] used EMG to further establish that spasmodic dysphonia is a disorder of vocal motor control. Because the condition is not a spastic disorder, the authors favor the term spasmodic dysphonia over spastic 
dysphonia.

Dystonia is characterized by abnormal involuntary movements that are typically action induced. In spasmodic dysphonia, the vocal apparatus is usually normal at rest but functions abnormally with speaking. Adductor spasmodic dysphonia 
is characterized by abnormal involuntary co-contraction of the vocalis muscle complex, resulting in inappropriate adduction of the vocal folds.[16] As an action-induced, task-specific, or functional movement disorder, spasmodic dysphonia 
shows muscles and anatomic structures that are normal at rest but move inappropriately with action.[33] The authors avoid using the word functional, which implies a psychogenic etiology.

Most authors who have performed vocal analysis on patients with spasmodic dysphonia have concluded that most patients have a dysphonia characterized by a strain-strangle-type voice that is often harsh, and is usually accompanied by a 
tremor, inappropriate pitch or pitch breaks, breathiness, and glottal fry. * Conversely, abductor spasmodic dysphonia is

*References [17] [22] [33] [99] [125] [132] . 
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characterized by action-induced inappropriate co-contraction of the posterior cricoarytenoid muscles during speaking, resulting in inappropriate abduction of the vocal cords. In 1968, Aronson and others[6] thought that a group of patients with 
whispering dysphonia or aphonia and with breathy breaks had a psychogenic cause. This may be the earliest report of the true abductor spastic dysphonia. Many of these patients may be misdiagnosed as having a vocal cord paralysis because 
of the breathy character of the voice.[17] [21] [22] 

Two other variations of presentation have been identified. The compensatory abductor dysphonia is found in the group of adductors that produce a breathy voice by not contracting the vocal cords to prevent the spasms and the broken speech 
pattern. Compensatory adductor dysphonia is a much more rare entity in which the abductors try to prevent the breathiness by tightly contracting the vocal cords. [17] [18] [22] In nearly 900 patients with laryngeal dystonia, 87% had adductor vocal 
involvement (spastic dysphonia), 12% had abductor vocal involvement (whispering dysphonia), and 1% had adductor breathing dystonia.

The authors have also described 12 individuals with respiratory adductor laryngeal dystonia.[17] [18] [25] [31] [59] These patients had abnormal involuntary adduction of the vocal cords on respiration but grossly normal function with speech. Eight were 
idiopathic. Two began with onset in the upper face (blepharospasm) progressing to involve the laryngeal and diaphragmatic muscles, one began with laryngeal symptoms, and one was tardive and began with laryngeal symptoms that 
progressed to involve the lower face and jaw.

Spasmodic dysphonia can occur with other cranial forms of dystonia. In 1910, Meige[90] described a syndrome of spasms of the eyelids and contractures of the pharynx, jaw muscles, and muscles of the floor of mouth and tongue. Meige 
described muscle spasms of prolonged duration with an irregular, repetitive pattern. Jacome and Yanez[67] in 1980 and Marsden and Sheehy[84] in 1982 associated spasmodic dysphonia with Meige's disease or segmental-cranial dystonia. In the 
authors' experience, about 25% of patients with Meige's disease have laryngeal involvement.

Dystonic movements can be rapid and repetitive, and tremor may be seen in dystonia affecting any segment of the body. Dystonic tremors are typically irregular and have a directional preponderance; symptoms increase when the patient 
postures the affected body part in a position opposed to the primary dystonic contractions. For instance, patients with torticollis often have a head tremor that can be diminished by placing the head into the preferred posture. Many patients 
with spasmodic dysphonia have an irregular vocal tremor that is audible and can be recorded electromyographically. Similar to the dystonic tremor that occurs in persons with arm or neck dystonia, the irregular tremor of spasmodic 
dysphonia can be caused by posturing of dystonic muscles in a position in which the agonist contractions do not fully neutralize those of the antagonists. This tremor needs to be differentiated from the regular tremor that occurs in benign 
essential voice tremor. The clinical distinction can be difficult in many cases, particularly when a patient presents with symptoms of essential tremor in other body parts. In many cases, the clinical distinction cannot be made.8a 

Patients with spasmodic dysphonia have reported that symptoms momentarily improve when one pinches the nares, presses the hand against the back of the head, presses the hand into the abdomen, pulls on an ear, or touches the clavicular 
notch (personal experience). Many patients observe that they speak better after a yawn or sneeze or when they sing or yell; these sensory tricks are also common for patients with other craniocervical dystonias.[29] [45] In patients with cranial 
dystonia, involuntary hissing or humming can be present. It is difficult to know whether these noises are primarily associated with the disorder or are secondary tricks to relieve symptoms. [122] Numerous patients with laryngeal dystonia hum 
before speaking, as if to initiate vibration of the vocal cords to prepare for vocalization.

Laboratory investigations are typically normal in idiopathic dystonia and in spasmodic dysphonia. Detailed studies by Finitzo and Freeman[51] support an organic basis for the condition: 35% of patients had abnormal brainstem auditory-
evoked responses, 47% had an abnormal gastric acid secretory response to sham feeding (an index of vagal nerve function), 46% had reduced or absent vagally mediated fluctuations in heart rate during deep inspiration; women with 
spasmodic dysphonia had abnormal limb motor control, 23% had brain lesions on MRI, 56% had abnormal brain electric activity mapping scans, 76% had abnormal brain hypoperfusion on single photon emission computed tomography, and 
some patients had an abnormal electrophysiologic blink reflex.

Clinical features, such as improvement of symptoms with alcohol, sedatives, and tranquilizers and worsening while under stress or on the telephone, have been used as evidence that patients presenting with symptoms of spasmodic dysphonia 
have a psychogenic basis for their condition. However, these clinical features are common among the dystonias. Similar to torticollis,[54] [70] spasmodic dysphonia remissions can occur and relapse. Such cases have been diagnosed as psychiatric 
until relapse. Psychogenic spasmodic dysphonia is very rare, and speech-language pathologists usually describe such cases.[33] 
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Systemic pharmacotherapy provides little relief of symptoms. Dedo and Izdebski[41] described dramatic relief of symptoms by sectioning the recurrent laryngeal nerve. The initial favorable reports were temporized by a review of 33 patients 
by Aronson and De Santo[7] [8] that addressed surgical management. Three years later, only 36% of patients had some persistent improvement, and only 3% achieved a persistent normal voice. Adverse effects included breathiness, hoarseness, 
diplophonia, and falsetto. Of the 64% with failed voices at 3 years, 48% were worse than before surgery. Failures were more common among women (77%) than men (36%).

More recent surgical approaches have focused on selective denervation and reinnervation using the ansa cervicalis nerve. In a report based on preliminary experience with bilateral selective adductor denervation-reinnervation, favorable 
responses were observed in 19 or 21 patients.[11] Not all patients undergoing this procedure were included in the report, and data was subjective based on telephone survey by the authors. The mean follow-up period was 31.4 months (range, 
12–68 months), and additional therapy was required in four patients including Botox injection (one patient), collagen injection (one), thyroarytenoid myotomy (one), and voice therapy (one). In a second study of patients undergoing selective 
adductor denervation-reinnervation, improvement in patient satisfaction, untrained and trained listener perception of voice quality, and rate of aphonic voice breaks were observed in five of six patients.[1] Although the rationale for selective 
adductor denervation-reinnervation is sound, caution regarding surgical approaches must be considered given the prior experience with denervation procedures. Long-term follow-up with objective data analysis in a blinded format will be 
required to prove the efficacy of these surgical approaches.

The authors began using Botox for the management of focal and segmental dystonias in April 1984.[34] Improvement in symptoms of spasmodic dysphonia with local injections of botulinum toxin has been dramatic. The American Academy 
of Neurology,[3] American Academy of Otolaryngology-Head and Neck Surgery,[2] and the National Institutes of Health Consensus Panel[94] have reviewed the clinical usefulness of botulinum toxin and found it to be safe and effective. The 
clinical application and technical aspects of botulinum toxin therapy for spasmodic dysphonia are considered in this chapter in the section titled "Botulinum toxin therapy."

Botulinum toxin therapy in patients with adductor spasmodic dysphonia has been demonstrated to improve speaking by 60% to 100% of normal function, with a mean of 90%; the duration of effect was between 3 and 4 months. Adverse 
effects include a mild breathy dysphonia for less than 2 weeks (45%), mild choking on fluids for the first several days (22%), hyperventilation and dizziness when trying to speak while hypophonic, a sore throat or coughing up blood-tinged 
sputum, and itching (without rash).[14] [15] [17] 

In abductor laryngeal dystonia patients, botulinum toxin injection into the posterior cricoarytenoid muscle produces marked improvement with a return to mean maximal functional performance of 70% of normal. Adverse effects include 
mild dysphagia without aspiration and mild stridor on exertion. No significant breathing difficulties have been reported, even in cases in which both posterior cricoarytenoid muscles were injected.[14] [15] [21] 

Local injection of botulinum toxin into laryngeal muscles is a safe and effective therapy for laryngeal dystonia. In contrast to surgery, botulinum toxin injections have the advantage of being administered on an ambulatory basis, both vocal 
cords can be managed, and the toxin is given under EMG control for precise localization of the most active part of the muscle complex. Graded weakening can be achieved using low doses and by repeating the injections to achieve optimal 
weakness. If too much weakness is produced, the strength gradually returns with time. The procedure is very acceptable to patients, with very satisfactory vocal results. It is too soon to tell whether patients will become refractory to this form 
of therapy. To date, no one has become refractory with laryngeal injections or has sustained a disability from laryngeal toxin injections.[17] [31] [35] 

TREMOR

Tremor is an involuntary, purposeless rhythmic movement of a part of the body.[42] The proposed underlying neural bases for tremor include a central[42] [62] [126] and peripheral mechanism.[103] Tremors have been classified by their cause or clinical 
appearance and are characterized by their frequency, amplitude, distribution over the body, and exacerbating and relieving factors.[68] Marsden and others[83] described four types of human action tremors: a fast (8–10 Hz), fine postural tremor 
similar to enhanced physiologic tremor; classical essential tremor, with a postural tremor of slower frequency and greater amplitude than physiologic tremor; a classical essential tremor, which is disabling in degree; and symptomatic 
essential tremor, which is associated with other neurologic disorders (e.g., polyneuropathy, parkinsonism, dystonia).[81] Of patients with essential tremor, 60% have a family history of tremor, and 30% of these had voice involvement.[72] 

The involuntary, rhythmic, oscillatory movements that affect the distal musculature in patients with
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tremulous diseases can also affect the muscles of speech production and generate rhythmic alterations in pitch and loudness, termed vocal tremor. Vocal tremor can result in rapid decreases and increases in loudness and pitch or in complete 
phonation stoppages. Intelligibility and rate of speech may be decreased. Vocal tremor has been described perceptually as "tremulous voice,"[30] [36] "wavy voice,"[61] or "tremulous, quavering speech"[61] and has been associated with neurologic 
disorders such as essential tremor, Parkinson's disease, cerebellar ataxia, and flaccid dysarthria.[5] [123] Analysis of vocal tremor can make important contributions to the early and differential diagnosis of neurologic diseases and consequently to 
management decisions. The primary noninvasive quantification of vocal tremor has been through acoustic analysis. Most acoustic data on vocal tremor have been obtained from visual inspection of oscillographic displays of wave form data[36] 
[60] or graphic level recorder displays of amplitude contours[61] [88] of sustained vowel phonation. Consequently, the bulk of acoustic data on vocal tremor includes only visually quantifiable amplitude oscillations.

Essential tremor is typically absent at rest, maximal during maintenance of a posture, attenuated during movement, and often accentuated at the termination of movement.[33] [48] [86] It is present at rest only occasionally; differentiation from 
parkinsonism can be difficult in these patients.[33] [49] Vocal tremor occurs in approximately 10% to 20% of patients with essential tremor.[79] It may be the first[36] or only sign of the disease, [101] or it may accompany tremors in other body parts.[50] 
Vocal tremor may parallel the onset of other symptoms or have a sudden onset and cause rapid deterioration in speech intelligibility.[36] [50] It has been reported that vocal tremor is greater with emotional stress or fatigue. [4] Pitch breaks (octave 
breaks to a lower frequency) and phonation arrests have been reported in some cases of essential tremor[79] [80] and have been associated with visible vertical oscillations of the larynx.[87] 

The effect of medication on reducing vocal tremor is equivocal. Certain researchers have reported reductions in vocal tremor with administration of propranolol;[79] [80] primidone;[4] [129] and clonazepam, propranolol, and diazepam in combination.
[107] Limited clinically significant changes in vocal tremor have been found with administration of propranolol[61] [73] and primidone.[55] One report describes a better than 70% improvement of vocal tremor with thalamotomies.[57] Preliminary 
studies have also shown reduction of tremor with chronic electric stimulation of the thalamic nucleus through surgically implanted neuropacers.[112] Local injection of botulinum toxin in the management of essential vocal tremor has shown a 
dramatic benefit in preliminary studies. The injections are given into the muscles that seem to be most tremulous. In many cases, the most active muscles are the sternohyoid and sternothyroid muscles, which rhythmically elevate and lower 
the larynx in the airway (resonator), causing oscillations and producing a tremulous voice quality. In these cases, injecting botulinum toxin into the strap muscles will diminish the up and down motion of the larynx, thereby diminishing the 
amplitude of the tremor and making speech more fluent. Generally, 5 units in 2.5-unit aliquots are injected on each side. If the vocal folds are tremulous, they are injected at a second session.

STUTTERING



Stuttering is a neurologic disorder. Because the phenomenology includes abnormal, involuntary, and inappropriate use of the muscles of speech production resulting in dysfluency, it might best be considered a movement disorder. The 
abnormal involuntary movements are task specific, and the movements may be repetitive and stereotyped. Stuttering occurs in three subsystems of speech: respiratory, phonatory, and articulatory. Stuttering is a result of increased muscle 
tension in these three subsystems, causing the muscles to move too quickly and too far.[127] This increased muscle tension results in postures that are sustained for longer than expected or in quick repetitive movements of the same posture. 
Patients may have primarily focal systems (phonatory, respiratory, articulatory) or segmental symptomatology involving two or three regions. In addition, other cranial musculature may inappropriately contract, including the eyelids and 
other muscles of facial expression. [102] [104] [117] One report[121] describes stuttering followed by the development of jaw opening dystonia.

Competing stimuli, such as emotional arousal, sensory stimuli, motor actions (e.g., walking), or the use of rhythmic patterns (e.g., a metronome), increase fluency. Novel modes of speaking such as singing, speaking in a sing-song voice, 
using a monotone, shouting, using a foreign accent, and using clear or slurred articulation also increase fluency for a period of time. Communicative pressures such as audience size, listener reactions, concern about social approval, time 
pressure, and the degree to which the stutterer is responsible for conveying a meaningful message to a listener are found to increase stuttering.[92] 

The use of antidepressants does not improve fluency.[118] Most persons with a stuttering disorder respond to traditional speech therapy and training. Some adults, despite a long history of therapy, still have stuttering with glottal block. 
Management of the thyroarytenoid muscles in a group of patients with stuttering and glottal block achieved promising
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results.[121] Giving small doses of botulinum toxin (1 unit or less, bilaterally) has produced improvement in 50% of patients. The number of glottal blocks and the duration of the glottal blocks significantly diminish with management.

The most significant advances in treatment of stuttering have been achieved with altered auditory feedback in-the-ear devices.[71] [119] [120] Using both delayed and frequency-altered auditory feedback, significant improvement in fluency and 
normalcy of speech has been demonstrated. The in-the-ear canal device provides a frequency shift of +500 Hz in combination with delayed auditory feedback of 60 msec. Improvement was demonstrated for both youth and adult subjects and 
is currently marketed under the trademark "SpeechEasy."

MYOCLONUS

Myoclonus refers to sudden, brief, shock-like involuntary movements caused by muscular contractions (positive myoclonus) or inhibitions (negative myoclonus, asterixis) arising from the central nervous system. [46] [82] [133] The muscle twitches 
of fasciculations caused by lesions of the lower motor neuron are excluded from this definition. Phenomenologically similar muscle jerks may be produced by peripheral nerve or plexus lesions.[85] 

Branchial or oculopalatal myoclonus refers to myoclonic symptoms affecting cranial structures. In the oral cavity, involuntary—usually unconscious—movement of the soft palate and pharynx is seen.[78] Further exploration often documents 
synchronous jerks affecting the eyes, face, palate, larynx, diaphragm, neck, shoulder, and arm. A patient complaint of clicking in the ears, thought to be caused by involvement of the eustachian tube and tensor veli palatini muscles, was first 
noted in the 19th century by Muller and then Politzer.[105] The clicking can often be heard by family and examiners. Laryngeal involvement may produce a broken speech pattern, simulating that heard in laryngeal dystonia or tremor (personal 
observation). Examination of the vocal cords often shows slow rhythmic adduction and abduction of the vocal cords at the same timing and frequency as the palatal, pharyngeal, and occasional diaphragmatic contractions. This causes the 
broken speech pattern and a respiratory dysrhythmia. Ventilatory dysfunction has been documented.[4] 

Although usually unresponsive to pharmacotherapy, isolated cases have reportedly responded to serotonin,[4] [129] carbamazepine,[107] clonazepam,[55] [69] tetrabenazine,[69] and trihexyphenidyl.[65] [66] Several symptomatic patients who were unresponsive 
to drug therapy have been managed with local injection of botulinum toxin into the thyroarytenoid muscles.

TIC DISORDER

Tourette's syndrome is considered to be the most severe form of tic disorder; involuntary vocalizations are the hallmark of the disease. Additional features include onset in childhood or adolescence, multiple tics of several body parts, 
variations in the intensity of the symptoms over weeks or months, suppressibility, and presence for more than 1 year. Obsessive-compulsive behavior is common.[100] Vocalizations can be articulate words or inarticulate sounds. Patients 
frequently present to an otolaryngologist for evaluation of laryngeal tics manifesting as inappropriate coughing, barking, throat clearing, hooting, and grunting. The voice may be harsh because of the effects of chronic voice abuse with 
polypoid changes of the vocal mucosa. Lingual tics present as hisses and nasal tics as sniffs and snorts. Phenothiazines (e.g., haloperidol) appear to offer the greatest amount of relief.[38] However, tardive dyskinesia and tardive dystonia, 
severely disabling movement disorders, may occur as secondary effects of phenothiazine administration[37] [38] [93] [111] ; this therapy should be reserved for resistant cases. Clonidine, an α2 -adrenergic agonist, and clonazepam, a benzodiazepine, 
have been helpful in managing many cases. [111] Brin and others[34] have used local injections of botulinum toxin to manage rapid facial tics and dystonic tics in selected patients with a dramatic relief of symptomatology. This form of therapy 
may be appropriate for patients with severe, persistent tics involving one group of muscles. Blitzer and Brin[18] used botulinum toxin to control refractory loud barking sounds in one patient.[108] 

BOTULINUM TOXIN THERAPY

The bacteria Clostridium botulinum produces seven immunologically distinct toxins that are potent neuroparalytic agents: A, B, C1 , C2 , D, E, F, and G.[114] [115] Although antigenically distinct, the seven neurotoxins possess similar molecular 
weights and have a common subunit structure. [40] The toxins are synthesized as single-chain polypeptides with a molecular mass of approximately 150,000 D. In this form, the toxin molecules have relatively little potency as neuromuscular 
blocking agents. The single-chain toxin can be cleaved by certain bacterial enzymes or by trypsin to yield a di-chain molecule in which a heavy chain (approximately 100,000 D) is linked by a disulfide bond to a light chain (approximately 
50,000 D). It is in this form that the molecule paralyzes neuromuscular transmission. Reduction of the disulfide bond that links the two chains causes complete loss of toxicity. The amino acid sequences for the various serotypes of botulinum 
toxin have not been reported. Partial amino acid sequences have been determined for types
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A, B, C1&2 , D, E, and F and show that regions of structural homology exist.[40] 

When botulinum neurotoxin is isolated from bacterial cultures, it is normally associated with nontoxic macromolecules. The associated molecules may be proteins or nucleic acids; a protein hemagglutinin associates noncovalently with type 
A toxin. When administered parenterally, nontoxic proteins do not enhance the toxicity of the neurotoxin and may even interfere slightly. However, when administered orally, nontoxic proteins can enhance toxicity greatly, possibly by 



protecting the neurotoxin from proteolytic enzymes in the gut.[106] 

Botulinum toxin exerts its effect at the neuromuscular junction by inhibiting the release of acetylcholine, causing a flaccid paralysis.[12] [13] [101] [116] Three steps involved in toxin-mediated paralysis are (1) binding, (2) internalization, and (3) 
inhibition of neurotransmitter release. Toxin binding to peripheral and central nerves is selective and saturable. In vitro studies with synaptosomal preparations suggest heterogeneity of acceptor sites with high- and low-affinity sites and some 
specificity for toxin type.[44] [74] [130] The heavy chain determines cholinergic specificity and is responsible for binding.[44] [75] The light chain is the intracellular toxic moiety. The light chain is responsible for the proteolytic activity and, depending 
on the serotype, has a specific affinity for VAMP/synaptobrevin-2, SNAP-25, or syntaxin. Cleavage of any of these proteins interferes with the proper binding and fusion of a vesicle to the plasma membrane, therefore impeding exocytosis-
mediated neurotransmitter release.[63] 

It is likely that the clinical effect of toxin is caused primarily by the peripheral effect; the degree of improvement correlates with weakness appropriate to blockade of neuromuscular transmission. Clinically, there is typically a 24- to 72-hour 
delay between administration of toxin and onset of clinical effect. This delay may be secondary to the time necessary for adequate enzymatic disruption of the synaptosomic release process of botulinum toxin.

The mouse assay has been the standard when measuring potency of commercially available toxin. One unit of botulinum toxin is equivalent to the amount of toxin found to kill 50% of a group of 18- to 20-g female Swiss-Webster mice (i.e., 
the median lethal dose).[35] 

Although botulinum toxin has been used therapeutically in humans since the mid-1970s without evidence of a direct effect on uninjected muscles, the long-term consequences of chronic injections are unknown. Weakness or routine EMG 
changes in muscles distal to the site of injection have not been reported. However, there are detectable abnormalities on single-fiber EMG.[35] It is not known how long these abnormalities persist or whether they have any clinical significance. 
There is a paucity of data regarding use during pregnancy. Currently, injection should be avoided in pregnant or lactating patients. Caution is warranted when managing patients with conditions such as myasthenia gravis, Eaton-Lambert 
syndrome, and motor neuron disease, particularly when large doses are required (e.g., in the management of cervical dystonia). However, the amount of toxin entering the circulation after injection is thought to be minute, and this theoretic 
concern should be balanced against the severity of the hyperkinetic symptoms.[35] 

Botulinum toxin type A (Botox; Allergan, Inc., Irvine, Ca) and type B (Myobloc; Elan Pharmaceuticals, Inc, San Francisco, Ca) are currently available for clinical application. A standard vial of Botox contains 100 units of toxin. Toxin is 
shipped from the manufacturer on dry ice and stored at -20°C. Frozen lyophilized toxin is reconstituted with sterile saline to various concentrations, depending on the indication. For laryngeal injections, a volume of 0.1 mL is typically 
delivered. Initial dilutions to 50 units/mL (2 mL saline added to the vial) or 25 units/mL (4 mL saline added to the vial) are generally used for clinical application. Further dilution to 12.5 units/mL or lower concentrations may be needed for 
very low doses. For administration of higher doses (i.e., 20 units) occasionally used in unilateral injections, a vial is diluted with 0.75-mL saline, giving a concentration of 133.3 units/mL, and 0.15 mL is administered.[35] 

Experience with Myobloc for laryngeal injections is less extensive as it has only recently been available for clinical use. Myobloc is shipped in solution in concentrations of 5000 units/mL and may be stored in a refrigerator up to 2 years. 
Based on experience with application in other dystonias, the relative strength of Myobloc to Botox is 50:1. Therefore, a starting dose of 50 units/0.1 mL of Myobloc would be equivalent to 1.0 unit/0.1 mL of Botox.

The effective treatment dose is variable for each patient and for each muscle injected; therefore, injections are individualized. The dose range for adductor spasmodic dysphonia is 0.05 to 30 units of Botox, with an average dose of less than 1 
unit per vocal fold.[17] [18] [24] [31] [32] In general, a starting dose of 1.25 units in 0.1 mL of saline is used for bilateral thyroarytenoid injections. Subsequent doses are varied according to clinical response and adverse effects. A trend toward lower 
doses has been observed and may be useful in reducing adverse effects.[19] Injections are given using a tuberculin syringe with a 27-gauge monopolar polytef-coated hollow EMG recording needle. Adductor laryngeal injections are performed 
percutaneously through the cricothyroid membrane and into the thyroarytenoidvocalis
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muscle complex using EMG guidance for optimum placement ( Figure 85B-1 Figure 85B-1 ).

After an injection, patients will typically report improvement in voice within 24 hours followed by a breathy, hypophonic period lasting 1 to 2 weeks (45%), occasionally causing hyperventilation and dizziness when trying to speak. Mild 
choking on fluids for the first several days (22%) is also common; in addition, sore throat or coughing up blood-tinged sputum may occur in the first 1 to 2 days after injection.[14] [15] [17] 

The abductor patients are also managed with an EMG-guided percutaneous injection. The larynx is manually rotated away from the side of intended injection, and the hollow EMG needle with syringe is placed posterior to the posterior edge 
of the thyroid lamina ( Figure 85B-2a and Figure 85B-2b ). The needle is advanced to the cricoid cartilage and moved out under EMG guidance to the optimum position in the posterior cricoarytenoid muscle. When the patient is instructed to 
sniff, which maximally uses the posterior cricoarytenoid muscle, there is a burst of activity on the EMG, and the toxin is administered.[14] [15] [21] [23] 

Some abductor patients cannot tolerate manual rotation of the larynx; thus, injections are performed transcricoid.[91] This technique begins with a small amount of anesthetic agent injected in the subglottic airway via the cricothyroid 
membrane. After an adequate level of anesthesia has been achieved, the 27-gauge polytef-coated needle is placed through the cricothyroid membrane, traversing the airway until it engages the posterior wall of the airway, the cricoid 
cartilage. The needle is aimed slightly laterally and slowly advanced through the cartilage under EMG control. Once the needle has gone through the cartilage, the posterior cricoarytenoid muscle is encountered and there is a burst of electric 
potentials. The patient is asked to sniff to confirm the position and activity, and the toxin is injected as previously described.

Injections for abductor spasmodic dysphonia typically require dosages in the range of 2.5 to 10 units of Botox in 0.1 mL of saline per posterior cricoarytenoid muscle. Unilateral injections are recommended initially to minimize the risk of 
airway obstruction. After the initial injection, if no response is obtained, flexible fiberoptic examination should be performed to assess the degree of abduction on the treated side. If no impairment in motion is detected, repeat injection should 
be performed. If limitation in motion is 

 
Figure 85b-1a A, Anterior approach to the thyroarytenoid muscle through the cricothyroid membrane. The injection needle is passed into the airway and directed laterally and superiorly into the thyroarytenoid muscle. B, model depicting 
placement of 27-gauge injection needle into the thyroarytenoid-vocalis muscle. An acute angle will place the injection into the anterior belly of the thyroarytenoid muscle. 



 

Figure 85b-1b C, EMG obtained during injection of the thyroarytenoid muscle. The patient is asked to say "E," resulting in recruitment and increased motor unit activation and confirming accurate placement of the electrode before injection. 

 

Figure 85b-2a A, Lateral approach to the PCA muscle. The thyroid cartilage is rotated laterally with simultaneous anterior displacement, exposing the posterior lateral border of the thyroid cartilage. The 27-gauge injection needle is inserted 
into the posterior lateral aspect of the cricoid cartilage. B, Model depicting placement of the injection needle into the PCA muscle using a posterior lateral approach. 

 

Figure 85b-2b C, EMG obtained during injection of the PCA muscle. Upward arrows indicate volitional "sniff" maneuver with recruitment of PCA motor units. 
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Chapter 86 - VISUAL DOCUMENTATION OF THE LARYNX

Randall L. Plant 
Robin A. Samlan 

INTRODUCTION

In this chapter, the authors describe the equipment and techniques of video documentation of the larynx and how to analyze and interpret the images obtained. Laryngeal videoendoscopy with or without stroboscopy is used to diagnose and 
document voice and laryngeal disorders, track changes over time, and to provide biofeedback for voice and breathing therapy; it is a clinical tool that is also used in the office setting to examine vocal fold structure and gross function. 
Stroboscopy is a lighting technique that helps clinicians examine the body-cover relationship and vibration patterns, and it is valuable for describing mucosal disease and its effect on vocal-fold vibration. Stroboscopy is necessary to 
determine glottic closure and mucosal pliability, to make inferences about tension, and, sometimes, to identify lesions. Rigid and flexible endoscopes can be used with both continuous and stroboscopic light sources. The decisions to use 
continuous or strobe light and rigid or flexible endoscope are largely based on whether the examiner is more interested in gross structure and function or mucosal health and vibration patterns. Often, both rigid and flexible examinations are 
necessary to thoroughly assess laryngeal function during a variety of voicing conditions and therapy probes.

Laryngeal videoendoscopy and stroboscopy (LVES or videostroboscopy) can be performed by either an otolaryngologist or a qualified speech-language pathologist, in most states.[1] Each professional brings a different perspective and 
training to the process, and the most thorough examinations are typically conducted in a team setting. The otolaryngologist is responsible for assessing mucosal health and diagnosing laryngeal pathology; the speech pathologist is interested 



in the vocal-fold vibratory patterns during various voicing conditions, the behavior of the laryngeal and supralaryngeal structures during phonation, and how treatment probes alter phonatory physiology. As team members work together over 
time, they often learn from one another and develop common skill sets.[28] 

The advantages and disadvantages of rigid and flexible endoscopes are described in the first section of this chapter, with recommendations for technique and troubleshooting. The second section details the assessment process for endoscopy 
and stroboscopy. The final section discusses equipment for laryngeal imaging.

ENDOSCOPES

Rigid Endoscopes

Advantages

Rigid endoscopes used with LVES are usually 70- or 90-degree scopes. As stated in the "Equipment" section, rigid scopes have the advantage of higher resolution with brighter, clearer pictures. Contrast is better, there is a large selection of 
viewing angles, and the image is more accurately magnified than with a flexible endoscope. The examination is simple and does not usually require topical anesthetic.[17] [18] [28] 

Disadvantages

The primary limitation of the rigid endoscope is that phonation is limited to sustained vowels. Because visualization with a 70-degree rigid endoscope usually requires an extended neck and protruded tongue, the size of a glottic gap might 
appear exaggerated with the rigid endoscope.[31] To counteract this problem, Rammage, Morrison, and Nichol[28] suggest a lateral approach to the larynx to decrease neck extension during the examination. Alternatively, a 90-degree endoscope 
does not require the same degree of neck extension as the 70-degree endoscope does.

Technique

The laryngeal examination with a 70-degree rigid endoscope is conducted with the patient bending slightly forward from the waist while maintaining a
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straight back. The neck is extended, and the tongue is protruded. The examiner wraps the tongue in gauze and holds it gently with the thumb on the underside and the middle finger on the surface. The index finger is used to protect the upper 
teeth and guide the endoscope during placement. The endoscope is advanced just under the uvula or between the uvula and faucial pillars until the epiglottis is visualized. Using a sustained vowel /ei/ will lower the tongue base and facilitate 
placement; the wrist is then flexed so that the endoscope tip tilts inferiorly. The angle can be varied for differing degrees of magnification and differing fields of view. The patient is then guided through the examination tasks listed in the 
"Assessment" section below. Examination with the 90-degree endoscope is similar, but the patient does not to need to bend forward or extend the neck. Another difference is the angle; the tip of the 90-degree scope is positioned with 
minimal tilt so that the light is parallel to the surface of the vocal folds. This type of endoscope is often preferable for viewing the larynx when a wider viewing angle is desired. A longer lens or a zoom lens might be necessary for adequate 
vocal-fold detail.

Defogging the endoscopes can be a challenge, because sterilizing beads can cause damage. Alternatives include liquid defogger, soap film, surgical wax, and holding the endoscope lens briefly against the cheek or the side of the tongue. The 
examination is generally tolerated without topical anesthetic, but a small amount of benzocaine topical spray or a similar product is sometimes useful and does not appear to affect examination results.[25] 

Troubleshooting

A good quality examination means that the image is in focus, that it is large enough to show small lesions, and that it is bright enough to show details (but not so bright as to obscure them). Contrasting color is important for differentiating 
subtle lesions and vascular changes. Ideally, an examination includes a both a wide-angle view of the larynx and close-up view of the vocal folds. The stroboscopic portion of the examination should include several complete stroboscopic 
cycles at normal pitch and loudness in addition to the rest of the protocol (see "Assessment"). Common imaging problems and solutions are listed in Table 86-1 .

 
TABLE 86-1 -- COMMON PROBLEMS ENCOUNTERED DURING LARYNGEAL VIDEOENDOSCOPY AND STROBOSCOPY WITH A RIGID ENDOSCOPE, ALONG WITH POSSIBLE SOLUTIONS

Problem Solutions

Foggy image • Warm the endoscope.

 • Apply a defogging agent.

 • Clean the endoscope lens; there may be mucous or dried disinfectant obscuring the image.

Fuzzy image • Check or adjust the focus. Whenever possible, set the focus on the endoscope (if there is one) before connecting it to the camera, and then leave it alone.

 • Clean the endoscope lens.

Dark image • Clean the lens of the endoscope, the eyepiece, or the camera.

 • Increase the light. Different techniques are used for different light sources and cameras. For some systems, decreasing the shutter speed or turning the electronic light control on 
or off can increase brightness.

 • Change the position of the endoscope; the light might not be directly over the vocal folds or the area of interest.

 • If it is the xenon light that is too dark, check the number of hours on the bulb. The brightness of the xenon light fades with use, whereas the halogen bulb burns out all at once.

Grainy image • Decrease the gain.



 • Set the endoscope slightly out of focus.

 • Consider a shorter camera lens.

Tilted image, or the vocal folds appear to be different 
widths

• Modify the alignment of the endoscope and camera.

 • Be sure that your arm and wrist are approaching the patient straight on that that they are not tilted.

 • Have a third party hold the laryngeal microphone to the patient's neck, or attach it to a Velcro® strap.

Image of mostly the valleculae and the epiglottis • Insert the endoscope further into the oropharynx.

 • Tilt the tip of the endoscope.

Image of mostly the arytenoids and the posterior vocal 
folds

• Withdraw the endoscope slightly from the oropharynx.

 • Tilt the tip of the endoscope.

 • Have the patient phonate in a high pitch.

 • Request that the sound be more "ee-like."

Base of tongue is high • Ask the patient to produce sustained "hey" or "a."

 • Ask the patient to allow the back of the tongue and jaw to release and be "floppy."

 • Have the patient hold his or her own tongue.

Uvula is "in the way" • Direct the endoscope around the uvula.

 • Have the patient breathe through the mouth, not the nose.

 • Ask for the sound to be more "ee-like."

 • Have the patient plug his or her nose or use nose clips.

Abnormal color • This depends on the imaging system; color can often be adjusted by controls on the monitor, camera, or printer.

 • Check the brightness settings.

 • Check the focus; the image may need to be slightly out of focus.

Omega-shaped epiglottis • Use a 90-degree endoscope.

 • Have the patient bend further forward so that the elbows rest on the knees, then have him or her extend the neck as much as possible.

 • Try a lateral approach.

Strobe is "not tracking" • Modify placement of the laryngeal microphone or electroglottograph (EGG) electrodes; they should be placed flat on the neck, over the thyroid laminae.

 • Have the patient phonate more loudly.

 • Try the other fundamental frequency extractor (i.e., use the laryngeal microphone if the Fo is not tracking with the EGG).

 • The vibration might be aperiodic; try other vocalization tasks, such as high pitch, low pitch, quiet voice, phonation on inhalation, and instruction to take a bigger breath and relax 
the shoulders.

 • Some systems allow the examiner to select an approximate fundamental frequency as an override. If your system does not have that feature, the examiner can phonate at the 
approximate fundamental frequency to trigger the strobe light.

Plica ventricularis; the ventricular folds are closed, so the 
true vocal folds cannot be seen

• Ask the patient to produce a soft, gentle, breathy "hhheee," almost like a sigh. Model such a production.

 • Ask patient to laugh: "hee hee hee."

 • Have the patient phonate on inhalation.

 • Have the patient undergo voice therapy, followed by repeat evaluation.

Gagging • First, educate the patient about the examination. It is sometimes helpful to use a model to show that the vocal folds are in view, with the endoscope placed far above them.

 • Talk the patient through the examination in a calming voice, reminding him or her to breathe slowly through the mouth and to start phonating in a relaxed, breathy voice.

 • Distract the patient by having him or her focus on a certain spot, think the alphabet backwards, or try not to blink (attenuation of the blink reflex will suppress the gag reflex).

 • Have the patient hold his or her own tongue.

 • Alter the approach (e.g., lateral versus anterior; elevate the endoscope tip or lower it).

 • Use a topical anesthetic.

 • Use a flexible endoscope.
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Flexible Endoscopes

Advantages

The primary advantage of the flexible endoscope is the ability to view the larynx during speech and singing. Glottic gap can be more accurately described than with rigid endoscopy because of the neutral tongue and neck positions. [31] 
Flexible endoscopy also allows the clinician to assess the nasal cavity and velopharyngeal port during the same examination. Flexible endoscopy is preferred when the question is one of movement rather than structure or mucosal health. It is 
particularly useful for disorders such as spasmodic dysphonia, where the voice problem is more obvious during speech than sustained vowels, and vocal-fold motion impairment, where having the patient sniff through the nose allows the 
examiner to assess subtle motion changes.

Disadvantages

The primary limitation of the technique is that light transport and magnification of the image are inferior to the rigid endoscope. There is also a distortion of the periphery of the image. Figure 86-1 shows the differences in clarity and 
distortion between the rigid and flexible endoscopes. There is often a trade-off between adequate focus and light fiber mismatch so that, when the image in focus, there is a moiré or honeycomb effect that is enhanced by the edge-detection 
software of digital imaging systems ( Figure 86-2 ). Although technology is improving, the examinations are still not equivalent. In addition, many patients find the flexible examination to be more invasive than the rigid; it carries with it the 
risks of nosebleed, adverse reactions to the anesthetic, and vasovagal reaction.

 
Figure 86-1 Distortion and image quality using A, a rigid endoscope, and B, a flexible endoscope. 

 

Figure 86-2 Moiré effect seen with a flexible endoscope. 

 
 

Box 86-1. SAMPLE PROTOCOL FOR LARYNGEAL VIDEOENDOSCOPY WITH CONTINUOUS LIGHT. 
THE ITEMS MARKED WITH AN ASTERISK (*) ARE COMPLETED ONLY IF USING A FLEXIBLE 

ENDOSCOPE

Rest breathing 
 
Deep breathing 
 
Easy cough or throat clear 
 
Laryngeal diadochokinesis "ee" 
 
Laryngeal diadochokinesis "hee" 
 
Sustained "ee," then quick sniff through the nose* 
 

 
 
Arytenoid and Vocal-Fold Motion

Movement and position of the arytenoids informs the examiner about the integrity of the cricoarytenoid joint and the recurrent laryngeal nerve. Arytenoids are typically described as upright or rotated, mobile or immobile, and symmetric or 
asymmetric. Immobility is further described by position: median, paramedian, intermediate, or lateral. Sometimes the arytenoid is mobile but the vocal fold is not. Mobility is rated as patients phonate then breathe, during laryngeal DDK, 



when they are coughing, and, sometimes, when they are sniffing. Vocal-fold motion impairment has many potential causes, including paralysis, paresis, arytenoid dislocation, fibrosis, or tumor invasion of the cricoarytenoid joint. The 
etiology of the motion impairment—along with the particular characteristics of arytenoid position, gap size and shape, and so on—can change management strategy, as described in the chapters about phonosurgical procedures.

Color and Quantity of Mucous

Thickened mucous often adheres to the vocal-fold edges or superior surface. The presence of thick mucous generally relates to a lack of hydration or chronic irritation. Mucous pooling in the pyriform sinuses can indicate poor laryngeal 
sensation, weak lateral pharyngeal walls, or inefficient swallow. Thickened mucous adhering to the vocal folds can masquerade as a lesion or mask an abnormality. Patients should be instructed to try to clear the mucous by swallowing or 
with a brief cough or throat clear to differentiate mucous from underlying structures or lesions.

Vascularity

The vocal folds are generally pearly white on examination. A blush throughout the tissue is considered erythema or hyperemia. If capillaries are visible, they are generally aligned parallel with the free edge. Abnormally dilated and tortuous 
vessels are called capillary ectasias or microvarices, and they might represent areas of stiffness or risk for hemorrhage. Hemorrhage occurs when enough blood cells have escaped from a vessel to lend a diffuse coloring to the vocal fold.

Change in Laryngeal Position or Height

Change in lateral position or tilting to one side can be the result of a mass displacing the larynx, muscle imbalance, trauma, or superior laryngeal nerve injury.
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Change in laryngeal height is also noted. Some people raise or lower the larynx with talking or singing; this can be either a normal variant or a manifestation of altered laryngeal muscle tension. Pemberton and colleagues[24] found that the 
larynx tends to rise with ascending pitch glides and lower with descending pitch glides. There is no clear rule for differentiating normal from excessive vertical change with speaking or singing; it remains a decision based on clinical 
experience and tradition.

Supraglottic Activity

Supraglottic activity includes tremor of the laryngeal complex or pharynx, other involuntary contractions (e.g., myoclonic movements), or compression of the supraglottic structures. Supraglottic movements help tease apart neurologic and 
functional voice disorders; tremor and myoclonic movement are evidence of a neurologic disorder, whereas sustained compression is more typically found in functional disorders. Compression is often categorized by direction 
(anteroposterior or lateromedial) and frequency (constant or intermittent). Anteroposterior (AP) compression during phonation is shown in Figure 86-3 , and lateromedial compression is shown in Figure 86-4 . In the Stroboscopy Evaluation 
Rating Form, Poburka[26] displays a superior view of the vocal folds with superimposed concentric circles. Raters estimate the degree of constriction by selecting the circle that best 

 
Figure 86-3 A, Vocal folds during respiration. B, Vocal folds with anteroposterior constriction during phonation. 

 

Figure 86-4 A, Vocal folds during respiration. B, Vocal folds with lateromedial constriction during phonation. 



 
 

Box 86-2. SAMPLE PROTOCOL FOR LARYNGEAL VIDEOSTROBOSCOPY. THE ITEMS MARKED 
WITH AN ASTERISK (*) ARE COMPLETED ONLY IF USING A FLEXIBLE ENDOSCOPE.

Sustained "ee" at normal pitch, normal loudness (several) 
 
Sustained "ee" on inhalation 
 
Glide, mid-range to high, sustaining the high note 
 
Glide, mid-range to low, sustaining the low note 
 
Quiet "ee" 
 
Loud "ee" 
 
Sustained "ee" at normal pitch, normal loudness, using locked mode 
 
Trial therapy or laryngeal manipulation, as needed 
 
Consensus Auditory Perceptual Evaluation for Voice sentences* 
 
The blue spot is on the key again. 
 
How hard did he hit him? 
 
We were away a year ago. 
 
We eat eggs every Easter. 
 
My mama makes lemon muffins. 
 
Peter will keep at the peak. 
 
Singing tasks, as needed* 
 
Humming or other trial therapy tasks, as needed* 
 

 
 
Phonation on inhalation is useful when supraglottic constriction interferes with visualization of the vocal folds.[28] It also shows edema or lesions of the inferior compartment of the vocal-fold edge.

The pitch glides are used to evaluate vibration patterns at different points in the frequency range. Ascending pitch glides and high-pitch phonation highlight mid-membranous edema and stiff or scarred segments along the edge. Bilateral and 
symmetric lengthening of the folds confirms that gross cricothyroid muscle function is intact.

The locked phase is useful for assessing the regularity of vibration, which is the extent to which one vibration cycle is a similar length to the next. It is also useful for highlighting lesions of the vocal-fold edge. Most stroboscopy systems have 
foot-pedal control of the phase so that the examiner can select the point in the cycle that best shows the lesion.

When the flexible endoscope is used, connected speech should be an examination task. The sentences included in the Consensus Auditory Perceptual Evaluation for Voice[2] are a good standard sample, because each sentence has different 
characteristics. "The blue spot is on the key again" contains all of the
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vowel sounds in English; "How hard did he hit him?" emphasizes easy onset; "We were away a year ago" is all-voiced; "We eat eggs every Easter" elicits hard glottal onsets; "My mama makes lemon muffins" uses nasal sounds; "Peter will 
keep at the peak" is loaded with voiceless plosive sounds. If the patient's concern is related to the singing voice, that should also be assessed during the examination using glides, vocal eases, and songs.

Trial (probe) therapy techniques are often used during a flexible examination to "unload" the larynx or change vibration patterns for a more accurate diagnosis; they are also helpful to assess potential for change and to guide therapy. There 
are many such techniques, and some of the most useful are listed here. Pitch and loudness changes and phonation on inhalation were described earlier. Humming can alter glottic closure, symmetry, and regularity or decrease supraglottic 
activity. Twang, sighs, or descending glides with high airflow can alter laryngeal tilt or change the closure pattern. Trills, breathy voice, coughing, pushing, abdominodiaphragmatic onsets, and visual feedback are also useful probes. Leonard 
and Kendall[21] describe the combination of a traditional voice evaluation and flexible endoscopy as a "phonoscopic" evaluation. In a retrospective study of 100 cases, the findings from the phonoscopic evaluation differed from the findings of 
the referring physician in 42 cases. In an additional 32 cases, the findings were consistent with the referral diagnosis, but the phonoscopic examination provided additional detail (e.g., there was indeed hyperfunction, but it appeared as a 
result of an underlying pathology such as bowing or a lesion).

Closure Pattern

Closure pattern is described by the shape of the glottic gap at maximum closure during stroboscopy. Typical patterns are complete ( Figure 86-5, A ), posterior gap ( Figure 86-5, B ), incomplete anterior gap ( Figure 86-5, C ), spindle gap 
( Figure 86-5, D ), hourglass ( Figure 86-5, E ), irregular, and variable. With complete closure, there is no space between the folds; this is the most common closure pattern for men,[30] and it occurs in some women at NPNL or with increased 
loudness.[30] [31] [32] 

A posterior glottic gap can vary from small to large, and the extent of the gap should be indicated. Posterior glottic gap is the one of the most common closure patterns for women,[8] [22] [30] and it might be a normal variant for men.[30] The gap is 
typically limited to the space between the cartilaginous folds during NPNL, but it can extend into the membranous folds during quiet productions.[30] Rammage, Morrison, and Nichols[28] categorize extended glottic gap as a laryngeal isometric 
pattern of muscle tension dysphonia.

An incomplete closure pattern occurs when the gap extends for the entire length of the folds. Incomplete 

 
Figure 86-5a Glottal closure and gap patterns. A, Complete closure; B, posterior glottic gap; 

 

Figure 86-5b C anterior glottic gap; D, spindle-shaped gap; and E, hourglass-shaped gap. 



 

Figure 86-6 A, Complete glottic closure. B, Maximum amplitude of vibration/excursion. 

 

Figure 86-7 Olympus P4 flexible laryngoscope. 



 

Figure 86-8 Integrated Pentax videolaryngoscope. The eyepiece has been replaced by a direct connection to the video camera. 

 

Figure 86-9 Nagashima light stroboscopic light source and rigid laryngeal telescope. 

 

Figure 86-10 Example of a well-organized single cart containing the equipment necessary for documentation of a laryngeal examination. Photograph courtesy of Kay Elemetrics. 



 

Figure 86-11 Adapter rings and coupler for attaching endoscopes to a digital camera. Left to right, lens adapter tube for digital camera, 43- to 55-mm adapter ring, and endoscope coupler. 
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Chapter 87 - VOICE ANALYSIS

Robin A. Samlan 

INTRODUCTION

Voice is a complex phenomenon that is produced by interactions among the respiratory, laryngeal, and resonance subsystems. Describing vocal function and evaluating voice problems are, likewise, complex tasks. The focus of this chapter is 
the perceptual, physical, and physiologic examination of the voice and its components. The patient history and videostroboscopy, which are the two other components of the voice evaluation, are detailed in other chapters.

Both research and clinical needs factor into decisions of whether and how to measure voice. From a research perspective, voice measurements can improve our understanding of voice production, help identify links between laryngeal disease 
and voice production, and document change with interventions. In the clinical arena, vocal function measures are used in both the diagnosis and treatment of voice disorders. Vocal function testing helps clinicians document the status of the 
glottal tone and the supraglottic vocal tract, characterize the type and severity of the voice disorder, and explain discrepancies between voice quality and stroboscopic evaluation by providing cycle-to-cycle information that is not available 
with stroboscopy. Vocal function measures can help the voice care team determine treatment goals and can be used as visual feedback during behavioral treatment. Repeated testing over time allows clinicians to monitor and document 
changes that result from treatment and also to monitor disease progression or recurrence.

Many of the instrument-based tests yield numbers, and it is therefore tempting to view the results as "objective," but the examiner influences results by selecting the stimulus, the token, the measure, and the equipment. Results of vocal 
function testing should therefore be interpreted in the light of these factors. To be considered reliable, measures must be made using standard protocols, recording procedures, patient instructions, and test environments. It would be simple if 
there was one measure that accurately categorizes all voices; however, voice quality is multidimensional, and attempting to describe it with one number would be simplistic. Generally the solution is to select a group of measures that capture 
various aspects of the voice, such as quality, loudness, and pitch.

In the discussion that follows, several voice measures are described. They are divided into three categories: patient scales, perceptual evaluation, and measures. Within each category, measures can reflect typical voice use or maximum 
performance capabilities.

PATIENT SCALES

Individuals have different requirements and expectations of their voices; it is therefore likely that the same degree of dysphonia will differentially affect peoples' abilities to function in their typical activities. Therefore, as part of a complete 
voice evaluation, the effect of the voice problem on each individual's life should be assessed. Patient measures are scales completed by the patient and sometimes a caregiver or significant other. These scales typically measure patient 
satisfaction, quality of life, general health, handicap or loss as a result of the voice disorder, and some aspect of voice production (e.g., ease of phonation, effort, quality). Reflecting a shift in society's expectations from healthcare, several 
scales specific to voice have been published over the last decade, including the Voice Handicap Index,[44] the Voice-Related Quality of Life scale,[41] the Voice Activity and Participation Profile,[53] the Voice Symptom Scale,[19] the Reflux 
Symptom Index,[9] the Patient Questionnaire of Vocal Performance,[15] and the Voice Outcome Survey.[23] The scales are all completed by the patient and reflect the patient's perception of the problem and its consequences; they vary in length, 
construction, and what they assess. A summary of each scale is included in the chapter; details and information about scale construction can be found in the reference articles listed. A synopsis of the scales can be found in Table 87-1 .

2009

Voice Handicap Index

The Voice Handicap Index (VHI)[44] was designed to assess handicap, defined as "a social, economic, or environmental disadvantage resulting from an impairment or disability."[94] The instrument consists of 30 statements that patients rate on a 
five-point equal-appearing interval scale that reflects the frequency of occurrence. The total possible score is 120, with higher scores reflecting greater handicap. The total scale can be divided into three subscales: functional, physical, and 
emotional. Since its publication in 1997, this instrument has been widely used to show voice handicap in specific groups of patients, comparisons between handicap and vocal function measures, and change with treatment. * The index can be 
found in Figure 87-1a and Figure 87-1b .

Voice-Related Quality of Life

The Voice-Related Quality of Life (V-RQOL) scale[41] comprises 10 items divided into physical functioning and social-emotional functioning subscales. Each item is scored on a five-point interval scale that reflects the degree of problem. For 
the subscales and the total score, 100 is the highest possible score and reflects the highest quality of life. The instrument is reprinted in Figure 87-2 .

Voice Activity and Participation Profile

The Voice Activity and Participation Profile (VAPP)[53] was constructed in response to the World Health Organization's 1997 revision (ICIDH-2 Beta-1)[95] of the  

TABLE 87-1 -- PATIENT SCALES

Scale Abbreviation Total Items Domains

Voice Handicap Index[44] VHI 30 Function, physical, and emotional

Voice-Related Quality of Life[41] V-RQOL 10 Physical and social-emotional functioning

Voice Activity and Participation Profile[53] VAPP 28 Severity, effect on job, daily communication, social communication, and emotion



Voice Symptom Scale[19] VoiSS 43 Communication problems, throat infection, psychosocial distress, voice sound and 
variability, and phlegm

Reflux Symptom Index[9] RSI 9 Symptoms associated with laryngopharyngeal reflux

Patient Questionnaire of Vocal Performance[15] VPQ 12 Physical, social, and emotional

Voice Outcome Survey[23] VOS 5 Symptoms associated with unilateral vocal fold paralysis
 
International Classification of Impairments, Disabilities, and Handicaps 1980 framework. [94] The profile consists of 28 items that represent the severity of the voice problem and its effect on job, daily communication, social communication, 
and emotions. The three middle sections address 10 different speaking situations using a pair of questions about the extent of limitation in daily activities and the extent of restriction of participation in the corresponding activity. Each item is 
scored using a 10-cm visual analog scale on which the left end is labeled "never" and the right end "always." Several subscores can be calculated and reflect activity limitation and participation restriction for the different sections.

Voice Symptom Scale

The Voice Symptom Scale (VoiSS)[19] is an instrument in progress. In its current form, patients rate 43 items on a five-point equal-appearing interval scale that reflects frequency of occurrence. Questions represent five aspects (or domains) of 
voice pathology: communication problems, throat infection, psychosocial distress, voice sound and variability, and phlegm.

Other Patient Scales

The Reflux Symptom Index (RSI), the Patient Questionnaire of Vocal Performance (VPQ), and the Voice Outcome Survey (VOS) are more limited in scope. The RSI is made up of nine items and is designed to document patient symptoms 
of laryngopharyngeal reflux.[9] The VPQ is a 12-item scale designed to assess the physical, social, and emotional impacts of a nonorganic voice disorder.[14] [15] The VOS is a five-item

*References [10] [42] [62] [63] [66] [68] [69] [74] [76] . 
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Figure 87-1a 

2011

 
Figure 87-1b Voice Handicap Index (VHI). From Jacobson GH and others: The Voice Handicap Index (VHI): development and validation, Am J Speech Lang Pathol 6:70, 1997. Used with permission. 



 

Figure 87-2 Voice-Related Quality of Life (V-RQOL). From Hogikyan ND, Sethuraman G: Validation of an instrument to measure voice-related quality of life (V-RQOL), J Voice 13:69, 1999. Used with permission. 

 

TABLE 87-2 -- GRBAS SCALE FOR AUDITORY PERCEPTUAL ASSESSMENT

Parameter Hirano Definition[33] Definition from NCVS Summary Statement[81] 

Grade (G) Overall severity  

Rough (R) Psychoacoustic impression of irregular vocal fold vibration An uneven, bumpy quality that appears to be unsteady for the short term but stationary over the long term; 
acoustically, the waveform is often aperiodic, with the modes of vibration lacking synchrony, but voices with 
subharmonics can also be perceived as rough.

Breathy (B) Psychoacoustic impression of air leakage through the glottis A quality of containing the sound of breathing (expiration) during phonation; acoustically, breathy voice, like 
falsetto, has most of its energy in the fundamental, but a significant component of noise is present due to turbulence 
in the glottis; in hyperfunctional breathiness, air leakage may occur in various places along the glottis, whereas, in 
normal voice, air leakage is usually at the vocal processes.

Asthenic (A) Weakness or lack of power in the voice A voice that appears too low in effort, weak; hypofunction of laryngeal muscles is apparent.

Strained (S) Psychoacoustic impression of a hyperfunctional state of phonation A voice that appears effortful; visually, hyperfunction of the neck muscles is apparent; the entire larynx seems 
compressed.

 
described by Hirano,[33] the "G" represents grade or overall quality. The other four letters represent dimensions of voice quality: "R" for roughness, "B" for breathiness, "A" for asthenia, and "S" for strain. Descriptions of each parameter are 
given in Table 87-2 . Each parameter is rated on a 4-point scale: 0 means that there is no deficit in this parameter, 1 is for a mild deficit, 2 is for a moderate deficit, and 3 refers to a severe deficit.

 
 

Box 87-1. AUDITORY PERCEPTUAL SCALES

GRBAS: Grade, Roughness, Breathiness, Asthenia, and Strain 
 
CAPE-V: Consensus Auditory-Perceptual Evaluation—Voice 
 
VPA: Vocal Profile Analysis 
 

 
 
CAPE-V

The Consensus Auditory-Perceptual Evaluation—Voice (CAPE-V) is a modification of the GRBAS scale that was developed from a consensus conference sponsored by the American Speech-Language-Hearing Association Special Interest 
Division 3, Voice and Voice Disorders.[1] Six core and optional examiner-selected parameters are rated on a visual analog scale. The clinician uses a tick mark to rate function on a 100-mm line and then measures the distance from the left end 
of the line to
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establish a score; higher scores reflect a more severe handicap. iHiThe core parameters are overall severity, roughness, breathiness, strain, pitch, and loudness. The judged parameters are identified as consistent or intermittent, and resonance 
differences are noted. The 

 
Figure 87-3 CAPE-V. From American Speech-Language-Hearing Association, Special Interest Division 3, Voice and Voice Disorders: Consensus Auditory-Perceptual Evaluation of Voice (CAPE-V), 2003: Instrument in preparation. Available at: http://www.asha.org.proxy.hsclib.sunysb.edu/about/membership-certification/divs/div_3.htm. Accessed March 3, 2004. 

CAPE-V is to be scored from two sustained vowels, six standard sentences, and at least 20 seconds of natural running speech. Recommendations about testing and recording environments are included. A copy of the rating form is reprinted 
in Figure 87-3 .
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VPA

The Vocal Profile Analysis (VPA) system represents an entirely different perspective and framework for assessing voice quality. Developed by John Laver and Janet MacKenzie-Beck,[50] [51] the VPA approaches voice quality from a phonetic 
perspective. The voice is profiled according to 18 supralaryngeal (e.g., "raised larynx," "close jaw") and eight phonatory (e.g., "whispery voice," "creaky voice") settings. Each setting is first determined to be neutral or nonneutral. All 
nonneutral settings are then scaled according to degree of variance from neutral.

Other Aspects of Speech Production

Imprecise articulation, resonance, and prosody disturbances should be noted, because they often indicate structural or neurologic disorders that affect the voice. Resonance is described as hypernasal, hyponasal, or cul-de-sac. Prosody refers 
to rate, repeated or prolonged syllables, rushes of speech, decreased intonation (i.e., monopitch or monoloudness), and stress patterns, which are described as reduced, equal, or excess stress.

General Comments

Auditory perceptual ratings are appealing because the ultimate goal of voice treatment is to improve voice quality. Unfortunately, voice quality is difficult to define, no standard definitions exist, definitions are frequently circular and/or 
invalid, it is difficult to differentiate between related qualities, people have different internal representations of parameters and severity, and univariate ratings do not often correlate well with global ratings or measurements (for a detailed 
discussion, see Kreiman and Gerratt[48] ). In addition, the perceptual judgments of quality do not provide information about how the larynx works to produce voice,[11] and they do not differentiate between structure and function.

Ratings can be influenced by the listener's expectation, training, and frame of reference. Listener expectations become an obvious problem when the rater is the same person who treated the patient. For most auditory perceptual rating 
systems, "normal" is defined by the individual listener. The listener compares a voice to an internal representation of normal and then judges the degree of deviation. In many research studies, an anchor is presented to the listener and then 
other samples are judged in comparison with this anchor. Using an anchor and training raters generally improve interjudge reliability.[16] [48] Ratings of overall quality tend to be more reliable than unilateral dimensions such as breathiness or 
strain. To decrease potential bias, perceptual judgments can be made from randomized recordings rather than in person. This solution is imperfect, because it is time consuming and rarely feasible in a busy clinical environment. In fact, 
judgments made from recordings can have their own sources of error; they are influenced by the quality of the recording, the recording environment, and the listening environment.

Visual Perceptual Evaluation

Voice evaluation must include the documentation of visible aspects of voice production and physical factors that can relate to etiology, maintenance, or effect of dysphonia. Koschkee and Rammage[47] have divided the visual perceptual 
examination into five categories: general appearance; posture, breathing, and musculoskeletal tension; neurologic dysfunction; physical dysmorphology; and clinical manifestations of disease. A brief description of each follows, and more 
complete descriptions of each area can be found in the reference chapter.[47] The categories are summarized in Box 87-2 .

General Appearance

General appearance includes such factors as age; height and weight; facial expression; skin, hair, and nails; personal hygiene and dress; and head and neck observations. An overall examination of the patient's physical status can help the 
examiner identify potential areas of concern. The patient's chronologic age is compared with their apparent age, and voice and speech factors that contribute to differences are noted. The patient's physical stature can also be a consideration. 
When patients are overweight, underweight, or have experienced rapid weight change, an underlying physical or psychological condition may be responsible for the change in voice quality. Facial expression can indicate affective state, pain, 
or some neurologic disorders (e.g., the "masked face" of Parkinson disease). Changes in skin, hair, and nails can indicate systemic disease that may affect voice quality. Inattention to personal hygiene and dress can be indicative of an 
emotional disorder or dementia. Head and neck observations include the presence of staining on the teeth as a result of smoking or coffee consumption and evidence of previous surgeries that may affect either voice or resonance.

 
 

Box 87-2. VISUAL PERCEPTUAL EVALUATION

General appearance 
 
Posture, breathing, and musculoskeletal tension 
 
Neurologic dysfunction 
 
Physical dysmorphology 



 
Physical manifestations of disease 
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Posture, Breathing, and Musculoskeletal Tension

Posture, breathing, and musculoskeletal tension are key components of a voice evaluation. Posture includes alignment of the head, neck, torso, pelvis, and legs. Patients may not present to a clinic using their typical posture, but they can 
usually demonstrate it when asked. To examine breathing, observe repeated breaths during rest and speech production. Very little motion of the neck, shoulders, and upper chest should take place. Musculoskeletal tension can be identified 
through limited jaw motion, jutting the chin forward, neck extension, bulging of the neck muscles while talking, or raised shoulders.

Neurologic Dysfunction

Neurologic dysfunction can affect movement, including speech and voice production. Unsteadiness, asymmetry, rigidity, hesitation, slowness, weakness, incoordination, inconsistency, and extraneous movements are clinical features that 
should trigger a complete neurologic assessment in addition to the voice evaluation. Weakness, asymmetry, and incoordination of the tongue, jaw, lips, or soft palate are especially noteworthy. The presence of focal dystonias, such as writer's 
cramp, blepharospasm, torticollis, or oromandibular dysphonia may prompt the examiner to consider a neurologically based voice disorder, such as spasmodic dysphonia.

Physical Dysmorphology

Physical dysmorphologies are common in patients with congenital disorders and patients who have undergone head and neck surgery. Both groups can have voice and speech problems either as a result of the underlying disorder or from 
compensatory movements.

Physical Manifestations of Disease

Physical manifestations of systemic illness or disease are important to note, because many diseases can affect vocal fold structure or function. A few examples include hypothyroidism, lupus, rheumatoid arthritis, scleroderma, and Sjögren's 
syndrome. Medications used to treat these disorders can also have significant effects on vocal function.

Tactile Perceptual Evaluation

The tactile perceptual evaluation includes the palpation of extrinsic laryngeal muscle tension and the physical examination of the breathing apparatus.

Extrinsic Laryngeal Muscle Tension

The manual examination of laryngeal musculoskeletal tension includes the palpation of the suprahyoid muscles, the major horns of the hyoid bone, the superior cornu and the lateral aspects of the thyroid cartilage, the thyrohyoid space, and 
the anterior border of the sternocleidomastoid. It is useful to assess suprahyoid tension and thyrohyoid space both at rest and during phonation. Lateral displacement of the thyroid cartilage is attempted.[2] [65] [67] Box 87-3 lists the key palpation 
points, and Figure 87-4 depicts this evaluation. Rammage, Morrison, and Nichol propose a slightly different protocol that includes palpating the suprahyoid, thyrohyoid, cricothyroid, and pharyngolaryngeal (inferior constrictor and posterior 
cricoarytenoid) muscles. [4] [61] Normal findings include space between the hyoid bone and the superior border of the thyroid cartilage and laryngeal complex mobility. Findings indicative of excessive musculoskeletal tension include pain with 
palpation (frequently more severe on one side), decreased or absent thyrohyoid space at rest or with phonation, muscle "knots," high carriage of the hyoid bone and thyroid cartilage, and difficulty rotating the larynx.[2] [4] [61] [65] [67] 

Diagnostic therapy to assess the effects of perturbing the larynx by changing configuration of the vocal tract is undertaken during voicing with several maneuvers: (1) pushing back of the suprahyoid musculature, hyoid bone, superior border 
of thyroid cartilage, thyroid notch, thyroid prominence, or anterior cricoid ring; (2) manual lowering of the thyroid cartilage with downward traction applied to the superior border of the thyroid cartilage; (3) manual lowering with medial 
compression of the thyroid cartilage; and (4) circumla-ryngeal massage using a circular motion over sites of focal tenderness or tautness.[2] [65] [67] Box 87-4 lists and Figure 87-5 show these maneuvers.

A drawback to the examination is that it is subjective, and examiner skill and experience likely affect ratings. In addition, there are currently no intra- or interexaminer reliability data for the technique, and the sensitivity and specificity of 
abnormal findings are unknown. Even with these apparent limitations, tactile perceptual evaluation is a powerful technique to use to rapidly assess the contribution of muscle tension to the observed voice quality. Trial therapy with these 
techniques demonstrates to the patient and clinician
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Figure 87-4 Manual musculoskeletal tension evaluation. A, Palpation of suprahyoid musculature. B, Palpation of major horns of the hyoid bone, superior cornu of the thyroid cartilage, and lateral aspects of the thyroid cartilage. C, Palpation 
of the thyrohyoid space. 



 
 

Box 87-3. TACTILE PERCEPTUAL EVALUATION: PALPATION SITES

Suprahyoid muscles 
 
Major horns of the hyoid bone 
 
Superior cornu of the thyroid cartilage 
 
Lateral aspects of the thyroid cartilage 
 
Thyrohyoid space 
 
Anterior border of the sternocleidomastoid 
 
Lateral displacement of the thyroid cartilage 
 

 
 
Physical Examination of the Breathing Apparatus

Physical examinations of the diaphragm,[38] the abdominal wall,[39] the and ribcage wall[40] have been described as components of the breathing apparatus assessment. The three reference articles thoroughly describe the

2017

 
Figure 87-5 Trial therapy maneuvers. A, Pushing back of the suprahyoid, hyoid, thyrohyoid space, thyroid notch, thyroid prominence, and anterior cricoid ring. B, Lowering of the thyroid cartilage. C, Lowering, with medial compression. D, 
Circumlaryngeal massage. 



 
 

Box 87-4. TACTILE PERCEPTUAL EVALUATION: TRIAL THERAPY MANEUVERS

Pushing back of suprahyoid muscles, hyoid bone, and thyroid cartilage 
 
Manual lowering of thyroid cartilage 
 
Manual lowering with medial compression 
 
Circumlaryngeal massage 
 

 
 
MEASURES

Measuring voice is accomplished using acoustic analysis, aerodynamic assessment, and source measures.

Acoustic Analysis

The acoustic signal produced as speech is quite complex. The components of this signal can be isolated and studied using a variety of techniques. Components of interest include the dimensions of frequency, amplitude (intensity), and time. 
Several commonly used techniques are described below. They are listed, along with their perceptual correlates, in Table 87-3 .



Frequency

One basic measure used for voice analysis is frequency. Frequency refers to the repeating cycles of vibration in the acoustic waveform. It is measured in cycles per second, also called Hertz (Hz). The perceptual correlate of frequency is 
pitch. In truth, there are many additional factors that contribute to perception of pitch, but frequency is the most salient one. A longer cycle of repeat (lower frequency) is perceived as  

TABLE 87-3 -- ACOUSTIC MEASURES AND THEIR PERCEPTUAL CORRELATES

Measure Perceptual Correlate

Frequency Pitch

Intensity Loudness

Voice range profile Interaction of pitch and loudness ranges

Variability measures Quality (e.g., roughness, breathiness, timbre)

Spectral displays Quality

Fast Fourier transform Quality

Linear predictive coding Quality

Long-term average spectrum Quality

Cepstral peak prominence Quality

Nasalance Hyper/hypo nasality
 

*References [36] [37] [56] [57] [71] [73] . 
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a lower pitch, and a shorter cycle of repeat (higher frequency) is perceived as a higher pitch. Altered pitch and restricted pitch range are common symptoms of voice disorders and can represent a significant concern for patients. Average 
speaking fundamental frequency and maximum phonational frequency range are the most common clinical tasks used to examine frequency. Normative values are influenced by intensity, speech sample, vowel type, age, and gender.[7] [75] 
Baken and Orlikoff[7] summarize results of frequency measures from many acoustic studies. On the basis of their summary tables, average speaking fundamental frequency ranges from approximately 100 to 125 Hz for normal adult men into 
their 70s and 190 to 225 Hz for normal adult women. The maximum phonation frequency range is frequently reported using a semitone scale, whereby perceived changes in pitch are equalized across the frequency range. The semitone scale 
corresponds with the musical scale, with 12 semitones in an octave.[7] Maximum phonational frequency range for men and women is typically two and a half to three octaves, or approximately 29 to 36 semitones.

Intensity

Intensity is the acoustic correlate of loudness. Again, many factors influence the perception of loudness, but intensity is the primary one. Intensity is measured as sound pressure level in decibels (dB) using a sound level meter or acoustic 
analysis equipment. Measurements are affected by frequency, vowel, speech sample, equipment, mouth-to-microphone (or sound level meter) distance, and ambient noise.[75] The most common measures are average speaking intensity 

 
Figure 87-6 Sample Voice Range Profile (VRP). 
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limits of the system and is very useful for tracking changes. Singers in particular often present with difficulty with specific pitch and loudness combinations (e.g., trouble singing quietly for particular notes), and the phonetogram helps 
document their concerns.



Variability Measures

Acoustic measures include those associated with cycle-to-cycle variability of the acoustic signal (perturbation) and ratios of harmonic energy to noise energy. The most well-known perturbation measures are jitter and shimmer. Jitter is the 
cycle-to-cycle variation in frequency, whereas shimmer is the cycle-to-cycle variation in intensity. Various measures of harmonics or signal to noise have been proposed, and many other measures have been suggested through the years. An 
excellent review of acoustic measures and algorithms can be found in a chapter by Buder.[13] Theoretically, measures that document variability in the sound wave should correspond well with perceived roughness or hoarseness. Unfortunately, 
how well the measures relate to voice quality ratings remains uncertain, * and no particular measure or group of measures has emerged as indispensable for the diagnosis of voice disorders.

The National Center for Voice and Speech published a summary statement in 1995 that reflected recommendations for how to perform and interpret perturbation analyses. Among the recommendations is the caution that acoustic waveforms 
should be visually inspected before analysis and rated according to the nature of qualitative changes of the signal.[81] Type 1 signals are nearly periodic, with no qualitative changes. Type 2 signals either do not have an obvious single 
fundamental frequency or have qualitative changes in the signal. Type 3 signals have no apparent periodic structure. According to Titze,[81] perturbation analysis has utility and reliability only for Type 1 signals. Type 2 signals should be 
analyzed using visual displays and Type 3 signals with perceptual ratings. Both high vowels (/i/ or /æ/) and low vowels (/α/ or /—/) should be used for perturbation analysis, collecting multiple tokens, and a variety of stimuli, such as 
sustained vowels, sustained consonants, pitch and loudness glides, adductory glides, register glides, counting, sentences, reading, picture description, parent-child speech, dramatic speech, and singing.

Spectral Displays

According to the source-filter theory of vowel production,[20] the vocal folds produce a signal with a fundamental frequency and multiples of that frequency, called harmonics. This source signal is modified by attenuation or amplification as it 
passes through the supraglottic vocal tract, which is called the filter. The vocal tract structures change position for different vowels, thus changing the shape of the filter. Therefore, each vowel has a unique pattern of resonant peaks of the 
vocal tract, which are commonly called formants.[7] Because the voice people hear is a combination of source and filter characteristics, the harmonics and the formants each tell part of the story of voice production.

A spectrogram is the most common visual depiction of an acoustic wave. It displays time on the x axis, frequency on the y axis, and amplitude on a gray scale. Changing the bandwidth of the analysis window allows us to view details of 
either the source or the filter. A narrow-band spectrogram, with its greater frequency resolution, emphasizes the fundamental frequency and the harmonics. A wide-band spectrogram, with its greater time resolution, highlights the formants. [7] 
Figure 87-7 is a narrow-band spectrogram and a wide-band spectrogram of /a epsilon i o u/. Spectrograms clearly show noise versus harmonic structure, tremor, phonation breaks, and pitch breaks. The relative amplitude of the first harmonic 
has been shown to correlate with ratings of breathiness.[30] [31] Spectrograms are useful for tracking change and can be used in real time during voice therapy for visual feedback.

Additional Acoustic Measures

FFT and LPC Spectra.

A Fast Fourier Transform (FFT) analysis converts the signal so that the individual frequencies that make up the sound of a narrow time band can be identified. The display shows frequency on the x axis and intensity on the y axis. A linear 
predictive coding (LPC) spectrum shows a smoothed line that highlights the formant structure but that again reveals the amplitude of a frequency for a narrow band of time. Figure 87-8 shows the FFT and LPC spectra for the marked location 
in the audio signal of a sustained /i/.

LTAS.

Long-term average spectra (LTAS) show the amount of energy at each frequency over a long period of time (e.g., a standard reading). Because the measure is averaged over such a long sample, the effects of speech context are minimized. 
Measurements of the LTAS typically compare the amount of energy in different frequency bands. The resultant values, which are often referred to as spectral tilt, indicate whether low or high frequencies dominate the spectrum.[49] 

CPP.

Cepstral peak prominence (CPP) has recently garnered some attention. [25] [26] [27] [59] It is a measure of signal periodicity that does not rely on fundamental frequency extraction, and it has been found to correlate

*References [5] [29] [32] [45] [54] [60] [75] [90] [91] . 

2020

 
Figure 87-7 A, Audio signal, B, narrow-band spectrogram, and C, wide-band spectrogram for /α epsilon i o u/. 



 

Figure 87-8 A, Audio signal of sustained /i/. B, FFT (jagged) and LPC (smooth line) spectra from the marked portion of the /i/. 

 

TABLE 87-4 -- AERODYNAMIC MEASURES AND THEIR PERCEPTUAL CORRELATES

Measure Perceptual Correlate

Subglottic air pressure Phonatory effort

Phonation threshold pressure Effort to initiate phonation

Airflow Breathiness

Laryngeal airway resistance Phonatory effort, vocal strength, strain

Velopharyngeal measures Nasal emission, strength of pressure consonants
 
Maximum Phonation Time

Maximum phonation time (MPT) has long been used as a measure of both breath support and phonatory efficiency. The maximum length of time a patient can sustain phonation, however, is not fully explained by either vital capacity or 
laryngeal function.[71] Multiple factors influence MPT, such as respiratory capacity and function, phonatory function (especially efficient valving of the airstream), resonance, practice, frequency, intensity, instructions, and, potentially, vowel 
choice. * It can take as many as nine to 15 trials for adults[77] and 20 trials for children [52] to achieve MPT. No standard instructions exist for the task, but the longest of three trials is often used clinically.[7] No group is homogenous. Even for 
healthy young adults, a range of 6.6 to 69.5 seconds is reported in the literature.[7] Because of the variety of influences and the differences between system demands for MPT and connected speech, the usefulness and accuracy of the measure 
are suspect,[71] especially if considered in isolation.[46] In general, it is preferable to measure laryngeal valving using other techniques (e.g., mean airflow, laryngeal airway resistance, videostroboscopy, and to measure respiratory capabilities 
using spirometry or chest wall measurements.

Subglottic Air Pressure

Subglottic air pressure (Ps) is a variable of interest, both in its own right and as a component of the laryngeal airway resistance calculation. A relatively constant Ps is required to sustain vocal fold vibration. For speech, air pressure is 
measured in cm H2 O (i.e., the amount of pressure necessary to elevate a column of water by a particular number of centimeters). Intraoral air pressure (Po) during a voiceless consonant (when the glottis is open) is an excellent estimate



*References [11] [71] [80] [84] [85] [96] [97] . 
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of Ps and can be measured noninvasively.[70] Intraoral air pressure is analyzed by visual inspection of the shape of the pressure peak and the length and magnitude of the peak. The Po should fall sharply with release of the consonant. The 
magnitude of a normal pressure peak varies with loudness, age, gender, consonant, and speech context.[7] Normative values of 6.43 cm H2 O (standard deviation, 1.07) for adult men and 7.52 cm H2 O (standard deviation, 2.17) for adult 
women are reported.[78] Abnormal values can indicate a lack of driving pressure, an incompetent or insufficient velopharyngeal or laryngeal valve, or increased vocal fold mass or stiffness. Intraoral air pressure is useful to document clinician 
perceptions of weak pressure consonants, such as with velopharyngeal incompetence or dysarthria.

Phonation Threshold Pressure

The minimum amount of Ps necessary to cause the vocal folds to vibrate is called phonation threshold pressure (PTP).[82] Procedures for collecting and measuring PTP have been described in detail by Verdolini and colleagues.[86] [87] [88] [89] In 
brief, repetitions of the syllable /pæ/ or /pi/ are produced as quietly as possible without whispering. The maximum values of several serial pressure peaks from /p/ are averaged to estimate the minimum Ps necessary to cause the vocal folds to 
vibrate. The measure is often collected at various percentages of the maximum fundamental frequency range, with PTP at high pitches showing sensitivity to increasing viscoelasticity of the vocal folds. Phonation threshold pressure has been 
helpful in the evaluation of subtle changes such as hydration/dehydration, vocal fatigue, and changes with vocal warm up.[21] [55] [72] [86] [87] [88] [89] The measure is useful for documenting a patient's perception of increased effort required to phonate, 
which is common with many voice disorders, including lesions, muscle tension dysphonia, and adductor spasmodic dysphonia.

Airflow

Airflow is a change in volume of air over a specific amount of time, and is measured as quantity (mL or L) per time (second or minute).[7] Mean airflow is commonly assessed during sustained phonation, although sometimes it is measured 
during connected speech. Airflow is typically measured using a pneumotachograph connected to a differential pressure transducer system; the pressure drop across a known resistance is then measured. Another common measurement system 
is the Rothenberg mask, which is a circumferentially vented mask with 1-cm holes that are covered with fine-mesh screens to act as resistance.[64] Airflow is measured using strain gauge differential pressure transducers. Airflow measures are 
influenced by gender, age, fundamental frequency, and intensity. Normal values for adult women range from 91 to 156 mL per second, with a standard deviation range of 16 to 71 mL per second.[7] Mean values for normal adult men range 
from 101 to 183 mL per second, with a standard deviation range of 16 to 77 mL per second.[7] Mean airflow is typically increased when there is poor vocal fold closure, such as for vocal fold motion impairment. [33] [34] The shape of the airflow 
trace can also be useful; it is common with motion impairment to see a burst of air at the beginning of phonation and low airflow by the end.[11] With hyperfunction, mean airflow might be reduced.[11] 

Laryngeal Airway Resistance

Laryngeal airway resistance (Rlaw ) is the ratio of translaryngeal air pressure to translaryngeal airflow.[7] Smitheron and Hixon[70] demonstrated that it can be estimated using Po and mean airflow from repetitions of the syllable /pi/ at a rate of 1.5 
syllables per second. Higher Rlaw can occur with increased intensity, a long closed phase, or an increased force of closure.[11] 

Aerodynamic Assessment of Velopharyngeal Function

The velopharyngeal system can be assessed aerodynamically using an airflow mask that covers only the nose to measure nasal airflow (Vn). Intraoral air pressure is measured during anterior stop consonants, as described earlier. Comparing 
the Vn and Po traces during a transition between nasal and stop consonants (e.g., "mp" in the word "pamper") shows the timing of the velopharyngeal closure. If the nasal cavity pressure is also measured, velopharyngeal orifice area can be 
calculated.[92] [93] 

Source Measures

Electroglottography

Electroglottography (EGG) measures the conductance of a low-frequency electric signal across the neck between two surface electrodes.[7] [11] [22] The conductance of the signal varies with the vibration of the vocal folds; when the vocal folds 
contact one another, conductance increases, and the resultant trace has a positive slope. As vocal folds separate, conductance decreases, and the trace has a negative slope. The traces display the degree of contact relative to the rest of the 
signal so that maximum contact does not indicate complete vocal fold closure. The waveform's shape is potentially meaningful for describing the pattern of vocal fold vibration. Baken and Orlikoff[7] summarize a variety of EGG shapes and 
the corresponding glottic cycles. Specific measures of increasing contact, decreasing contact, and speed quotients have been proposed over the years, but some researchers question their validity.[6] 
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In EGG, abnormalities in the signal are not always the result of abnormalities in vocal fold motion; the signal can be affected by the placement of electrodes, movement of the larynx during phonation, irregularities of neck tissue, and mucous 
bridges. Even given its limitations, EGG is an excellent measure of fundamental frequency and offers a unique opportunity to study the vocal fold vibration without any influence of supraglottic structures or shaping. It is noninvasive, 
relatively inexpensive, and can be used at the same time as other measures (e.g., airflow, videostroboscopy).

Inverse Filtered Flow

In inverse filtered flow, the effects of the vocal tract (resonances) are filtered out of either the acoustic or aerodynamic waveform, and the glottic source signal is left. From this trace, several measures can be made, including skewing quotient 
(the ratio of the positive slope to the negative slope) and open quotient (the ratio of the time open to the period of the waveform).[82] Inverse filtered airflow presents the advantage of assessing individual glottal cycles. The primary 
disadvantages are that it can only be measured on a sustained sound and that the validity of the measure relies on correctly setting the filters, which can be a technically challenging task.

SUMMARY



Voice evaluation and measurement should be multidimensional, reflecting the complexity of the voice and communication. Voice analysis includes patient scales, perceptual evaluation, and measures. Individual measures are influenced by 
many factors that need to be understood by the clinician or researcher before interpreting. Each of the measures addresses a piece of the puzzle, and none stands alone as the perfect measure for all questions. A set of measures should be 
selected that documents the patients' particular concerns or that parallels the question that is of interest to the examiner. The development of standard protocols and testing conditions across centers will improve the ability of clinicians and 
researchers to communicate and hasten further understanding of the human voice.
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Chapter 88 - DIAGNOSTIC IMAGING OF THE LARYNX

Franz J. Wippold II 

INTRODUCTION

The opinions and assertions contained herein are the private views of the authors and are not to be construed as official or as reflecting the views of the Department of Defense.

The radiologist plays an important role in the evaluation of upper airway disorders in children and adults by providing unique and useful diagnostic information directly affecting the treatment of the patient.[99] [149] In the past, evaluation of the 
airway included plain-film radiography, barium studies, and fluoroscopy. Now, computed tomography (CT) and magnetic resonance (MR) imaging have become the procedures of choice for defining mass lesions and traumatic 
abnormalities. These procedures can supplement the findings at laryngoscopy when additional diagnostic information is required to plan treatment.

NORMAL AIRWAY

Technique

Plain films remain an effective and inexpensive screening examination for acute airway obstruction. Except in rare circumstances, plain-film examination of the airway should include anteroposterior and lateral radiography of the pharynx 
and laryngotracheal air column. In cooperative patients, these films should be exposed during inspiration with the patient upright, because acute respiratory obstruction may be exacerbated in the recumbent position. Although conventional 
soft-tissue techniques are often adequate, a high-kilovoltage magnification technique with selective filtration better visualizes the airway with improved air/soft-tissue interfaces. [79] [90] [102] Xeroradiography has largely been abandoned in clinical 
practice.[35] [131] When plain films are inconclusive, fluoroscopy and barium studies of the esophagus may be required for diagnosis. Abnormal vocal cord motion or swallowing mechanisms, vascular impressions, mass lesions, or nonopaque 
foreign bodies are best evaluated by these methods. Cross-sectional imaging may also be helpful in chronic airway disease.

Anatomy

Lateral radiography is excellent for identifying the tongue, adenoids, tonsils, epiglottis, aryepiglottic folds, pyriform sinuses, laryngeal ventricle, and subglottic trachea ( Figure 88-1,A ). The anteroposterior airway is superb for examining the 
glottic and subglottic areas ( Figure 88-1, B ). During quiet inspiration, the vocal cords are abducted, and the width of the upper airway almost equals that of the trachea. During phonation of the vowel "e," the vocal cords adduct, resulting in 
narrowing of the glottic area. However, narrowing of the subglottic area should be considered abnormal.

The airway may show considerable variability in children, unlike in adults. Therefore, knowledge of the normal airway anatomy is essential before attempting to recognize pathology. This requires that the patient be properly positioned for 
the study. Lateral airway radiography should be obtained as much as possible in full inspiration with the neck extended. If the study is performed during expiration or with forward flexion of the neck, the retropharyngeal soft tissue in 
children bulges anteriorly and may simulate a retropharyngeal mass ( Figure 88-2 ).[13] 

The size of the adenoids and tonsils in children and irregular cartilage ossification in adults can present significant problems in evaluation of the airway. In newborns and infants, the tonsils and adenoids are normally sparse; lymphoid tissue 
can be identified radiographically in all children at 6 months of age.[16] After age 6 months, the tonsils and adenoids vary considerably in size and may encroach on the nasopharynx or oropharynx, suggesting a pathologic soft-tissue mass. In 
most cases, these structures, even when large, are normal and are frequently noted as incidental findings on skull or spine radiography. Occasionally, however, they can be associated with airway obstruction ( Figure 88-3 ).[44] [94] The adenoids 
are largest at 7 to 10 years of age and then decline by the seventh decade.[168] In most instances, adenoidal size can be evaluated
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Figure 88-1 A and B, A healthy upper airway in a 20-month-old child. The following structures are well visualized: palatine tonsils (1), epiglottis (2), body of the hyoid bone (3), aryepiglottic folds (4), laryngeal ventricle (5), subglottic 
airway (6), vallecula (V), and pyriform sinus (P). 

 

Figure 88-2 Pseudoretropharyngeal mass. A, A retropharyngeal mass (M) is suggested in this child, who was examined with the neck flexed and the airway only partially distended. B, Healthy retropharyngeal soft tissue is seen when the 
examination is repeated during inspiration with the neck extended. 

 

Figure 88-3 Tonsillitis. Lateral view shows enlarged palatine tonsils (T). 



 

Figure 88-4 Volume-rendered three-dimensional image of the normal epiglottis (E) and normal vocal cords (arrowheads) derived from multirow detector spiral CT data. (Case courtesy of Dr. Elizabeth McFarland.) 

 

Figure 88-5 Epiglottitis. Marked thickening of the epiglottis (arrow) and aryepiglottic folds (arrowheads) is seen. Mild hypopharyngeal overdistention is also present. 

 

Figure 88-6 Sarcoidosis. Marked enlargement of the epiglottis (arrow) is present. Arrowhead points to normal calcification in the posterosuperior aspect of the cricoid cartilage. 



 

Figure 88-7 Croup. Frontal view shows typical funnel-shaped subglottic narrowing (arrows). 

 

Figure 88-8 Membranous croup. Multiple irregular membranes (arrows) are present in the subglottic airway. 

 

Figure 88-9 Retropharyngeal abscess secondary to foreign body perforation of the esophagus. The prevertebral soft tissues are markedly swollen, and the trachea is displaced anteriorly (small arrows). Large arrow points to a metallic 
foreign body. 

 

Figure 88-10 Retropharyngeal abscess. Enhanced CT image of the neck demonstrates a fluid collection in the left retropharyngeal space (arrowheads). 



 

Figure 88-11 Left true vocal cord paralysis. A, During phonation, both vocal cords are in a paramedian location (arrows). B, During inspiration, the left true vocal cord remains in a paramedian position (arrow), whereas there is abduction of 
the normal right true vocal cord. 

 

Figure 88-12 Left true vocal cord paralysis secondary to squamous cell carcinoma. A, Chest radiography shows an irregular cavitary mass (arrow) in the left upper lobe. B, Computed tomography shows a 3-cm mass (M) in the 
aortopulmonary window flattening the left side of the trachea (T). The ascending aorta (AA), descending aorta (DA), and superior vena cava (V) are also seen. (From Glazer HS et al: Extralaryngeal causes of vocal cord paralysis: CT 
evaluation, Am J Roentgenol 141:529, F3A, B 1983.) 

 

Figure 88-13 Subglottic hemangioma. Lateral view shows a soft-tissue mass (arrows) in the posterior portion of the subglottic airway. 



 

Figure 88-14 Laryngotracheal papillomatosis. Oblique view from a bronchogram shows multiple nodules (arrows) of varying sizes in the glottic and subglottic airway. 

 

Figure 88-15 Mixed laryngocele. Frontal view shows the large internal (I) and external (E) components of the laryngocele with compression of the supraglottic airway (arrows). 

 

Figure 88-16 Internal laryngocele. Computed tomography shows the air-filled laryngocele (L) filling the right paraglottic space and compressing the laryngeal vestibule (V). The hyoid bone (H) is also seen. 



 

Figure 88-17 Bilateral mixed laryngoceles. A, Computed tomography (CT) shows a fluid-filled dumbbell-shaped cyst with intralaryngeal and extralaryngeal components on the left. Smaller air-filled laryngocele is seen on the right. B, 
Reformatted coronal CT shows both laryngoceles herniating through the thyrohyoid membrane. The hyoid bone (H) and thyroid cartilage (T) are also seen. 

 

Figure 88-18 Combined PET/CT image of the neck demonstrating increased PET activity (arrowheads) superimposed on the corresponding CT image. The increased PET activity indicates hypermetabolic tumor. The CT image allows 
accurate anatomic localization of this tumor. 

 

Figure 88-19 Normal anatomy on computed tomography showing supraglottic larynx after intravenous contrast injection. A, The two air-filled valleculae (V) separated by the median glossoepiglottic fold are seen anterior to the epiglottis 
(arrows). The jugular vein (j), internal carotid artery (i), external carotid artery (e), sternocleidomastoid muscle (s), and hyoid bone (H) are also seen. B, Eight millimeters inferiorly, a fat-containing preepiglottic space (PES) anteriorly 
contrasts with the soft-tissue density of the epiglottis (arrow). The fat in the preepiglottic space extends posterolaterally into the paralaryngeal (paraglottic) space (PLS). The aryepiglottic folds (arrowheads) separate the air-containing 
pyriform sinuses (P) and the laryngeal vestibule (Ve). 

 

Figure 88-20 Normal anatomy of the supraglottic larynx on magnetic resonance imaging. A, A fat-filled preepiglottic space (PES) is anterior to the epiglottis (arrows). The internal carotid artery (c) and internal jugular vein (j) are also seen. 
Fat on this sequence is higher in signal intensity than the epiglottis or muscle. B, Five millimeters inferiorly, the pyriform sinuses (P) are lateral to the aryepiglottic folds (arrowheads). 



 

Figure 88-21 Normal anatomy of the false and true vocal cords on computed tomography. A, The false vocal cords (arrows), medial to the fat-containing paraglottic space, lie at the level of the foot processes (f) of the arytenoid cartilages. 
The superior thyroid notch (arrowhead) is noted anteriorly between the thyroid laminae. The thyroid cartilage is incompletely calcified, which is a normal variation that should not be mistaken for cartilage destruction. The jugular vein (J) 
and carotid artery (C) are also seen. B, Four millimeters inferiorly, the true vocal cords (white arrow) are seen at the level of the vocal processes (arrowhead) of the arytenoid cartilages (A), located superolateral to the upper posterior border 
of the cricoid cartilage (Cr). Thyroid lamina join anteriorly to form the laryngeal prominence. The soft tissues at the anterior commissure (black arrow) are normally less than 2 mm in thickness. 

 

Figure 88-22 Normal anatomy of the true vocal cords on magnetic resonance imaging. The true cords (arrowheads) are soft-tissue intensity. The arytenoids (small arrows) and thyroid lamina (curved arrow) are seen as high-signal intensity 
on this sequence because of fatty marrow. The superior portion of the cricoid is also shown (arrow). 

 

Figure 88-23 Normal anatomy of the midsagittal plane on magnetic resonance imaging. Epiglottis (white arrow), fat-containing preepiglottic space (black arrow), extrinsic strap muscles (black arrowhead), arytenoid cartilages and muscles 
(small black arrowhead), hyoid bone (curved black arrow), and cricoid cartilage (curved white arrow) are shown. The soft palate (S), tongue (T), and spinal cord (C) are also seen. 



 

Figure 88-24 Normal anatomy of the subglottic level on computed tomography. The cricoid ring is almost complete, except in the area of the cricothyroid membrane anteriorly (arrow). Note that the circular subglottic airway is in close 
apposition to the cricoid cartilage. 

 

Figure 88-25 Normal anatomy of the subglottic level on magnetic resonance imaging. Fat-containing cricoid surrounds the airway (arrow). 

 

Figure 88-26 Normal anatomy of the coronal plane on magnetic resonance imaging. Cricoid cartilage (large black arrowhead), thyroid cartilage (small black arrowhead), true cords (white arrowhead), and aryepiglottic folds (white arrow) 
are shown. 

 

Figure 88-27 Localized true vocal cord carcinoma on computed tomography. A neoplasm diffusely thickens the right true vocal cord (arrowhead). CT more interiorly showed no subglottic extension. 

 

Figure 88-28 True vocal cord carcinoma with involvement of anterior commissure on computed tomography. Tumor of the left true vocal cord (arrowhead) extends anteriorly to involve the anterior commissure (arrow). 

 

Figure 88-29 Subglottic extension of true vocal cord tumor on computed tomography. Soft-tissue thickening (arrows) is seen between the subglottic airway and the left anterior cricoid ring. (From Sagel SS: Larynx. In Lee JKT, Sagel SS, 



Stanley RJ (eds): Computed Body Tomography, New York, Raven Press, p48, F25, 1983.) 

 

Figure 88-30 Magnetic resonance imaging of subglottic extension of carcinoma shows high signal in an extensive neck mass (arrow). Subglottic extension (arrowhead) impresses the tracheal air column. 

 

Figure 88-31 Thyroid cartilage destruction on computed tomography. A large neoplasm involving the anterior commissure destroys both thyroid alae anteriorly (arrows) and extends into the adjacent soft tissues. A small bony fragment can 
be seen within the tumor (arrowhead). 

 

Figure 88-32 T1-weighted magnetic resonance imaging shows thyroid cartilage destruction. An extensive carcinoma (m) envelops the thyroid cartilage destroying anterior portions (arrow). The invaded lateral cartilage has lost its 
hyperintensity because of tumor replacement (arrowheads). 

 

Figure 88-33 Epiglottic carcinoma on computed tomography. A tumor produces thickening of the right side of the epiglottis (arrow) at the level of the hyoid bone (H). 



 

Figure 88-34 Magnetic resonance imaging of epiglottic carcinoma. A, Tumor thickens the right side of the epiglottis (arrow) at the level of hyoid (H). B, Sagittal view shows nodular thickening of the epiglottis caused by tumor (white 
arrow). 

 

Figure 88-35 Epiglottic carcinoma on computed tomography. A large epiglottic tumor (T) infiltrates the preepiglottic space. 

 

Figure 88-36 Magnetic resonance imaging of supraglottic carcinoma. Large mass (T) markedly thickens the epiglottis and invades the preepiglottic space. 



 

Figure 88-37 Aryepiglottic fold carcinoma on computed tomography. A, The left aryepiglottic fold and pyriform sinus are not well visualized. The right pyriform sinus is shown (P). B, CT performed during a modified Valsalva's maneuver 
more clearly shows a tumor involving the left aryepiglottic fold (arrow) and compressing the left pyriform sinus (P). 

 

Figure 88-38 Transglottic pyriform sinus carcinoma on computed tomography. A, A large tumor is seen arising in the left pyriform sinus and displacing the laryngeal vestibule (Ve) to theright. B, Tumor extends inferiorly to involve the left 
true vocal cord (T) and widen the distance (arrow) between the left thyroid lamina and the arytenoid cartilage. 

 

Figure 88-39 Epiglottic carcinoma with lymph node metastases on computed tomography. A large epiglottic tumor (T) infiltrates the preepiglottic space. Cervical lymph node metastases (M) are seen posterolateral to the internal jugular 
veins (J) and internal carotid arteries (C). (From Sagel SS: Larynx. In Lee JKT, Sagel SS, Stanley RJ (eds): Computed Body Tomography, New York, Raven Press, p48, F25, 1983.) 



 

Figure 88-40 Computed tomography of normal anatomy after right vertical hemilaryngectomy. A, Level of superior cornua of the thyroid cartilage. Arrow points to residual aryepiglottic fold on the nonoperated side. The superior cornu of 
thyroid cartilage (t), preepiglottic space with diminution of fat content (p), carotid artery (c), and internal jugular vein (J) are also seen. B, Level of glottis. Note the normal tilt of the airway to the right. The residual right thyroid ala (a), 
surgically created pseudocord (p), and residual left true vocal cord (v) are also seen. 

 

Figure 88-41 Soft-tissue swelling with intact cartilage on computed tomography. Marked soft-tissue thickening of the right paraglottic space is seen with compression of the airway (arrows). Both thyroid alae are intact. Subcutaneous 
emphysema is secondary to a mucosal tear from an emergency tracheotomy. 

 

Figure 88-42 Computed tomography shows multiple fractures of the thyroid cartilage. Extensive hemorrhage and edema almost totally obliterate the airway (arrow). 

 

Figure 88-43 Foreign body. A straight pin (arrow) is lodged in the vallecula. 



 

Figure 88-44 Stylohyoid ligament. Ossification of the stylohyoid ligament (arrows) can simulate a foreign body. 

 

Figure 88-45 Esophageal foreign body in a child with stridor. Lateral view from a barium esophagram discloses a piece of meat (large arrows) in the upper esophagus compressing the posterior wall of the trachea (small arrows). 
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Chapter 89 - NEUROLOGIC EVALUATION OF THE LARYNX AND THE PHARYNX

Gayle Ellen Woodson 
Andrew Blitzer 

INTRODUCTION

The upper aerodigestive tract serves the diverse purposes of breathing, eating, and communicating. These activities require some orthogonal functions. For example, pharyngeal patency should be maintained during respiration, but the 
pharynx should be forcibly constricted during swallowing. In addition, the anatomic structure of the upper aerodigestive tract is precarious, with ingested food and inspired air traversing the same space. Precise coordination of motor activity 
and appropriate response to sensory feedback are essential for normal function. Neurologic disorders may impair upper aerodigestive tract function by diverse mechanisms, including motor weakness, incoordination, or impairment of 
sensation.[16] [25] 

The diagnosis of disorders in patients with neurologically impaired function of the upper aerodigestive tract often is elusive, particularly when the problem is isolated to that region. This is because the ability of the throat and larynx to 
function cannot be directly observed. Patients with complaints of hoarseness, dysarthria, dysphagia, aspiration, or airway obstruction often are seen by otolaryngologists, whose training emphasized morphologic rather than functional 
evaluation. Neurologists, whose forte is functional assessment, generally confine their evaluations to structures that are more accessible, such as limbs. If the anatomy is normal and if no functional deficit is noted in a traditional neurologic 
examination, a patient who actually has a neurologic impairment often is incorrectly assumed to have a functional or psychiatric disorder. Thus, the diagnosis of a generalized neurologic disorder, such as myasthenia gravis or amyotrophic 
lateral sclerosis (ALS), may be delayed until the disease process is more widespread and apparent. As a result, patients may receive well-intentioned but ineffective therapy instead of potentially effective treatment.[8] [28] [34] 

In patients whose neurologic diagnosis has been established, assessment of laryngeal and pharyngeal function is an important component and may be life saving. Optimal treatment and rehabilitation of patients with swallowing, speech, or 
phonation disorders requires identification of the precise pathophysiology of the problem so appropriate therapy may be designed.

The diagnosis of neurologic impairment of the upper airway requires an awareness of the possibility of neural dysfunction, familiarity with the signs and symptoms of neural dysfunction, and a systematic approach to the examination of the 



throat and pharynx. Box 89-1 lists some symptoms that suggest neurologic impairment. The patient's interests are best served by the collaborative efforts of the otolaryngologist, who is highly skilled in visualizing the throat and larynx, and 
the neurologist, who is knowledgeable in the pathophysiologic processes. This chapter reviews normal physiology and salient features of specific neurologic diseases that affect function, outlines the approach to the history and physical 
examination of these patients, and discusses how ancillary tests may be useful.

NORMAL FUNCTION

Phylogenetically, the most important function of the larynx is protective; the larynx prevents ingested food and drink from entering the lungs. To fulfill this role in humans, the larynx should be open during breathing and tightly closed during 
swallowing. Phonation is a more advanced evolutionary function. Glottic closure during forced exhalation results in an effective cough to clean the lungs and prevent atelectasis. Laryngeal closure is required to generate positive intrathoracic 
pressure for defecation, childbirth, and lifting heavy objects and for the stabilization of the thorax. The larynx also seems to play a sophisticated role in controlling airflow and pressure during breathing. The vocal folds open just before 
respiration and close gradually, during exhalation, braking expiratory

2055

airflow and thereby influencing the rate of breathing. The sensory feedback loops that control these respiratory functions of the larynx are not well understood, but it is clear that feedback from a variety of receptors is involved.[9] [16] [25] 

 
 

Box 89-1. SYMPTOMS SUGGESTING NEUROPATHOLOGY

 
Speech Problems 

Lack of volume 
 
Breathiness 
 
Instability of pitch or volume 
 
Lack of voice inflection 
 
Abnormal resonance 
 
Dysarthria 
 

 
Swallowing Problems 

Oral incompetence 
 
Velopharyngeal incompetence 
 
Inability to initiate a swallow 
 
Aspiration 
 

 
Breathing Abnormalities 

Fluctuating inspiratory stridor 
 
Weak breathy cough 
 
"Gurgly" breathing noises 
 

 
 
Swallowing is a deceptively simple function. Food prepared in the mouth is ejected into the pharynx and then rapidly propelled downward around the glottis, through the pyriform sinus, and into the esophagus. During the swallow, the same 
pharynx that remains patent during breathing is responsible for constricting tightly in an organized sequence from top to bottom. Regurgitation into the nose or reflux into the mouth is prevented by actions of the soft palate, tonsillar pillars, 
and base of the tongue. The larynx is pulled upward and forward, away from the flow of the bolus. This action also decompresses the sphincter between the pharynx and esophagus. Flexion of the epiglottis and closure of the glottis prevent 
the entry of any errant material into the airway. After this complex and coordinated activity, the cricopharyngeal muscle should be relaxed when the bolus reaches the caudal end of the pharynx to permit passage into the esophagus. If 
pharyngeal peristalsis is inadequate or if the upper esophageal sphincter is insufficiently opened, residual material in the pharynx could penetrate the airway during the next inhalation. The unique anatomic configuration in humans after 



infancy renders swallowing more difficult. In all other mammals, the feeding and breathing channels are offered a degree of separation by interdigitation of the epiglottis and uvula. In humans, these structures are separated during early 
development by the descent of the larynx relative to the palate.[18] [19] [21] 

Speech is audible communication that results from phonation, resonance, and articulation. The production of sound (phonation) requires several conditions. Expired airflow and pressure should be sufficient to induce oscillation of the vocal 
folds. The vocal folds should be appropriately approximated. If they are closed tightly, excessive expiratory force is required, resulting in a strained, harsh voice, or complete aphonia. If the vocal folds are too far apart, increased expiratory 
airflow volume is required, so that the voice becomes weaker, breathier, or even fades to a whisper. The three-dimensional shape of the vocal fold also is important in imparting favorable aerodynamic features to the glottis. Atrophy of the 
vocal fold causes concavity in the axial and coronal planes. The former results in incomplete glottal closure, even during tight approximation of the vocal processes. Concavity in the coronal plane results in a convergent airflow tract. Control 
of length and tension is required to produce normal inflections in pitch and tone. In the absence of such control, the voice may be flat and expressionless, or it may be distorted by uncontrolled pitch breaks. The mucosa of the vocal folds 
should be supple to permit free vibration. All but the last of these requirements for phonation are susceptible to derangement by neurologic dysfunction.[1] [3] 

Resonance is the modification of phonation to produce voice. Pure phonated sound as produced by the vocal folds does not sound like a human voice; it is a strident and unpleasant noise. This sound is modified by resonance of the head, 
neck, and chest so that component frequencies are selectively amplified or dampened. Vocal resonance is largely determined by anatomy, but it also is significantly modulated by motor activity of the pharynx, soft palate, and oral cavity. 
This principle may be used in speech therapy to achieve stronger voices in patients with impaired function. Certain neurologic disorders, such as ALS, stroke, and Guillain-Barré syndrome, result in altered vocal resonance. The characteristic 
sound of the voice in patients with these disorders may be a valuable physical sign to aid in early diagnosis.[1] [3] 

Articulation is the shaping of voice into words by actions of the lips, tongue, palate, pharynx, and larynx and is highly susceptible to neurologic impairment. Whereas dysarthria in children is most often caused by a hearing deficit, acquired 
dysarthria in adults usually indicates neurologic impairment. Dysarthria may be a result of impaired motor output, such as weakness, paralysis, or incoordination. Dysarthria also may result from cognitive or language defects or from apraxia 
of speech.[1] [3] 
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IDENTIFICATION OF LESION SITE

The list of neurologic lesions that may impair speech and swallowing encompasses a wide spectrum. It would be difficult for an otolaryngologist to be familiar with every possible disease process, although it is possible to identify symptoms 
and signs that correlate to abnormal conditions in specific components of the nervous system, and this is a great aid in diagnosis. The types of disorders that may be identified are motor deficits, because sensation is a subjective process that is 
not readily apparent to the examiner. Although clinical testing techniques of sensation are advancing, it remains true that the clinical signs that are observed and that patients experience are predominantly disruptions of motor acts ( Box 89-
2 ). These changes may reflect abnormal sensory feedback and coordination of signal. Therefore, the site of lesion is best identified by the type of motor disruption.[9] [28] 

Cortical Lesions

Cortical lesions, which may result from strokes, tumors, or trauma, impair memory and the planning and execution of actions. Because of the diffuse and bilateral representation of laryngeal structures in the cortex, cortical lesions, such as 
those caused by tumors or strokes, do not produce flaccid or spastic paralysis. Some patients experience aphasia or apraxia of speech. Diffuse emboli, such as those that occur after cardiac bypass surgery, may result in sustained abduction, 
and this may cause aphonia. Inappropriate vocal-fold adduction with inspiration may have the symptom of inspiratory stridor.[11] [27] 

 
 

Box 89-2. SIGNS INDICATING LESION SITE

 
Cortex 

Aphasia 
 
Aphonia 
 
Dysarthria 
 
Dysphonia 
 
Stridor 
 

 
Extrapyramidal System 

Vocal strain and pitch breaks 
 
Tremor 
 
Spasmodic movements 
 
Focal, regional, or generalized dystonia 



 
 
Cerebellar Lesions 

Ataxia 
 
Dysmetria 
 
Tremor 
 
Incoordination 
 

 
Brainstem Lesions 

Flaccid paralysis 
 
Never isolated 
 

 
Peripheral Nerve Lesion 

Vagus nerve: flaccid, cadaveric position 
 
Recurrent laryngeal nerve: position variable, partial lesions, and aberrant regeneration common 
 

 
 
Extrapyramidal System Defects

Extrapyramidal system defects are characterized by abnormal motor control such as inappropriate or excessive muscle tension, tremor, and involuntary spasmodic muscle contractions. For the otolaryngologist, this translates into such 
problems as vocal strain, voice arrests, pitch breaks, and pitch instability. The dysfunction may be focal, regional, or generalized. In addition to problems caused by tumors or trauma, the extrapyramidal system also is disrupted by conditions 
of uncertain etiology such as Parkinson's disease, tremor, and dystonia.[8] 

Cerebellar Lesions

Cerebellar lesions impair coordination of motor activities. Patients' problems are generalized rather than focal. "Scanning speech" is regarded as characteristic of cerebellar involvement. Patients also may have vocal strain that sounds 
somewhat like spasmodic dysphonia, but they always have problems associated with dysarthria. The diagnosis is established by the presence of attendant physical signs such as intention tremors, dysdiadochokinesia, dysmetria, ataxia, and 
nystagmus.[12] 

Brainstem Lesions

Brain stem lesions result in flaccid paralysis. Because of the close proximity of motor nuclei in this area, lesions do not result in isolated involvement of individual cranial nerves. Strokes and tumors of the brainstem produce severe 
dysfunction related to paralysis of the larynx, pharynx, or tongue and are associated with sensory deficits.[27] 

Peripheral Nerve Injuries

Peripheral nerve injuries may result in paralysis and paresis. Until recently, it generally was believed that a specific nerve lesion could be determined by characterizing the position of the paralyzed vocal fold and detecting rotation of the 
larynx. It is now clear that the traditional terms of vocal-fold position (e.g., intermediate, paramedian, and cadaveric) do not adequately characterize glottic configuration and that the distance of the vocal fold from the midline is not a reliable 
indicator of lesion site.[29] The effect of an isolated superior laryngeal nerve lesion on the level of
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the vocal fold and rotation of the glottis also is controversial. Some authors report rotation of the glottis to the side of the lesion in patients with unilateral cricothyroid muscle paralysis, although the preponderance of the evidence indicates 
that the cricothyroid muscle does not appreciably influence the spatial orientation of either the vocal fold or the glottis as a whole. Clinically observed variations in glottal configuration are chiefly determined by the extent of the nerve lesion 
(complete or incomplete) and the extent and accuracy of nerve regeneration. Recent information on the cricothyroid joint structure indicates that the two cartilages interact in a visor fashion, similar to a bucket handle, with little translational 
movement. Thus, a unilateral cricothyroid muscle paralysis may decrease the strength of motion along the arc of rotation, but has no differential effect on one vocal fold.[31] 

Other Peripheral Processes

Other peripheral processes include myopathies and neuromuscular joint dysfunction. Patients with these problems experience fatigue and weakness, and symptoms depend on the extent of muscle involvement. In general, these result from 
systemic diseases, such as diabetes.



Diffuse Central Nervous System Lesions

Diffuse central nervous system (CNS) lesions result from specific neurologic disorders, such as multiple sclerosis and ALS, and have a myriad of signs and symptoms.

LARYNGOLOGIC MANIFESTATIONS OF NEUROLOGIC DISEASES

There are a few important generalized neurologic disorders that are characterized by specific patterns of involvement of the larynx and pharynx. In early stages of involvement, patients with these disorders may consult otolaryngologists 
because symptoms are located in the head and neck region. If the otolaryngologist is aware of these disorders and their involvement patterns, an earlier diagnosis is possible. At any stage of these disease processes, otolaryngologic 
consultation may be vital to differentiate manifestations of the disease from problems caused by other concurrent disorders and to ensure appropriate management. The neurologic disorders affecting the larynx are best understood when 
characterized as hypofunctional, hyperfunctional, and mixed.

Hypofunctional

Vocal Fold Paralysis/Paresis

Laryngeal paralysis is most often the result of distal nerve injury in the neck or chest. Possible causes include surgery, trauma, tumors, and aneurysms. More central disorders that may produce vocal fold paralysis/paresis are syringobulbia, 
Arnold-Chiari malformations, stroke (including Wallenberg's lateral postmedullary syndrome, PICA occlusion), and other lower motor neuron disorders.

Neuromuscular Junction Disorders

These include myasthenia gravis (MG) and, less commonly, Eaton-Lambert disease. Muscles fatigue quickly with use. The incidence of MG is less than 10 per 100,000 people. Specific patient complaints may vary, depending on the 
distribution of muscles involved. Many patients have ptosis or double vision, because ocular muscles are most commonly affected. General fatigue is also a frequent complaint. Sometimes the disease is localized to the throat, and patients 
have difficulty speaking, breathing, or swallowing. Careful examination of the larynx and palate in such patients may reveal fatigue as a result of repetitive movements. For example, asking the patient to repeat "ee-ee-ee" can elicit laryngeal 
fatigue. Electromyography and an edrophonium (Tensilon) test are used for rapid diagnosis and treatment. Blood testing is used to detect antibodies against acetylcholine. Early detection of this disorder is invaluable, because medical 
treatment is effective and may be lifesaving. [26] [34] 

Poliomyelitis

Poliomyelitis is essentially nonexistent today, thanks to vaccination programs. However, there are survivors of polio who experienced postpolio syndrome with a recurrence of motor weakness. The exact cause of postpolio syndrome is 
unknown, but it is thought that the syndrome may be derived from the natural loss of motor neurons during the aging process. Patients who have recovered from polio function by virtue of a small pool of surviving neurons that sprout to 
supply expanded numbers of muscle fibers. Thus, these patients are particularly susceptible to the loss of even a small number of neurons. Acute bulbar polio causes pharyngeal and laryngeal paresis but spares the cricopharyngeus muscle. 
The resulting symptoms are hoarseness, dysphagia, and aspiration. Because the cricopharyngeus retains tone, cricopharyngeal myotomy often is helpful with recent onset of polio; however, in those with postpolio syndrome, the effectiveness 
of myotomy has not been established.[34] 

Myopathies

Examples of myopathies include dermatomyositis, muscular dystrophy, and metabolic myopathies. Dermatomyositis presents with dermatitis in conjunction with muscle weakness. This disorder may be associated with lung cancer, lupus, or 
poliomyelitis. The muscular dystrophies vary in age of onset and
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anatomic distribution of involvement. The infantile variety often presents with oculopharyngeal weakness. Metabolic myopathies may result from abnormalities in acid maltase, brancher enzyme, and cytochrome c-oxidase. There are also 
some episodic myopathies with periodic paralysis that are drug induced.

Medullary Disorders

Medullary disorders that affect motor neurons include ALS, primary lateral sclerosis, postpolio syndrome, Arnold-Chiari malformations, and medullary strokes. ALS (also known as Lou Gehrig's disease) is an idiopathic and progressive 
degeneration of upper and lower motor neurons and results in muscle wasting, fasciculations, and weakness. Incidence in the United States has been estimated at 1 to 2 per 100,000 people. As many as 25% of these patients initially have 
complaints related to speech and swallowing. In many patients, limb symptoms predominate. The clinical course varies in its rate of progression, but it is inevitably downhill. Approximately 25% of patients survive from 5 to 10 years after 
the onset of the disease. Death most often is related to respiratory insufficiency caused by weak breathing muscles and aspiration pneumonia. Therefore, prognosis for a more rapid demise is increased in patients with throat involvement.[7] 

When ALS involves the upper airway, the voice is monotonous and raspy with abnormal hypernasal resonance. Speech is commonly dysarthric and labored and has velopharyngeal incompetence. The dysarthria is related to tongue 
involvement. Patients have slurred speech as a result of weakness and slowed activity of the tongue. The tongue often has visible fasciculations. There also is weakness in the palate, pharynx, and larynx, and there is an inability to make rapid 
muscle adjustments or repetitive motions. Secretions pool in the hypopharynx, and aspiration often occurs during swallowing. Certain characteristics distinguish ALS from myasthenia gravis. Symmetric facial weakness is common in 
patients with ALS, although extraocular motion is preserved. This contrasts with the proclivity of myasthenia to involve the eyelids and extraocular muscles. ALS results in muscle wasting and fasciculations that are most easily observed in 
the tongue and the intrinsic muscles of the hand. Tongue fasciculations have a classic "bag of worms" appearance.[7] [24] 

Therapeutic options for patients with ALS are essentially limited to supportive care. In some patients, a palatal-lift prosthesis may improve speech intelligibility and decrease nasal regurgitation during speech. In most patients, nothing can be 
done to improve speech. Eventually, the only options for avoiding aspiration are nasogastric feeding or gastrostomy. Tracheostomy often is necessary for airway protection and assisted ventilation.[7] [24] 

The lower motor neuron disorders that affect the laryngopharynx include progressive spinal muscular atrophy (PSMA) and progressive or pseudobulbar palsy (PBP). PBP results from bilateral lesions of the corticobulbar tracts. Patients have 



muscle spasticity and hyperreflexia of the pharynx, palate, lips, tongue, and larynx. The voice in these patients is harsh, strained, and strangled and may sound like patients with spasmodic dysphonia. These patients are easily distinguished 
clinically, because they have associated signs of hypernasality and slow labored articulation and emotional lability and subcortical cognitive impairments.

Parkinson's Disease

The criteria for diagnosis of Parkinson's disease require at least two of the following: a resting tremor, rigidity, bradykinesis, and/or a loss of postural reflexes. Parkinson's disease is an extrapyramidal syndrome caused by cell death in the 
substantia nigra. It may be idiopathic or secondary and caused by drugs, encephalitis, stroke, toxins, tumors, or head trauma. The patients typically have a flat facial expression and abnormal posture. Tremor is often present in the distal parts 
of the extremities and the lips when patients are at rest. "Pill-rolling" tremor of the hands is typical. Speech abnormalities in Parkinson's disease are nearly universal. This is manifest by defects in articulation and voicing. The patients have a 
hypokinetic dysarthria (45% of patients) with a reduced range of articulation for linguals and labials. They also have decreased loudness, monopitch, and prosodic insufficiency because of poor air presentation to the vocal apparatus (sound 
generator) caused by decreased airflow from a bradykinetic bellows mechanism. The vocal folds may be adynamic and/or bowed. On testing, these patients show an increased shimmer and jitter, a decreased harmonic/noise ratio, and a 
tremor. Less often, patients with Parkinson's disease experience a predominant effect of rigidity of the larynx and produce a strained voice with frequent breaks that are similar to the voice of those with spasmodic dysphonia. Swallowing 
usually is not noticeably impaired in patients with this syndrome, but patients may drool because of the inability to voluntarily swallow.[8] [13] [23] [35] 

Parkinson's disease may also be accompanied by autonomic nervous system dysfunction or failure of supranuclear functions. The Parkinson's plus syndromes include progressive supranuclear palsy (PSP) and multiple system atrophy (MSA). 
In MSA, there is an autonomic nervous system failure with orthostatic hypotension, impotence, sphincter dysfunction, and
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anhidrosis. One form of MSA is known as Shy-Dragger syndrome. These patients have failure of vocal fold abduction with inspiration, which is worse during sleep. Many require tracheotomy for maintenance of their airway. The 
progression of MSA may be rapid and lead to death.[8] 

Psychogenic, Malingering, and Mixed

Psychiatric voice disorders can mimic all of the preceding and hence are very difficult to distinguish from neurogenic voice disorders. Complete aphonia is most often due to a conversion disorder.

Hyperfunctional Disorders

Dystonia

This is a movement disorder that involves uncontrolled contractions of any voluntary muscle group of muscles and results in torsional posture or repetitive movements. The clinical signs are varied and depend on the specific muscles 
involved and on whether the contractions are continuous or intermittent. Dystonias may be focal, regional, or generalized, and they are classified as primary (idiopathic) or as a result of injury, toxicity, stroke, tumor, or a variety of hereditary 
neurologic syndromes. Idiopathic dystonia is not associated with any other neurologic abnormality. Therefore, the discovery of any other neurologic signs should prompt a thorough investigation for an underlying abnormal condition.[8] 

Spasmodic dysphonia seems to be an idiopathic focal dystonia of the larynx. Patients with more generalized dystonia that also involves the larynx have vocal dysfunction, which is clinically indistinguishable from idiopathic spasmodic 
dysphonia. Meige's syndrome is a regional dystonia of the head and neck and may be evident in those with blepharospasm, oromandibular dystonia, torticollis, or spasmodic dysphonia. Laryngeal dystonia usually results in spasmodic closure 
of the vocal folds during speech, which in turn results in a strained and strangled voice or adductor dysphonia. Fewer patients have abductor dysphonia, with intermittent or sustained opening of the larynx during speech.[5] Abductor dysphonia 
causes breathy voice breaks or a whispering voice. Another form of laryngeal dystonia is adductor breathing dystonia, in which patients adduct their vocal cords while inspiring. This causes stridor and dyspnea, but these patients do not 
become hypoxic and do not need tracheostomy. Localized injection of botulinum toxin into involved muscles is an effective way to decrease the symptoms of patients with dystonia, particularly for patients with adductor spasmodic 
dysphonia.[1] [4] [6] [22] [30] 

Pseudobulbar Palsy

Pseudobulbar palsy results from bilateral lesions of the corticobulbar tracts. Patients have muscle spasticity and hyperreflexia of the pharynx, palate, lips tongue, and larynx. The voice in these patients is harsh, strained, and strangled, and it 
sounds somewhat like those with spasmodic dysphonia. These patients are easily distinguishable clinically, because they have associated signs of hypernasality and slow, labored articulation and emotional lability and subcortical cognitive 
impairments. [27] 

Myoclonus

Oculopalatolaryngopharyngeal myoclonus is an uncommon disorder consisting of rhythmic contractions of the soft palate, pharynx, and larynx at a rate of one or two contractions per second.[10] This condition may affect only the palate or all 
of the laryngopharynx, and even eyes, and is caused by a lesion in the central tegmental tract. It may result in a speech that sounds like a choppy voice with intermittent hypernasality. The palate and vocal folds may be treated with injections 
of botulinum toxin to decrease the severity of the contractions, and thereby decrease the symptom.

Essential Tremor

This disorder is a common neurologic disorder affecting those in middle to late adulthood. It causes a 6- to 8-Hz shaking of the hands, head titubation, and a tremulous voice. The vocal symptoms are related to tremor in the muscles in the 
larynx, pharynx, soft palate, and the strap muscles of the neck. Most patients with essential tremor are treated with systemic agents; however, in our experience, the voice tremor does not respond well. Injections of botulinum toxin may be 
very useful in controlling the symptom. The toxin does not eliminate the tremor but decreases the amplitude, thereby decreasing the severity of the symptom. Tremor commonly accompanies spasmodic dysphonia and other focal dystonias.[8] 

Muscle Tension Dysphonia

In this disorder, which is functional, a patient postures their vocal folds. This hyperfunction causes tightness and dysphonia, with harshness, breathiness, choppy vocal production, or tremor. The patients are best treated with speech therapy to 
have the patients use their voice in a less-strained manner.



Mixed Disorders

Multiple Sclerosis

Multiple sclerosis is a diffuse demyelination process, with an incidence of approximately 3 per 100,000 people in the United States. The signs and symptoms are protean but basically consist of relapsing and remitting sensory and motor 
deficits. Visual problems, numbness, and limb weakness are common.
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As many as 50% of patients with multiple sclerosis have problems that lie in the domain of the otolaryngologist. These problems include vertigo, tremor, scanning speech, and dysphagia. The clinical course in some patients is intermittent 
and slowly progressive, whereas others experience a rapid and inexorable decline. Recently, there have been some promising developments in experimental drug therapy.[34] 

Parkinson's Disease

Some patients with parkinsonism have hyperfunctional voice symptoms, with a strained and strangled voice.

NEUROLOGIC EXAMINATION OF THE MOUTH, LARYNX, AND PHARYNX

Listening to the patient is the first step of the examination in the voice patient. Often, it is possible within minutes to make a working diagnosis on the basis of the sound of the voice and the patient's description of the problem. The patient 
should be questioned carefully about vocal fatigue, pain with speaking, increased effort required for speech, glottal tightness, pitch breaks, and tremor.

The standard neurologic examination does not address the relatively inaccessible regions that are familiar to the otolaryngologist. The following protocol is suggested as a systematic approach to detecting neurologic dysfunction. The 
objectives are to assess the integrity of the lower cranial nerves and to seek signs of CNS disorders.[1] 

Oral Cavity

Observe the lips, palate, and tongue for abnormal spontaneous movement. Spasmodic motions are characteristic of Meige's syndrome. Involuntary, slow, athetoid movements of the tongue occur in patients with tardive dyskinesia, which 
usually is a reaction to a major tranquilizer. A quivering, "bag of worms" appearance indicates fasciculations, a characteristic sign of ALS. Assess range of motion, strength, and symmetry of the mouth and palate muscles as usual. Ask the 
patient to purse his or her lips, to protrude his or her tongue and move it from side to side, and to open his or her mouth and say the traditional "ah" to test for palate motion and symmetry. The best way to assess tongue strength is to have the 
patient push his or her tongue against the buccal mucosa while the physician palpates the cheek externally.[1] 

It is important to test not only the strength but also the central control of lip and tongue muscles. Rapid repetition of the syllable /Pa/ shows lip function. A healthy person is able to maintain a regular rhythm at a rapid rate. A lower motor 
neuron lesion decreases the strength of this action. Upper motor neuron involvement decreases the rate at which the patient can repeat the syllable, but regular rhythm should be preserved. In patients with cerebellar dysfunction, the rhythm is 
erratic. Myasthenia gravis involvement results in fatigue with repetitive motion. Other syllables address other muscle groups. "Ta" tests the tip of the tongue, and "ga" tests the posterior tongue.[1] 

Flexible Laryngoscopy

Neurologic function of the larynx is difficult to assess without the use of flexible laryngoscopy. This technique permits observation during quiet breathing and during a variety of tasks. The addition of a video camera is invaluable, because it 
produces an enlarged image on the monitor that may be recorded for detailed evaluation and saved for comparison with future evaluations.[32] [33] 

Attention is first directed to the soft palate. With the scope in the posterior choana, the soft palate is observed for any tremor or spasmodic movement at rest. The patient is instructed to swallow and say "kitty cat." These tasks show the 
symmetry and competence of velopharyngeal closure.[32] [33] 

The scope then is advanced to visualize the base of the tongue. Alternating phonation of /ee/ and /ah/ should result in first anterior and then posterior movement of the tongue. Assessment of the pharynx is more difficult, because during a 
normal swallow, the view through the flexible scope is totally obscured. In those with pharyngeal paralysis or paresis, closure is impaired, and impairment of motion on the involved side often may be detected. Pooling of secretions in the 
hypopharynx is indicative of poor swallowing function, which could be attributed to either sensory or motor impairment.[32] [33] 

The most detailed assessment is focused on the larynx. During quiet breathing, the vocal folds may appear motionless and partially abducted, but there usually is abduction just before inspiration and gradual adduction during exhalation. The 
degree of motion varies with the respiratory effort and with the degree of upstream resistance. With deep inspiration, the vocal folds abduct widely. During panting, the vocal folds remain fixed in an abducted position. Nasal breathing in 
most patients offers more resistance than mouth breathing, so the range of vocal fold movement usually is greater with the mouth closed.[32] [33] 

A vigorous voluntary cough is a good way to assess the strength and range of motion of the larynx. The vocal folds abduct during the inspiratory phase, close tightly for the compressive phase, and then suddenly open widely. The cough is a 
useful way to differentiate psychogenic stridor from true bilateral laryngeal paralysis.[32] During phonation, the vocal folds should
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adduct smoothly and symmetrically. Recurrent laryngeal nerve paralysis usually may be diagnosed by observing the vocal folds during breathing and phonation, although paresis may only become evident if the patient performs repetitive 
brief phonations. Repetitive phonations also will reveal fatigue in patients with MG. To assess the cricothyroid muscle, which is innervated by the superior laryngeal nerve, the patient is asked to perform a pitch glide, phonating from a low 
pitch to a high pitch and back down. The pitch should rise as the vocal folds become longer and thinner.[32] [33] 

It is sometimes difficult to differentiate a functional or psychiatric voice problem from a neurologic disorder. It is helpful if the physician is familiar with characteristic distortions of the larynx in hyperfunctional dysphonia. Some common 



distortions are compression of the glottis in the anteroposterior dimension, contraction of the aryepiglottic folds, and false vocalfold adduction, which may be severe enough to totally obscure the true vocal folds. These patients also 
characteristically elevate the larynx and speak with a low lung volume. Such dysfunction usually is amenable to voice therapy. It is important to remember that neurologic and functional conditions commonly coexist, and some patients may 
use hyperfunction to compensate for a neurologic defect.

Video recording of the endoscopy may enhance the examination, because the record can be reviewed repeatedly or viewed by other consultants. An objective record also is provided for monitoring the progress of the disorder or the patient's 
response to therapy. Transoral telescopic laryngoscopy with a rigid-rod quartz lens system provides a clear, magnified view of the larynx. This is the best technique for demonstrating laryngeal morphology and documenting even minute 
laryngeal lesions. The use of the telescope has limitations. The patient's mouth should be open with anterior traction on the tongue, although this position prevents examination of the larynx during speech or swallowing. The examination also 
requires topical anesthesia in many patients.[32] [33] 

The stroboscope provides a flashing light to simulate a slowed vocal-cord vibration. The stroboscope has a microphone to sense the fundamental frequency of the vibrations and to coordinate the flashing light to the same frequency. If the 
light flashes at the fundamental frequency, the stroboscope will freeze one image in the vibratory cycle. The slowed motion allows the most accurate assessment of the mucosal wave, which may be impaired by scarring, edema, or subtle 
defects in the mucosa. Lesions such as subtle edema, vocal cord cysts, or early carcinoma may be best seen as an adynamic segment of the vocal cord on stroboscopy. Stroboscopy also allows accurate evaluation of the closing and opening 
pattern of the larynx and may be able to indicate the probable underlying cause of a faulty closure. Probable causes that can be detected with a stroboscope include vocalis muscle atrophy, posterior laryngeal edema, and faulty vocal 
technique. The stroboscope has limitation in patients in whom an unstable voice will not allow for a steady frequency to slow motion. This occurs in patients with vocal cord paralysis or vocal cord scarring and in some patients with 
spasmodic dysphonia.[15] 

ANCILLARY TESTS

Acoustic Analysis

Voice is not a simple sine wave; rather it is a complex group of waves of varying frequency. In a pure periodic waveform, all frequencies above the fundamental frequency (f0 ) are multiples of f0 called harmonics. Lack of periodicity is 
perceived as noise and described as frequencies between the harmonics. A Fournier analysis is a computational method of simplifying complex waveforms into component parts. Transmission of sound through the vocal tract with its 
characteristic resonant properties alters the sound by enhancing the resonant frequencies. An acoustic analysis generally measures f0 , perturbation (shimmer [loudness] and jitter [pitch]), and spectral analysis.[3] 

Aerodynamic Assessment

Phonation is a function not only of the vocal muscles but also of the respiratory system. Measurements of airflow and air pressure provide important information regarding airway dynamics. One important measurement is the maximum 
phonation time or the maximum time that a patient can sustain a vowel after a maximum inhalation. This is technically not an aerodynamic measurement, because it measures time and not airflow or pressure. Phonatory and respiratory 
airflow can be easily measured directly and are useful in monitoring the effects of therapy. Accurate interpretation of airflow data requires concurrent measurement of subglottic pressure—the driving force for phonation. Direct measurement 
of subglottic pressure requires invasive procedures, such as transglottic placement of a transducer or tracheal puncture. More commonly, phonatory subglottic pressure is estimated from measures of intraoral pressure during repetitions of the 
syllable /pi/.

Other means of assessing aerodynamic ability include body plethysmography (measurements of chest wall movement), spirometry, and airflow measurement with a hot wire anemometer (to determine rapid changes in airflow).[3] [17] 
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Photoglottography and Electroglottography

Photoglottography and electroglottography are important tools for the neurolaryngologist. Photoglottography is performed by shining a light on the larynx. The amount of light that passes through the glottis is proportional to the size of the 
glottic opening. The light transmission may be measured by a photosensor overlying the subglottic neck skin. Electroglottography is a technique based on a change in electrical resistance and related to movement of the vocal cords. Low-
voltage electrical current is applied through surface electrodes that have been placed on the skin over the thyroid alae. The electrodes then measure a change in the electrical resistance that is representative of the surface area of contact of the 
vocal folds. Changes in the electroglottography amplitude and duration of the opening-and-closing phase may characterize abnormal function. The electroglottography suggests an abnormal condition by variance from normal rather than by a 
pathognomonic sign.[3] [14] 

Electromyography

Electromyography (EMG) has been available for many years and is a well-established means of assessing function in limb and facial muscles, although the use of EMG in the larynx has not been widespread. There may be technical 
difficulties caused by electrode placement and recording from very small muscles. Spontaneous EMG signals may be analyzed to assess resting activity and the interference pattern, which is the summation of individual motor units during 
voluntary muscle contraction. Evoked EMG is not a practical clinical test, because it is difficult to locate and selectively stimulate the motor nerves. Kinesiologic analysis quantifies muscle activation across tasks to study motor control. This 
is primarily a research tool, because it is a complex technique.[20] 

The most common application of laryngeal EMG is the assessment of laryngeal nerve integrity, which differentiates between recurrent laryngeal nerve paralysis and mechanical fixation of the vocal fold. EMG also is used to detect lesions of 
the superior laryngeal nerve. EMG is essential in the preoperative examination of a patient for a laryngeal reinnervation procedure. A muscle that is not denervated will not accept a donor nerve. Clinical experience has shown that the results 
of EMG often are inconclusive. When a nerve is completely severed, voluntary activation of the muscle is abolished. After 2 weeks, fibrillation potentials may appear, but they are difficult to detect, because the muscle is so small and 
because there is competing noise from neighboring muscles. In such patients, recovery is extremely unlikely, and early surgical intervention is prudent. Most patients with recurrent laryngeal nerve paralysis do not have electrical silence, 
because the lesion was not complete or because reinnervation has occurred. The voluntary interference pattern may seem normal, despite the lack of observable motion. In patients in whom the interference pattern is reduced or in whom 
polyphasic action potentials are detected, a nerve lesion can be diagnosed with certainty, although the likelihood of recovery cannot be predicted. If the nerve regenerates synkinetically so that nerve fibers do not connect with the functionally 
appropriate muscles, the vocal fold may remain immobile despite recovery of a vigorous interference pattern. In some patients, synkinesis may be detected during EMG when muscles contract during inappropriate phases of respiration. For 
example, EMG is useful if there is increased contraction of the posterior cricoarytenoid muscle during expiration or if there is activation of the thyroarytenoid or lateral cricoarytenoid muscles predominantly during inspiration.



An important clinical use of laryngeal EMG is in the treatment of spasmodic dysphonia. It is used to localize muscles for injection of botulinum toxin.[20] Laryngeal EMG makes use of standard equipment. Recording is most easily 
accomplished by the percutaneous placement of concentric bipolar needles. For short-duration recording to verify nerve integrity, this is sufficient. Hooked-wire electrodes are more difficult to place, but they will remain at a fixed site in the 
muscle during various motor tasks. Electrodes also may be placed transorally. The stability of signal afforded by hooked wires is essential for prolonged or quantitative recording such as that used in kinesiologic analysis. Local anesthesia of 
the skin may be used to minimize discomfort, but care should be taken to ensure that the anesthetic does not diffuse into underlying muscles. [20] 

The thyroarytenoid muscle, supplied by the recurrent laryngeal nerve, is most commonly sampled because of its accessibility. The needle is introduced between the thyroid and cricothyroid cartilages and directed superiorly. One approach is 
to enter the subglottic air space in the midline and then to divert the needle into the right or left vocal fold. This frequently stimulates coughing, because sensory receptors in the vocal fold mucosa are activated. An alternative approach is to 
enter the cricothyroid space off the midline so the muscle may be entered without violating mucosa. To verify needle location, the patient is asked to phonate. The thyroarytenoid muscle is normally active throughout phonation. A brief burst 
of activity at the onset of phonation followed by relaxation is characteristic of lateral cricoarytenoid activity. Either muscle may be activated by inspiration. Patients may have abnormal patterns of activation, which may complicate 
interpretation of the signal.[20] 
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The cricothyroid muscle is more difficult to test, because it is a small muscle in close proximity to the larger strap muscles. The authors' favorite technique is to insert the needle in the midline, down to the superior edge of the cricoid 
cartilage. The tip of the needle is then "walked" over the cartilage, superiorly and laterally. There usually is a palpable pop as the needle enters the cricothyroid muscle. To verify needle placement, the patient is asked to begin phonating at a 
comfortable pitch and then glide to a higher, falsetto pitch. The cricothyroid may be active or silent at the comfortable pitch, but it is activated at higher pitches. The cricothyroid may be silent or contract rhythmically with inspiration during 
quiet breathing. It is recruited with voluntary deep inspiration.[20] 

The posterior cricoarytenoid muscle may be sampled to provide confirmatory information about the status of the recurrent laryngeal nerve and particularly to document synkinetic reinnervation. In those with abductor spasmodic dysphonia, 
EMG localization of the posterior cricoarytenoid also is used to direct the injection of botulinum toxin. The most direct means of electrode placement for this muscle is to rotate the larynx in the axial plane until the posterior cricoid is 
palpable through the cervical skin. The needle then may be passed down to the cartilage and retracted slightly.[20] 

Edrophonium

Edrophonium is important in the diagnosis of MG. When symptoms are confined to the larynx or pharynx, this test may require observation of laryngeal and pharyngeal function before and after edrophonium is administered. To accomplish 
this, an intravenous tube is started, and the nose is topically anesthetized. The patient is asked to perform repetitive tasks to produce fatigue, and a baseline endoscopic video recording is made. A small test dose of edrophonium is 
administered, and if there is no adverse reaction, the full test dose is given. The patient is instructed to perform the same tasks, and a repeat recording is made.

Cineradiography

Cineradiography uses a modified barium swallow, and it is useful in assessing pharyngeal function and in planning therapy for patients with swallowing problems. It is most commonly performed with the collaboration of a radiologist and a 
speech pathologist.

Sensory Assessment

Laryngopharyngeal sensory testing is an exciting new method for evaluating the causes of aspiration. The sensory apparatus may be tested with a pressure-controlled and duration-controlled puff of air delivered to the anterior wall of the 
pyriform sinus (the area innervated by the superior laryngeal nerve). The air puff is delivered from the internal port of a flexible fiberoptic laryngoscope made especially for this purpose (Pentax Precision Instrument Corporation, 
Orangeburg, NY). To determine a patient's sensory pressure threshold, air pressure is varied according to the psychophysical method of limits, whereas the duration of the air puff is held constant at 50 ms.

The testing is carried out after a patient has had the opportunity to read a description of apparatus and procedure and has had the chance to feel an air puff on his or her cheek and comment on the sensation. The floor of the nose then is 
anesthetized with 1% lidocaine with epinephrine at a ratio of 1:100,000. The anesthetic is placed on a cotton-tipped applicator and inserted 1 cm from the nasal vestibule. Next, the flexible laryngoscope is inserted into the nasal passage, and 
the patient is given a 1-minute rest period to adapt to the laryngoscope and prepare for testing. Testing begins by orienting the patient to the supraglottic stimulus with a suprathreshold stream of air for 5 seconds. After a 15-second rest 
period, air puffs are presented. Six blocks of stimulus administration trials are given, and a threshold is obtained for each block. One stimulus is presented per trial. Trial duration is approximately 10 seconds with a 10-second intertrial 
interval. The air puff is administered after a verbal announcement of the beginning of the trial and at a random time from 2 to 8 seconds within the 10-second trial interval. Three blocks of descending pressure stimulus presentations and three 
blocks of ascending pressure stimulus presentations are randomly ordered for each subject. Within a block, air puffs are presented in sequential steps of 10 test-unit changes (each unit is equivalent to 7.5–10 mm Hg). The steps change from 
subliminal to supraliminal for ascending blocks and from supraliminal to subliminal for descending blocks. A detection response occurs when the patient raises his or her hand within 2 seconds of actual stimulus presentation. A 30-second 
rest period separates the blocks. The mean of the lowest detected pressures from the six blocks is used as that patient's sensory threshold. The right and left sides of the pharynx and supraglottic larynx are studied.[2] 

SUMMARY

During the past decade, a greater understanding of neurologic disorders of the larynx has led to earlier diagnosis and treatment of these disorders. New technology and the collaboration of neurologists and laryngologists have created a better 
understanding of the neuromuscular physiologic abnormalities found in patients with motion disorders of the larynx. Because new treatment modalities are available, it is imperative to make accurate neurolaryngologic diagnoses.
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Chapter 90 - INFECTIONS AND MANIFESTATIONS OF SYSTEMIC DISEASE OF THE LARYNX

Kim Richard Jones 

INFECTIONS OF THE LARYNX

In general, infections of the larynx can be divided into acute and chronic infections. Most significant acute infections occur over a period of less than 7 days, present with airway distress and fever, and are more prevalent and problematic in 
children than in adults. In contrast, chronic infections generally have existed for weeks before presentation; in addition to airway distress, hoarseness and pain may predominate, systemic factors may be important, and the infections occur 
more frequently in adults than in children. Examples of chronic laryngeal infections include syphilis, tuberculosis, and various fungi.

The history is often the most important tool in the diagnosis. In acute and chronic infectious processes, the following should be ascertained: (1) the severity and progression of symptoms, especially as related to dyspnea; (2) associated 
regional or systemic signs and symptoms; and (3) precipitating factors. In acute infections, the critical point is the differentiation between run-of-the-mill viral laryngitis and the more serious diseases of croup and epiglottitis. For chronic 
infections, it is more important to distinguish infection from malignancy, because the two often appear similar on clinical examination and by history.

Acute Infections

Croup or Laryngotracheitis

Clinical features.

Laryngotracheitis, or croup, can be defined as a viral illness characterized by fever, "barking" cough, and stridor. Parainfluenza viruses 1 and 2 and influenza A are the most common causes, but croup can also be caused by respiratory 
syncytial virus, adenovirus, and even enterovirus. [19] Croup usually occurs in the winter and rarely does a child have more than one episode per year. However, some children may have what is termed "spasmodic" or "recurrent" croup, which, 
as the name implies, occurs multiple times during the year. Spasmodic croup is also characterized by the acute onset of a barking cough, dyspnea, and stridor, but was initially differentiated from "classic" croup by its recurrent nature, more 
rapid onset, and lack of fever. Also, spasmodic croup almost always resolves fairly rapidly with use of humidity and reassurance.

Although recurrent croup was initially thought to be allergy related, it is now believed that croup and recurrent croup are more similar than different and probably represent a spectrum of disease.[10] However, from an ear, nose, and throat 
standpoint, an important distinction should be made in that when a child is seen repeatedly with crouplike symptoms, other diagnoses should be considered, such as gastroesophageal reflux, acquired laryngotracheal stenosis, or congenital 
abnormalities.[20] 

The seriousness of croup is the result of the amount of swelling in the subglottic area that can occur with this disease. The subglottis is the narrowest portion of the respiratory tract in children and is also the only part where a complete 
cartilaginous ring exists, so that all edema here occurs at the expense of the lumen. Stridor at rest, which is not uncommonly seen in the later stages of croup, does not occur before approximately 80% of the airway is compromised. Thus, it is 
not hard to imagine that a small increase in the amount of edema at this point, or a mucous plug, could be fatal. This scenario underscores the critical nature of this illness.

Differential diagnosis.

The most important differential diagnosis in a child with suspected croup is epiglottitis. Fortunately, their clinical presentations are dissimilar enough that there is usually little trouble differentiating the two. First, patients with croup are 
usually younger, with a peak incidence at 2 years of age. Second, croup typically presents with a 12- to 72-hour prodrome consisting of cough and low-grade fever, even though patients with epiglottitis usually are seen with rapid onset of 
high fever, a muffled voice, and dysphagia.
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Possible aspiration of a foreign body should be considered if there is rapid onset of respiratory symptoms such as cough and stridor without any viral prodrome. Radiography of the neck and chest can rule this out and may also show the 
tapered narrowing of the subglottis (steeple sign) that is associated with classic croup. However, the lack of a steeple sign does not rule out croup, because this finding is seen in only 50% of cases.[19] Finally, subglottic stenosis may be seen as 
recurrent croup. A narrowed subglottic airway, whether it be congenital or acquired, has much less tolerance for the viral edema that accompanies croup; thus, minor laryngotracheal infections, which would pass unnoticed in a healthy child, 
will cause the child with subglottic stenosis to become stridulous. Thus, a history of recurrent croup or a history of previous intubation is important to obtain.

Management.

Historically, children with croup have been treated with humidified air, either from a humidifier or a steam shower. The presumed effect is to soothe the inflamed mucosa of the subglottis and liquefy secretions to allow expectoration. [62] 
Although there is strong anecdotal evidence that humidification helps, the two small studies that have looked at its effects showed no significant difference between treatment and nontreatment groups. However, as pointed out by Brown,[10] 
both studies had small numbers of patients, leaving open the possibility that a true difference may have been missed (beta error). Thus, the role of humidification is unclear at this point.



Racemic epinephrine is often given by way of a nebulizer to those children who are in some respiratory distress. It may be given with or without corticosteroids (see later), depending on the level of distress. Its effects are thought to be due to 
vasoconstriction of the airway mucosa and subsequent decrease in edema.[19] A number of clinical studies have demonstrated its efficacy.[10] Although initially it was thought that any child who required epinephrine treatment required overnight 
hospitalization because of a possible "rebound" effect, further research has shown that this rarely occurs.[10] [19] [62] It is now recommended that patients who require nebulized epinephrine be monitored in the emergency department for 3 hours, 
and if they are stable at that time, it is probably safe to discharge them.[10] [19] [62] Finally, although racemic epinephrine (a mixture of the D and L isomers) is typically used because it was believed that it caused fewer cardiovascular side effects, it 
has now been shown that the L form, which is cheaper and pharmacologically far more active, is equally effective and has no greater incidence of side effects.[68] 

The use of corticosteroids in the management of croup is no longer controversial, although the mechanism of action for their beneficial effects is still unclear. Even though the known antiinflammatory effects of steroids may be important, the 
relatively rapid onset of action suggests a possible role of vasoconstriction with reduced vascular permeability.[19] [62] Although intramuscular dexamethasone was traditionally the preferred route, oral dexamethasone or nebulized budesonide 
have been shown to be equally effective.[10] [19] [62] The most common treatment dose is 0.6 mg/kg for dexamethasone (either route) and 2 mg for nebulized budesonide.

When medical management fails, direct airway support through intubation or tracheostomy may be necessary. Indications for such support include rising carbon dioxide levels, a worsening neurologic status, or a decreasing respiratory rate in 
the face of poor gas exchange. Nasotracheal intubation is the procedure of choice for control of the airway in a child with severe croup. An endotracheal tube one size smaller than normal is used because of the narrowed subglottic airway. 
Elective extubation may be attempted once the child has become afebrile, secretions have diminished, and an air leak around the tube is present when positive pressure ventilation is given.[43] Most children only require intubation for 2 to 3 
days. If a leak has not developed by 5 to 7 days or if a child has failed several attempts at extubation, endoscopy should be performed with consideration of a tracheostomy if significant edema, mucosal ulceration, or granulation tissue is 
present. If these criteria are followed, the incidence of acquired subglottic stenosis secondary to intubation is less than 3%.[43] 

Bacterial Tracheitis

Bacterial tracheitis is a serious pediatric pulmonary infection characterized by signs of acute upper airway obstruction and purulent debris within the tracheal lumen. Especially in its early stages, bacterial tracheitis may be difficult to 
differentiate from croup, because its most common presenting symptoms are cough and stridor.[5] Patients who are initially seen with a high fever and leukocytosis are somewhat more likely to have tracheitis, [16] but the absence of these signs 
does not rule out the diagnosis. To further complicate matters, bacterial tracheitis frequently develops as a sequela of croup.[5] [39] Soft-tissue lateral radiographs may be helpful, because a thick tracheal membrane may be seen on up to 80% of 
patients with bacterial tracheitis.[5] 

Endoscopy is usually necessary to make the diagnosis. The epiglottis and larynx are normal in appearance, but the trachea is characterized by thick, purulent secretions. It has been suggested that any child with crouplike symptoms who does 
not improve after several days of medical management or who has
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a high fever or leukocyte cell count should undergo bronchoscopy to rule out the presence of such secretions.[39] Once the diagnosis is made and cultures obtained, patients with bacterial tracheitis should be started on cefuroxime or some other 
broad-spectrum antibiotic. Historically, the most common pathogens isolated were Staphylococcus aureus and Haemophilus influenzae,[15] [17] but a more recent study also showed a significant percentage of Moraxella catarrhalis.[5] 

The decision to intubate is based on the severity of symptoms at the time of bronchosocopy. Although earlier series reported intubation rates >80%,[39] the only large recent series reported a rate of only 57%. Reasons given for the decreased 
rate were a slightly older patient population, a less-virulent disease presentation, and a greater willingness to manage airway problems expectantly.[5] In addition, no child in the latter series underwent tracheostomy. Finally, although serious 
sequelae such as toxic shock syndrome, secondary-acquired pneumonia, and acute respiratory distress syndrome (ARDS) have been described secondary to bacterial tracheitis,[8] [16] in the large series referenced previously, [5] all children 
recovered uneventfully.

Pediatric Epiglottitis

The rapid decline of pediatric epiglottitis caused by the development of a vaccine against H. influenza type B is well documented.[44] [56] In fact, many otolaryngologists may go through their entire residency without ever seeing an example of 
this disease. However, there are now reports of H. influenza epiglottitis in children who have completed their full vaccination schedule.[44] The cause of these vaccine failures is unclear, but their existence underscores the need for 
otolaryngologists to remain up to date on the presentation and treatment of this life-threatening illness.

Clinical features.

The onset of epiglottitis is acute, often in as little as 2 to 6 hours. The child has a high temperature, drools, and sits upright with greater inspiratory than expiratory stridor. A lateral extended soft-tissue radiograph is often diagnostic.

The inflammatory process occurs almost exclusively in the supraglottic larynx; a fiery, cherry-red epiglottis is the most impressive feature. However, aryepiglottic fold and false cord involvement also exist. Respiratory obstruction is 
probably caused by at least two factors: (1) a swollen epiglottis and aryepiglottic fold with supraglottic narrowing; and (2) excessive, tenacious oral and pharyngeal secretions that accumulate as a result of odynophagia. Sudden respiratory 
arrest may be caused by mucous plugging of the narrowed supraglottic airway, plugging of the supraglottic larynx during inspiratory efforts, or laryngospasm, to which these infants may be particularly susceptible if examined aggressively. 
The associated odynophagia from the marked inflammatory supraglottic process helps to distinguish this entity from croup.

Differential diagnosis.

Croup and epiglottitis are usually easily distinguishable. As described, the child with epiglottitis classically is seen with a 2- to 6-hour history of stridor, sitting upright, and drooling. The child with croup has a several-day history of 
prodromal symptoms with worsening stridor and a seal-like (croupy) cough. A foreign body can mimic either condition, depending on its position in the upper respiratory tract.

Medical management.

The cornerstone of epiglottitis management is antibiotics. A second- or third-generation cephalosporin, effective against β-lactamase-positive H. influenza, is the drug of choice. Ceftriaxone and cefuroxime are good examples. 
Corticosteroids are also commonly given,[42] although their efficacy has not been scientifically verified as is it has in the treatment of croup.

Airway management.



Airway management of a child with suspected epiglottitis begins when the child is seen in the clinic or emergency department. The first step is to notify the otolaryngologist and anesthesiologist on call. Examination of the child is minimal 
and confined to visual inspection and auscultation of the heart and lungs. The child who is stable may be taken to the radiology department, accompanied by the otolaryngologist or anesthesiologist, for a single soft-tissue lateral radiograph. If 
a portable film can be taken in the emergency department, that is preferable. The child is then taken to the operating room, where mask induction is performed by the anesthesiologist while the otolaryngologist readies the appropriate 
laryngoscopes and rigid bronchoscopes. Once an appropriate level of anesthesia has been reached, an intravenous line is started, and preparations are made for intubation. The larynx is visualized, and the diagnosis confirmed. Either 
nasotracheal or orotracheal intubation is performed, usually with an endotracheal tube one size smaller than would ordinarily be used for the child. The tube is carefully secured and the patient taken to the intensive care unit (ICU). Intubation 
is usually maintained for 24 to 48 hours. Readiness for extubation is determined by applying positive pressure to the endotracheal tube and listening for an air leak. After extubation, the child is observed in the ICU for 4 to 6 hours and then 
may be transferred to a medical floor.

The use of a tracheostomy for airway control is of historic interest only. In the most recent large study,
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94% of children admitted with epiglottitis were intubated, 6% were observed in the ICU while breathing spontaneously, and none underwent tracheostomy.[56] 

Adult Supraglottitis

Supraglottitis in the adult is, in general, a different disease from that in children. The clinical course is less acute, the patients appear less toxic, and airway compromise is less common.[42] [60] The most common presenting symptoms are sore 
throat and dysphagia.[11] [60] An elevated leukocyte count is seen in about two-thirds of patients, and blood cultures are almost uniformly negative, unless the infecting organism is H. influenzae.[11] [60] Cultures of the pharynx are also often 
negative, but of those that are positive, the most common pathogens are H. influenzae and β-hemolytic streptococcus.[11] Lateral soft-tissue neck radiographs may be obtained, but because they have a significant false-negative rate,[11] [60] they are 
not particularly useful.

The preferred method of diagnosis is visualization of the epiglottis and other supraglottic structures. Unlike in children, there have been no reported incidents in adults of indirect laryngoscopy precipitating an airway emergency, so if the 
patient is not in respiratory distress, it is appropriate for the otolaryngologist to confirm the diagnosis in the emergency department or clinic with either mirror examination or flexible laryngoscopy. The epiglottis may not have the bright 
cherry-red appearance described in children but rather may be pale, boggy, and edematous. Also, other supraglottic structures, such as the aryepiglottic folds, may be involved.

Treatment depends on the severity of airway symptoms at the time of presentation. Emergent intubation or tracheostomy is rarely indicated in adults, with quoted rates between 9% and 16%.[42] [60] However, all patients should be admitted for 
observation and intravenous antibiotics started after appropriate cultures are obtained. A second- or third-generation cephalosporin, active against ampicillin-resistant H. influenzae, is the drug of choice.[11] 

Although most adult patients with epiglottis are in no acute distress, there is clearly a subgroup of patients who have a more rapid clinical course and go on to have significant respiratory compromise. Patients who are seen with stridor, 
tachycardia, or rapid progression of symptoms (<12 hours) are at greater risk to require airway intervention, and most of these patients will have blood cultures positive for H. influenzae.[42] [60] 

An epiglottic abscess is a rare complication of supraglottitis that is seen almost exclusively in adults.[27] [60] The most common site of involvement is the lingual surface of the epiglottis, and significant airway obstruction may occur as a result of 
the expanding abscess and localized tissue edema. The most commonly isolated pathogens are Streptococcus and Staphylococcus species. Management consists of surgical drainage or admission to an ICU for careful observation and 
appropriate antibiotic and supportive measures. Recommended antibiotic coverage is the same as that for supraglottitis.

Whooping Cough

Whooping cough, caused by Bordetella pertussis, has been reported with increasing frequency in the United States.[2] Originally a disease of childhood, it is now more commonly seen in infants younger than 6 months and in adolescents and 
adults. Unlike other childhood diseases, such as measles, mumps, and rubella, there is apparently no passive immunity conferred by the mother to the child in utero, so that newborns are susceptible to B. pertussis infection until they receive 
their third immunization shot at 6 months. The reason for the increase in newborn infection is unclear. Widespread immunization for pertussis started in the 1940s, and there is some belief that there have been genetic changes in B. pertussis 
that have made the vaccine less effective. Others wonder if the potency of the vaccine itself has changed. On the other hand, there is evidence that much of the increase is simply because of greater awareness of the disease and better 
laboratory tests with which to diagnose it.[12] The reason for the increase in adolescents and adults is also unclear. Originally, it was believed that exposure to the natural disease conferred lifelong immunity, even though immunization with the 
B. pertussis vaccine provided a high degree of protection for only 3 years, after which resistance to infection gradually decreased. Thus, as a greater percentage of the population was vaccinated rather than exposed naturally to the disease, 
there would be more individuals who would become infected as adults. However, it has now been shown that acquiring pertussis naturally does not protect one from future infection any longer than vaccination.[12] 

The clinical presentation of pertussis has also changed. Adults may only display a severe and protracted cough,[74] whereas newborns, who usually exhibit the catarrhal stage and subsequent fever and leukocytosis, may or may not exhibit 
episodes of paroxysmal whooping cough typical of the disease in children. Management is supportive, with frequent suctioning often necessary in infants.

The recommended treatment for pertussis has not changed in more than four decades. Erythromycin, although not changing the clinical course of the disease, causes patients to become noninfectious after 1 or 2 days and also has a clear 
prophylactic effect on
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persons who have been exposed to an infected patient but have not become symptomatic. [1] In either case, 50 mg/day of the estolate ester form in four divided doses for 14 days is recommended. Recently, similar results have also been 
achieved with azithromycin. Simple once-a-day dosing at 10 mg/kg on day 1 followed by 5 mg/kg/day on days 2 to 5 was sufficient to eradicate 97% of positive cultures by day 3 and 100% when tested again 3 to 4 weeks later.[51] 

Other Acute Infections of Larynx

Mumps, measles, and chickenpox may cause localized laryngeal and tracheal inflammation. Mucous retention cysts of the larynx or even laryngoceles can become acutely infected, causing airway distress from local obstruction. Usually, 
indirect examination leads to the diagnosis, although occasionally axial computed tomography may help, especially with a laryngopyocele.



Conditions That May Mimic Acute Laryngeal Infections

In a child, a foreign body should always be considered in the differential diagnosis of acute epiglottitis or croup. In adults, an often overlooked cause of acute hoarseness or stridor is the swelling associated with cricoarytenoid arthritis. This 
symptom is most commonly seen in patients with rheumatoid arthritis but can also be a manifestation of other connective tissue disorders, such as systemic lupus erythematosus and Reiter's syndrome.[35] Management may include 
intraarticular injections of corticosteroids and systemic corticosteroids or other immunosupportive agents. The swelling may compromise the airway. Angioneurotic edema may occasionally be considered in the differential diagnosis of acute 
laryngeal swelling and erythema, but there is usually no associated fever or prodromal symptoms, and this entity is usually accompanied by associated oral, pharyngeal, or neck swelling.

Finally, generalized supraglottitis may also be associated with radiotherapy. However, it is important to know that various chemotherapeutic agents can exacerbate this reaction months to years after the initial management of the larynx with 
radiotherapy.[69] 

Chronic Infections

Patients with chronic laryngeal infections often are seen with a history and symptoms similar to those of laryngeal carcinoma. The patient complains of hoarseness, dyspnea, or pain and may report a history of weight loss and tobacco or 
alcohol abuse. The diagnostic challenge is to first rule out cancer and then establish the correct diagnosis.

Physical examination is often unrewarding. Diffuse laryngeal edema and erythema may be the only pathologic findings, and a noninfectious cause, such as gastroesophageal reflux, must be ruled out. Even if a discrete lesion is visible, it may 
mimic the appearance of a laryngeal tumor. In the past, this sometimes led to radical surgery for what turned out to be benign disease, such as a total laryngectomy for blastomycosis.[63] On the other hand, an even more dangerous course of 
action is for the clinician to suspect a benign process without aggressively searching for a possible carcinoma.

Biopsy is thus the cornerstone of an appropriate workup. In addition to sending tissue for the usual tissue stains, the clinician also should send appropriately prepared specimens for special fungal stains, acid-fast bacilli smears, and fungal and 
acid-fast bacilli cultures. The possibility of sarcoidosis, relapsing poly-chondritis, and autoimmune disorders should also be considered. If a diagnosis is still not obtained, the patient should be closely observed, and additional biopsies should 
be done if the symptoms or physical examination changes.

Tuberculosis

Tuberculosis was once the most common disease affecting the larynx. [31] [49] In the past, it commonly developed as a sequela of severe pulmonary tuberculosis. However, in the past 20 years, this pattern of involvement has changed, and many 
patients with laryngeal tuberculosis now are seen without pulmonary symptoms or a history of pulmonary tuberculosis.[31] [49] [53] Recently, it has been theorized that laryngeal involvement is now more commonly caused by hematogenous or 
lymphatic spread of the organism.[59] The most common presenting symptom of laryngeal tuberculosis is hoarseness, with a high percentage of patients also reporting dysphagia, odynophagia, cough, and weight loss.[31] [49] [53] Twenty percent to 
40% of patients show no evidence of pulmonary involvement,[49] [57] but purified protein derivative is usually positive. [31] [48] Almost any area of the larynx can be involved, as well as supraglottic structures such as the aryepiglottic folds and 
epiglottis.[31] [49] [57] [58] Lesions range from areas of nonspecific inflammation to a nodular, exophytic lesion or mucosal ulcerations.[31] [49] [57] [58] Many patients with laryngeal tuberculosis are older men with a history of tobacco and alcohol use, and 
because of their history and the appearance of the lesions, some cases of laryngeal tuberculosis were at first thought to represent squamous cell carcinoma.[58] Diagnosis is usually made by the combination of positive sputum samples, 
characteristic findings on chest radiography, and positive biopsies for acid-fast bacilli. Histopathologic examination of biopsied tissue reveals tubercles consisting of a homogenous caseous center (staining red with eosin), a periphery of pale 
epithelial
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cells containing one or more giant cells, and an outer zone of lymphocytes. Management is essentially medical and is dictated by the sensitivities of the organism. Multidrug resistance is a growing problem, both in the United States and 
especially overseas.

Histoplasmosis

Histoplasmosis is caused by the dimorphic fungus Histoplasma capsulatum, which exists as a yeast at normal body temperature. The mycelial form is found in soil with a high-nitrogen content, such as is provided by large amounts of bird or 
bat feces. Endemic regions include the Ohio and Mississippi River valleys, where 80% to 90% of the population may be infected. Infection is through inhaled spores. The disease may present as an acute pulmonary infection or a more 
indolent disseminated form. In most cases of pulmonary histoplasmosis, the inoculum is usually small, in which case the patient is asymptomatic and spontaneous recovery occurs. Occasionally, a large inoculum will produce a symptomatic 
illness whose symptoms are fever, malaise, weight loss, and a non-productive cough. Again, this is usually self-limited and requires no specific treatment. However, patients who have had either of the forms of pulmonary histoplasmosis may 
show small residual calcifications of the lungs and spleen.

The disseminated form of histoplasmosis occurs primarily in immunocompromised individuals such as patients with human immunodeficiency virus (HIV) and in those immunosuppressed because of organ transplant. It may manifest itself 
as an acute, subacute, or chronic illness. The acute form is rapidly progressive and often fatal. The subacute form presents with a less severe clinical picture and is associated with meningitis, endocarditis, hepatosplenomegaly, and anemia. It 
is the form most commonly seen in patients with HIV, and is an acquired immune deficiency syndrome (AIDS)-defining illness. Chronic disseminated disease has minimal systemic manifestations and tends to present as focal destructive 
lesions.

Otolaryngologic involvement has been reported to be 66% in chronic disseminated histoplasmosis, 33% in subacute, and 20% in acute.[25] However, because the acute form is usually rapidly fatal, most patients seen by the otolaryngologist 
have the subacute or chronic form of the disease. Mucosal ulcers of the upper aerodigestive tract (including the larynx) are the most common ear, nose, and throat manifestation. These lesions begin as flat, plaquelike nontender elevations or 
nodules that later ulcerate and become painful.[24] These ulcers may be found on any part of the larynx and may be mistaken for carcinoma or tuberculosis.[15] [52] The diagnosis of laryngeal histoplasmosis can be somewhat difficult. The 
histologic appearance depends on the degree of immune responsiveness and may show chronic inflammation, granuloma formation, and even pseudoepitheliomatous hyperplasia.[4] However, multiple small calcifications on chest radiography 
are almost pathognomonic, and the intracellular yeast buds may be seen with periodic acid-Schiff (PAS) or silver stains. A complement fixation test for histoplasmosis can be useful if high titers are seen.[15] Treatment is typically intravenous 
amphotericin B, 0.3 to 0.6 mg/kg/day, up to a total dose of 2 to 4 g. Oral antifungals such as fluconazole and itraconazole have also been tried with some success.

Blastomycosis



Blastomycosis is caused by Blastomyces dermatitidis, a dimorphic fungus that is a natural soil saprophyte and is found throughout the United States. The mode of infection is presumed to be inhaled spores, and the lung is the most common 
site of involvement. Other organ systems are infected secondarily through hematogenous spread. The skin is by far the most common extrapulmonary site, followed at some distance by larynx and bone.[54] Although the larynx is infrequently 
affected, blastomycosis is important, because its appearance can mimic a neoplastic process, such as verrucous or squamous carcinoma ( Figure 90-1 ). Several patients have been documented as having undergone surgery or radiation for 
squamous cell 

 
Figure 90-1 Blastomycosis of the larynx. A laser endotracheal tube is seen at the bottom, passing between the vocal cords. (Courtesy of Mark Weissler, M.D.) 
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Chapter 91 - CHRONIC ASPIRATION

Steven D. Pletcher 
David W. Eisele 

INTRODUCTION

The three major functions of the larynx—respiration, phonation, and airway protection—are intimately related. Impairment of laryngeal protective function can result in aspiration; the laryngeal penetration of secretions such as saliva, 
ingested liquids or solids, and refluxed gastric contents below the level of the true vocal cords.



A certain amount of aspiration is known to occur normally. Scintigraphic evaluation of healthy persons during sleep reveals aspiration in nearly 50% of subjects. [46] A certain amount of aspiration can be tolerated without complications, 
provided that tracheobronchial clearance is normal and defense mechanisms are intact. Contamination of the respiratory tract associated with aspiration can result in a spectrum of bronchopulmonary complications. The severity of 
complications depends on the volume and the character (e.g., pH) of the aspirated material. Respiratory complications of aspiration include bronchospasm, airway obstruction, tracheitis, bronchitis, pneumonia, pulmonary abscess, sepsis, and 
death.[4] [6] [20] Significant aspiration results in a high mortality rate.[9] 

Aspiration can be an isolated event related to temporary impairment of normal swallowing mechanisms and airway protection. Typically, isolated aspiration occurs because of neurologic dysfunction. This can result from a depressed state of 
consciousness related to drugs, alcohol, or metabolic derangement. In addition, seizure, injury, or infection can cause isolated aspiration. Elderly patients are more likely to experience aspiration, presumably related to physiologic and 
neurologic changes associated with age.[2] [11] [89] Patients with dentures experience impaired swallowing with decreased oral sensation and oral control, which may contribute to aspiration.

Chronic or intractable aspiration entails repeated episodes of aspiration. Patients with chronic aspiration require evaluation and effective management to prevent life-threatening complications. This chapter discusses the evaluation and 
management of patients with chronic aspiration and emphasizes surgical management.

ETIOLOGY

Chronic aspiration usually results from a severe loss of laryngeal protective function related to impaired motor activity or sensory loss. Chronic aspiration can occur despite healthy laryngeal function if dysfunctional swallowing is significant.

Box 91-1 lists causes of chronic aspiration. The most common cause is associated with cerebrovascular accidents, particularly those involving the brain-stem with bilateral cranial nerve (CN) deficits.[45] In addition, degenerative neurologic 
diseases are frequently associated with chronic aspiration. Peripheral nerve disorders, particularly those involving the CNs as well as neuromuscular diseases and muscular disorders, can cause recurrent aspiration. Diffuse neurologic 
dysfunction from head injury, anoxic brain injury, infection, or drug toxicity can cause severe dysfunction and chronic aspiration.[16] [40] [58] Chronic aspiration can also result from disorders of the pharynx and the esophagus, including 
neoplasms, postsurgical and postirradiation dysfunction, Zenker's diverticulum, stricture, and severe gastroesophageal reflux. [67] 

Chronic aspiration can occur in pediatric patients, in whom it is usually related to severe neurologic dysfunction resulting from cerebral palsy, anoxic encephalopathy, sequelae of neurologic trauma or surgery, tracheoesophageal fistula, and 
other severe congenital or acquired neurologic disorders.[57] 

SYMPTOMS

Patients may be aware of recurrent aspiration and may describe episodes of coughing or choking during swallowing. Some patients, however, may experience silent aspiration, whereby cough does not occur after laryngeal penetration.[44] [65] [66] 
Fever and respiratory
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symptoms such as productive cough with purulent sputum may occur, indicating an infectious complication. Patients may have weight loss, dysphonia, pain, dysphagia, odynophagia, or other symptoms depending on the cause of the 
underlying disorder.[45] Frequently, patients are severely ill because of their disease and secondary infectious complications.

 
 

Box 91-1. CAUSES OF CHRONIC ASPIRATION

Cerebrovascular accidents 
 
Atherosclerotic thrombosis 
 
Embolism 
 
Intracranial hemorrhage 
 
Degenerative neurologic diseases 
 
Parkinson's disease 
 
Amyotrophic lateral sclerosis 
 
Progressive supranuclear palsy 
 
Multiple sclerosis 
 
Neuromuscular and muscular disorders 
 
Poliomyelitis 
 



Myasthenia gravis 
 
Muscular dystrophy 
 
Myopathies 
 
Peripheral nerve disorders 
 
Cranial nerves 
 
Guillain-Barré syndrome 
 
Intracranial neoplasms 
 
Primary dysfunction related to neoplasm 
 
Postsurgical dysfunction 
 
Trauma 
 
Closed head injury 
 
Hematoma 
 
Anoxic brain injury 
 
Intracranial infection 
 
Pharyngeal disorders 
 
Neoplasms 
 
Postsurgical dysfunction 
 
Postirradiation function 
 
Zenker's diverticulum 
 
Cricopharyngeal dysfunction 
 
Stricture 
 
Esophageal disorders 
 
Reflux 
 
Achalasia 
 
Caustic injury 
 
Miscellaneous 
 
Severe illness 
 
Multisystem disease 
 
Drug intoxication 
 

 
 
EVALUATION



In the evaluation of a patient with chronic aspiration, a detailed medical history is important. Frequently, the cause of aspiration is apparent from the history. The medical history and history of prior surgery or injury should be thoroughly 
investigated.

A multidisciplinary approach to patients with chronic aspiration is important.[71] Frequently, an otolaryngologist-head and neck surgeon is consulted after complications of chronic aspiration have occurred. Once chronic aspiration has been 
identified, consultation with specialists in speech-language pathology, neurology, internal medicine, rehabilitation medicine, radiology, gastroenterology, thoracic surgery, and psychiatry may be beneficial. A cooperative effort in which each 
specialist provides his or her expertise ensures optimal care for the patient.

Physical examination should be thorough, with careful examination of the head and neck, including CN evaluation. Examination of the hypopharynx and larynx is performed by indirect mirror examination or fiberoptic nasopharyngoscopy. 
If these structures are not adequately visualized by these methods (e.g., in an endotracheally intubated patient), direct laryngoscopy is recommended. Esophagoscopy is performed if an esophageal abnormality is suspected. Pulmonary 
function tests help assess pulmonary function and reserve.

Radiography provides important diagnostic information and should include chest radiography and swallowing evaluation. A videofluoroscopic swallowing study reliably provides information about the precise physiologic nature of aspiration 
and swallowing disturbance and about the degree of aspiration.[28] [92] Logemann[68] described a modified barium swallow in which small amounts of barium are used because of the risk of aspiration. Different consistencies of contrast material 
are used to assess whether consistency alteration has any effect on aspiration reduction. A videofluoroscopic swallowing study performed in conjunction with a speech-language pathologist allows radiographic assessment of the effects of 
swallowing therapy and maneuvers on control of aspiration.[69] [84] 

Functional endoscopic evaluation of swallowing (FEES) was proposed by Langmore and colleagues[54] in 1988 as an alternative to videofluoroscopy for the evaluation of dysphagia. In this study, dyed pudding and liquids are swallowed by 
the patient, and nasopharyngeal fiberoptic observation is performed. The swallow is recorded and reviewed for evidence of oral leakage, pharyngeal stasis, laryngeal penetration, and aspiration. A assessment of FEES suggests that it has 
similar sensitivity and specificity to that of videofluoroscopic examination, with the advantages of lower cost, decreased radiation exposure, and bedside availability. [3] [25] [55] [60] [99] In general, the choice between
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videofluoroscopy and FEES is dependent on multiple factors, including physician and speech-language pathologist preferences and hospital availability.

Scintigraphy may help quantify the magnitude of aspiration,[77] [90] but in general it adds little information beyond that obtained from a FEES or a videofluoroscopic swallowing study for the management of aspiration. Other imaging studies that 
may provide important information include computed tomography and magnetic resonance imaging of the head and neck and soft tissue radiography of the neck.

Comprehensive evaluation of the aspirating patient ideally determines the cause of the underlying disorder or disorders causing aspiration. A thorough search for any correctable cause of aspiration (e.g., obstructing lesion, Zenker's 
diverticulum, cricopharyngeal muscle dysfunction, esophageal motility disorder) is important to management.

Frequently, progressive functional deterioration can be anticipated for certain degenerative neurologic diseases and malignant neoplasms. It can be extremely difficult, however, to predict the time course of improvement and recovery for 
cerebrovascular accidents, head injuries, anoxic brain injuries, postsurgical dysfunction, and other disorders. Multispecialty input is helpful in planning management for these difficult cases.

NONSURGICAL MANAGEMENT

Initial management of a chronically aspirating patient should include appropriate antibiotics for any infectious complications. Aggressive pulmonary therapy is instituted. All oral intake is discontinued, and an alternative route of alimentation 
is provided. Enteral routes of alimentation include small, soft nasogastric feeding tubes, cervical esophagotomy, piriform sinusotomy, gastrostomy, and jejunostomy. Gastrostomy can easily be performed percutaneously with minimal 
morbidity. Patients with significant reflux may benefit from a tube passed through a gastrostomy into the small intestine or jejunostomy.

Depending on the cause of aspiration, nasogastric feeding tube alimentation decreases but does not eliminate the risk of aspiration.[23] Some researchers believe that nasogastric feeding tubes may actually predispose to aspiration.[1] [38] In 
addition, nasogastric feeding tubes can be uncomfortable and aesthetically displeasing when used for long periods. Gastrostomy alone has been shown to not decrease aspiration in neurologically impaired patients.[42] [49] Some patients may be 
candidates for parenteral hyperalimentation if gastrointestinal function is impaired (e.g., in patients with acute severe brain injury).[80] 

Proper nursing care includes special positioning of the patient, such as elevation of the head of the bed for patients with severe reflux. However, one study showed no significant difference in aspiration with respect to patient position when 
the patient was endotracheally intubated.[38] Frequent suctioning of the oral cavity and oropharynx is also important.

TRACHEOTOMY

A tracheotomy tube with a low-pressure cuff provides comfortable airway control for patients requiring intubation and facilitates pulmonary toilet in patients with copious secretions. Tracheotomy also effectively reduces the pulmonary dead 
space. Despite these advantages, tracheotomy cannot be relied on to eliminate aspiration.[14] [19] In addition, tracheotomy has been implicated as a causative factor for aspiration. The proposed mechanisms include esophageal compression via 
inflated tracheotomy cuff,[8] [79] desensitization of the larynx from diversion of airflow through the tracheotomy,[39] impaired laryngeal elevation through tethering of the larynx by the tracheotomy tube, [13] disruption of the normally closed 
aerodigestive system,[78] disordered laryngeal reflexes due to chronic upper airway bypass,[47] [86] [88] reduced effectiveness of cough to clear secretions from the upper airway,[78] [93] and an inability to generate subglottic air pressure.[30] [76] However, in 
a study of 20 patients evaluated with FEES before and after tracheotomy (within 1 month), no causal relationship between tracheotomy and aspiration was demonstrated.[59] Nonetheless, use of a one-way valve (Passé-Muir valve) may 
improve the patient's ability to clear secretions from the airway by increasing subglottic pressure during swallowing and coughing.

In general, the use of a tracheotomy tube for aspiration control requires close attention and skilled care, particularly for a debilitated patient. Several studies have examined the effect of endotracheal and tracheotomy tube cuffs on the 
prevention of aspiration. Although low-pressure, high-compliance cuffs are the most effective in minimizing cuff leak, they do not prevent aspiration.[7] [81] [82] 

VOCAL CORD MEDIALIZATION

Vocal cord paralysis can result in chronic aspiration, particularly when combined with a laryngeal sensory deficit (e.g., a high vagal lesion). Vocal cord injection with polytetrafluoroethylene (Teflon) paste or an absorbable material such as 



collagen, autologous fat, or collagen derivatives can be performed endoscopically or transcervically to achieve vocal cord medialization and to prevent aspiration related to vocal cord paralysis.[62] [72] [85] Bilateral vocal cord injection with Teflon, 
however, has been shown to be an unreliable method for the prevention of chronic aspiration.[61] 
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Alteration of the laryngeal framework by medialization laryngoplasty using an implant is another excellent technique for vocal cord medialization.[48] [51] Carrau and colleagues[22] reported that 94% of patients with high vagal lesions experienced 
improved swallowing after medialization thyroplasty with or without arytenoid adduction. In the same study, 79% of patients who presented with tracheotomies underwent successful decanulation after laryngeal framework surgery.

SURGERY

Sometimes a correctable cause of chronic aspiration is not identified, and nonsurgical and minor surgical procedures (e.g., tracheotomy, vocal cord medialization) do not prevent chronic aspiration. In these cases, surgical separation of the 
upper digestive tract from the upper respiratory tract is necessary to prevent the morbidity and mortality of recurrent respiratory tract soilage. A reasonable probability of survival and duration of survival are necessary prerequisites for this 
surgery.

Clinical judgment should be used to determine the likelihood of recovery of laryngeal protective function and to identify patients who require prompt surgical intervention to separate the upper digestive and respiratory tracts to prevent death. 
The patient's general medical and mental status, severity of illness, and potential quality of life should be addressed.[12] Patients may have to sacrifice normal phonation and laryngeal respiration to ensure the restoration of airway protection. 
This difficult issue requires thorough discussions of management options and sequelae with the patient and family members.

"Ideal" Surgical Procedure for Chronic Aspiration

The ideal surgical procedure for chronic aspiration would be uniformly effective in preventing aspiration, would be simply achieved, and would have few complications and low morbidity. Ideally, the procedure could be performed with 
local anesthesia for debilitated patients. In addition, the ideal procedure would allow phonation and deglutition and would be reversible should be underlying cause of aspiration improve. Many surgical options have been described for the 
management of chronic aspiration ( Table 91-1 ).

Laryngectomy

Before 1970, laryngectomy was considered the surgical management of choice for chronic aspiration. This procedure provides definitive separation of the upper digestive and respiratory tracts. Narrow-field laryngectomy ( Figure 91-1 ) is 
used, in contrast to the total laryngectomy performed for malignancy. This procedure  

TABLE 91-1 -- SURGICAL MANAGEMENT OF CHRONIC ASPIRATION

Reversible Procedures Irreversible Procedures

Laryngotracheal separation Subperichondrial cricoidectomy

Tracheoesophageal diversion Narrow-field laryngectomy

Epiglottic flap laryngeal closure Glottic closure

Endolaryngeal stent  

Double-barrel tracheostomy  

Partial cricoidectomy  

Vertical laryngoplasty  

 
preserves the hyoid, strap muscles, and as much hypopharyngeal mucosa as possible. Closure without tension and with reinforcement minimizes the potential postoperative complications of pharyngeal stenosis and fistula.[15] 

Laryngectomy also is practical because of the low likelihood of recovery of most patients with chronic aspiration.[21] [43] However, because of the negative psychosocial aspects of laryngectomy, most patients and family members are reluctant 
to consent to laryngectomy for chronic aspiration. Narrow-field laryngectomy can be performed with local anesthesia. Tracheoesophageal puncture and placement of a voice prosthesis can be used for vocal rehabilitation after laryngectomy 
in selected patients. Because of the disadvantage of irreversibility of laryngectomy and the observation that some patients with chronic aspiration recover, other surgical procedures have been developed since the 1970s for the surgical 
management of chronic aspiration.

Subperichondrial Cricoidectomy

An option for definitive surgical separation of the upper respiratory and digestive tracts when no chance of recovery of function is expected is subperichondrial cricoidectomy[34] ( Figure 91-2 ). In this technique, the anterior aspect of the 
cricoid cartilage is exposed. The perichondrium of the anterior cricoid cartilage is divided vertically in the midline to expose the cricoid cartilage. The outer cricoid perichondrium is raised with an elevator to the posterior cricoid lamina, and 
the inner cricoid perichondrium is elevated from the cricoid cartilage circumferentially. The cricoid cartilage is then removed piecemeal bilaterally using biting forceps, and the posterior cricoid lamina is preserved. The inner perichondrium 
and subglottic mucosa are transected horizontally, inverted, and closed, creating a subglottic pouch. The closure is buttressed
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Figure 91-1 Narrow-field laryngectomy. A, Outline of larynx removal; the hyoid is preserved. B, Closure of the pharynx. C, Closure is reinforced with sternohyoid muscles. D, A tracheostoma is created. 

 

Figure 91-2 Subperichondrial cricoidectomy. A, Cricoid incision. B, The cricoid cartilage is opened. C, Outer cricoid perichondrial dissection. D, Inner cricoid perichondrial dissection. E, The inner perichondrium and mucosa are divided 
and closed. F, Cut ends of the inner mucosal tube are folded in, and the sutured end is closed. G, The sternohyoid muscle is insinuated into the cricoid space. H, Closure with the outer perichondrium closed over muscle. 

 

Figure 91-3 Endolaryngeal stent. 

 

Figure 91-4 Vented endolaryngeal stent. 



 

Figure 91-5 Epiglottic flap closure of larynx. A, Superior view. B, Lateral view. 

 

Figure 91-6 Vertical laryngoplasty. A, Incision along epiglottis, aryepiglottic folds, arytenoids, and interarytenoid area. B, Submucosal flaps are created. C, Inner layer closure. D, Outer layer closure. 

 

Figure 91-7 Glottic closure procedure. A, Midline thyrotomy, removal of the glottic mucosa and transglottic sutures placed for closure. B, False vocal cords are approximated. C, The glottis is closed. 

 

Figure 91-8 Tracheoesophageal diversion. 

 



Figure 91-9 Laryngotracheal separation. 

 

Figure 91-10 Modified tracheoesophageal diversion. 
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Chapter 92 - LARYNGEAL AND ESOPHAGEAL TRAUMA

Steven D. Schaefer 

INTRODUCTION

Within the neck are the elements necessary to connect and coordinate the function of the head with the body. Injury to the neck can disrupt any of these vital functions and may involve bony, soft tissue, vascular, and central nervous system 
elements. Although many associated injuries may appear more impressive, correct management of the neck injury with immediate attention to securing the airway is always the first priority. A multidisciplinary approach is very useful 
because each member of the team contributes expertise in a particular area.

This chapter addresses the management of nonvascular soft tissue injuries of the neck, primarily laryngeal trauma. Experience in managing laryngeal trauma is limited because of the rarity of this injury. External laryngeal trauma accounts 
for only 1 in 30,000 emergency room visits.[35] Iatrogenic laryngeal injury had been becoming more frequent with the increased incidence of long-term endotracheal intubation. This may have stabilized or even declined with improved 
technique and preventive measures. Although these injuries are rare, their initial management has a tremendous impact on the immediate probability of survival of the patient and the patient's long-term quality of life.

MECHANISMS OF INJURY



Injury to the larynx is uncommon for several reasons. The inferior projection of the mandible affords significant protection from anterior blows. Posteriorly, the larynx is protected by the rigid cervical spine. Nonetheless, injuries occur, and 
the resultant damage to the larynx is usually characteristic of the mechanism of injury. The mechanisms of laryngeal injury can be divided into blunt trauma, including clothesline, crushing, and strangulation injuries; penetrating trauma; 
inhalation injuries; and injuries caused by caustic ingestions.

Anterior blunt injuries are most commonly the result of motor vehicle accidents ( Figure 92-1 ). [26] [29] The incidence of this type of injury is declining, presumably because of mandatory seat belt laws, lower speed limits, and better education 
regarding drunk driving. The use of front seat air bags may reduce the incidence even further. If no seat belt is worn or if only a lap belt is used, the driver is thrust forward during rapid deceleration with the neck in a hyperextended fashion. 
This position removes the bony protection afforded by the mandible, exposing the larynx to anterior crushing forces. If the larynx then strikes the steering wheel or dashboard, it can be compressed between these objects and the cervical spine.
[26] 

Clothesline injuries occur when the rider of a vehicle such as a motorcycle or snowmobile encounters a fixed horizontal object, such as a clothesline, at neck level. This type of injury imparts a large amount of energy over a relatively small 
area, resulting in massive trauma.[4] Many of these injuries lead to immediate death resulting from a crushed larynx or separation of the cricoid from the larynx or trachea.

Strangulation injuries occur from manual compression, from assaults with strangulation by a soft object, or from attempted suicides by hanging. Typically, the initial finding may be hoarseness or abrasions on the skin of the overlying neck. 
However, these injuries may later (in 12–24 hours) be associated with marked edema of the larynx and resultant loss of airway.[38] The magnitude of the force sustained to the anterior neck should be considered in the course of managing such 
patients to avoid subsequent potential loss of the airway. [31] Overall, in blunt trauma to the anterior neck, fractures of the thyroid cartilage occur more frequently than do injuries of all other airway cartilages combined.[12] 

Penetrating trauma, in contrast to trauma from motor vehicle accidents, had been increasing because of a rise in the number of personal assaults ( Figure 92-2 ).[27] For example, in a review of 148 cases of penetrating neck trauma, injury to the 
larynx or trachea
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Figure 92-1 With a lap belt and without a shoulder harness, the neck is extended, removing protection that the mandible affords the neck. The larynx is crushed between the steering wheel and the cervical spine. (Redrawn from Schaefer S: 
Ann Otol Rhinol Laryngol 91:399, 1982.) 

 

Figure 92-2 Penetrating injuries from high-velocity weapons. Tissue damage extends beyond the zone of obvious necrosis. 

 

Figure 92-3 Various injuries can be encountered in the larynx. (From Schaefer SD: Op Tech Otolaryngol Head Neck Surg 1:65, 1990.) 



 

Figure 92-4 Computed tomography shows a hematoma involving the right vocal fold (arrows) with the thyroid cartilage intact. The injury was completely resolved with only medical management. Fracture of the right anterior thyroid lamina 
with angulation is seen. The management consisted of open reduction and internal fixation. 

 

Figure 92-5 Management protocol for an acutely injured larynx. (From Schaefer SD: Arch Otolaryngol 118:603, 1992.) 



 

Figure 92-6 Exploration of the larynx is performed via a midline thyrotomy or via a paramedian vertical thyroid cartilage fracture. (From Schaefer SD: Op Tech Otolaryngol Head Neck Surg 1:65, 1990.) 

 

Figure 92-7 A, A soft tissue lateral radiograph of the neck shows a bullet in the pharynx and subcutaneous emphysema. The larynx of the same patient is exposed by midline thyrotomy. B, Right hemilarynx has been avulsed by intubation. A 
clamp is holding the mucosa of the right side of the larynx. (From Schaefer S: Ann Otol Rhinol Laryngol 91:399, 1982.) 

 



Figure 92-8 A, A Portex endotracheal tube stent in the larynx. B, The upper end of the modeled stent should be placed at the level of the aryepiglottic folds, and the lower limit of the stent should rest at the first tracheal ring. The stent is held 
in place by 0 Prolene or Mersilene sutures, which are passed through the laryngeal ventricle and cricothyroid membrane using an 18-guage spinal needle. The sutures are held in place using skin buttons. (From Schaefer SD: Op Tech 
Otolaryngol Head Neck Surg 1:65, 1990.) 

 

Figure 92-9 After endolaryngeal surgery is complete, with or without stenting, the scaphoid shape of the anterior commissure should be restored by suturing the most anterior aspect of the vocal folds to the outer perichondrium of the thyroid 
cartilage (see enlargement). This maneuver often avoids the need for stenting as long as the anterior commissure was intact before surgical exploration and no lacerations involve this site. (From Schaefer SD: Op Tech Otolaryngol Head Neck 
Surg 1:66, 1990.) 

 

Figure 92-10 A laryngeal stent can be fabricated from a Portex endotracheal tube by using a 3.5- to 4-cm straight segment of the endotracheal tube that is cross-clamped with two parallel straight clamps. The first clamp is placed within 2 to 
3 mm of the upper end of the tube, and the second clamp is positioned approximately 0.5 cm below the first clamp. The upper end of the tube is closed with 2-0 silk suture. The clamped tube is placed within a steam autoclave that is 
manually raised to 180°F and immediately decompressed. (From Schaefer SD: Op Tech Otolaryngol Head Neck Surg 1:65, 1990.) 



 

Figure 92-11 Anterior defects of the cricoid ring are repaired by mobilizing the sternohyoid muscle over the cricoid defect. The muscle is then sutured to the adjacent remnants of the cricoid cartilage and the cricothyroid membrane. (From 
Schaefer SD: Op Tech Otolaryngol Head Neck Surg 1:66, 1990.) 

 

Figure 92-12 Computed tomography of initially unrecognized laryngeal fractures in a 23-year-old woman shows fixated arytenoid cartilages and fracture of the thyroid cartilage. The patient remained aphonic and tracheotomy dependent for 
4 years until the larynx was reconstructed. 

 



 
REFERENCES  
 
1. Bhanot S and others: The efficacy of resorbable plates in head and neck reconstruction, Laryngoscope 112:890, 2002.  
 
2. Braun U: A comparison of the proseal laryngeal mask to the standard laryngeal mask on anesthesized, non-relaxed patients, Anasthesiol Intensivmed Notfallmed Schmerzther, 12:727, 2002.  
 
3. Bumpous JM and others: Penetrating injuries of the visceral compartment of the neck, Am J Otolaryngol 21:190, 2000.  
 
4. Close DM: Traumatic avulsion of the larynx, J Laryngol Otol 95:1157, 1981.  
 
5. Close LG and others: Cricoarytenoid subluxation, computed tomography, and electromyography findings, Head Neck Surg 9:341, 1987.  
 
6. de Mello-Filho FV, Carrau R: The management of laryngeal fractures using internal fixation, Laryngoscope 110:2143, 2000.  
 
7. Friedman WH and others: Computed tomography vs laryngography: a comparison of relative diagnostic value, Otolaryngol Head Neck Surg 89:579, 1981.  
 
8. Grillo HC: Circumferential resection and reconstruction of the mediastinal and cervical trachea, Ann Surg 162:374, 1965.  
 
9. Harrison DFN: Bullet wounds of the larynx and trachea, Arch Otolaryngol Head Neck Surg 110:203, 1984.  
 
10. Hirano M, Kurita S, Terasawa R: Difficulty in high-pitched phonation by laryngeal trauma, Arch Otolaryngol Head Neck Surg 111:59, 1985.  
 
11. Joo HS and others: PVC tracheal tubes exert forces and pressures seven to ten times higher than silicone or armoured tracheal tubes: an in vitro study, Can J Anaesth 49:986, 2002. 

2102

 
 
12. Khokhlov VD: Knitted fractures of the laryngopharynx framework as a medical legal matter, Forensic Sci Int 104:147, 1999.  
 
13. Kleinsasser NH and others: External trauma to the larynx: classification, diagnosis, therapy, Eur Arch Otorhinolaryngol 257:439, 2000.  
 
14. Krekorian EA: Laryngopharyngeal injuries, Laryngoscope 85:2069, 1975.  
 
15. Lemay SR: Penetrating wounds of the larynx and cervical trachea, Arch Otolaryngol Head Neck Surg 94:558, 1971.  
 
16. Leopold DA: Laryngeal trauma, Arch Otolaryngol Head Neck Surg 109:106, 1983.  
 
17. Lupetin AR, Hollander M, Rao VM: CT evaluation of laryngeal trauma, Semin Musculoskelet Radiol 2:105, 1998.  
 
18. Maceri DR, Mancuso AA, Canalis RF: Value of computed axial tomography in severe laryngeal injury, Arch Otolaryngol Head Neck Surg 108:449, 1982.  
 
19. Mancuso AA, Hanafee WN: Computed tomography of the injured larynx, Radiology 133:139, 1979.  
 
20. Meredith JW, Kon ND, Thompson JN: Management of injuries from liquid lye ingestion, J Trauma 28:1173, 1988.  
 
21. Meyer JP and others: Mandatory vs selective exploration for penetrating neck trauma, Arch Surg 122:592, 1987.  
 
22. Miles WK, Olson NR, Rodriguez A: Acute treatment of experimental laryngeal fractures, Ann Otol Rhinol Laryngol 80:710, 1971.  
 
23. Miller LH: Laryngotracheal trauma in combat casualties, Ann Otol Rhinol Laryngol 79:1088, 1970.  
 
24. Mumtaz H and others: Successful management of a nonmalignant esophageal perforation with a coated stent, Ann Thorac Surg 74:1233, 2002.  
 
25. Nahum AM: Immediate care of acute blunt laryngeal trauma, J Trauma 9:112, 1969.  
 
26. Nahum AM, Siegel AW: Biodynamics of injury to the larynx in automobile collisions, Ann Otol Rhinol Laryngol 76:781, 1967.  
 
27. Olson NR: Surgical treatment of acute blunt laryngeal injuries, Ann Otol Rhinol Laryngol 87:716, 1978.  
 
28. Olson NR, Miles WK: Treatment of acute blunt laryngeal injuries, Ann Otol Rhinol Laryngol 80:705, 1971.  
 
29. Pennington CL: External trauma of the larynx and trachea, Ann Otol Rhinol Laryngol 81:546, 1972.  



 
30. Saletta JD and others: Penetrating trauma of the neck, J Trauma 16:579, 1976.  
 
31. Schaefer SD: Acute management of external laryngeal trauma: a 27 year experience, Arch Otolaryngol Head Neck Surg 118:598, 1992.  
 
32. Schaefer SD: Primary management of laryngeal trauma, Ann Otol Rhinol Laryngol 91:399, 1982.  
 
33. Schaefer SD, Brown OE: Selective application of CT in the management of laryngeal trauma, Laryngoscope 93:1473, 1983.  
 
34. Schaefer SD, Carder HM: Fabrication of a simple laryngeal stent, Laryngoscope 40:1561, 1980.  
 
35. Schaefer SD, Close LG: Acute management of laryngeal trauma, Ann Otol Rhinol Laryngol 98:98, 1989.  
 
36. Schaefer SD, Close LG, Brown OB: Mobilization of the fixated arytenoid in the stenotic posterior laryngeal commissure, Laryngoscope 96:656, 1986.  
 
37. Stanley RB, Cooper DS, Florman SH: Phonatory effects of thyroid cartilage fractures, Ann Otol Rhinol Laryngol 96:493, 1987.  
 
38. Stanley RB, Hanson DG: Manual strangulation injuries of the larynx, Arch Otolaryngol Head Neck Surg 109:344, 1983.  
 
39. Thomas GK, Stevens MH: Stenting in experimental laryngeal injuries, Arch Otolaryngol Head Neck Surg 101:217, 1975.  
 
40. Tomaselli F and others: Management of iatrogenous esophagus perforations, Thorac Cardiovasc Surg 50:168, 2002.  
 
41. Trone TH, Schaefer SC, Carder HM: Blunt and penetrating laryngeal trauma: a 13-year review, Otolaryngol Head Neck Surg 88:257, 1980.  
 
42. Tseng YL and others: Early surgical correction for isolated gastric stricture following acid corrosion injury, Dig Surg 19:276, 2002.  
 
43. Whited RE: A prospective study of laryngotracheal sequelae in long term intubation, Laryngoscope 94:367, 1984.  
 
44. Williams MW: Suprahyoid release for tracheal anastomosis, Arch Otolaryngol Head Neck Surg 99:255, 1974.  
 
45. Zargar SA and others: Ingestion of corrosive acids: spectrum of injury to upper gastrointestinal tract and natural history, Gastroenterology 97:702, 1989.  
 

2103

Chapter 93 - SURGICAL MANAGEMENT OF UPPER AIRWAY STENOSIS

David Goldenberg 
Ramon Esclamado 
Paul Flint 
Charles W. Cummings 

INTRODUCTION

This chapter discusses the surgical management of adult laryngeal and upper tracheal stenosis. The causes and pathophysiology of laryngotracheal stenosis are outlined, and the surgical options and controversies are evaluated and discussed 
in the context of selecting the appropriate techniques for specific problems.

Successful repair requires establishing an adequate airway while preserving the laryngeal functions of airway protection, phonation, and sustained glottic closure to increase intrathoracic pressure. Laryngotracheal injuries are rarely identical 
among patients. The injury may vary in location, severity, duration, cause, and degree of functional impairment. Selection of the appropriate surgical repair should consider these factors in conjunction with the patient's associated injuries, 
medical problems, and psychosocial milieu. The variety of techniques for a specific problem attests to the difficulty of obtaining consistent long-term results with any one specific repair and to the complexity of laryngotracheal stenosis.

PATHOPHYSIOLOGY

Adult laryngotracheal stenosis has many various etiologies ( Table 93-1 ). The pathophysiologic processes that result in a stenosis should be taken into consideration, because they often affect management decisions in terms of the timing of 
surgical intervention, the surgical procedure chosen, and the outcome. For example, repair of a subglottic stenosis in a patient with active Wegener's granulomatosis would be deferred until systemic treatment has ameliorated the systemic 
symptoms, and it often requires multiple procedures because of exacerbation of the disease.[44] Similarly, caution should be used when managing a patient with a posterior glottic stenosis resulting from radiotherapy who has a marginal but 
adequate airway, because the relative lack of blood supply may worsen the stenosis or result in chondroradionecrosis.

The most common causes of laryngotracheal stenosis continue to be external trauma to the neck and prolonged endotracheal intubation. Both can result in acute and chronic stenosis; however, the pathophysiologic processes that lead to 



chronic stenosis differ. The larynx and trachea can be considered as a semirigid tubular structure. When the laryngotracheal complex is injured by external trauma, disruption of the cartilaginous framework, hematoma in the laryngeal spaces, 
and mucosal disruption usually result. Resorption of the hematoma can cause cartilage loss and extensive deposition of collagen. Subsequent scar contracture will result in stenosis and loss of motility.

The location, mechanism, and severity of the laryngeal injury caused by external trauma vary.[82] By contrast, the injury from endotracheal intubation is usually initiated by ischemic necrosis of the mucosa by the endotracheal tube.[86] [87] 
Mucosal ulceration in the presence of bacterial infection can lead to perichondritis and chondritis with cartilage resorption. Healing occurs by secondary intention with subsequent submucosal fibrosis and scar contraction. Injuries from 
endotracheal intubation occur primarily in the posterior glottis as a result of pressure exerted by the wall of the tube and tracheal injury from the pressure of the cuff on the tube tip. The latter injury has been reduced significantly with low-
pressure, high-volume cuffs. Other factors, including tube size and composition, duration of intubation, and laryngeal movement, also contribute to the development of laryngotracheal stenosis. However, with the widespread acceptance and 
use of endotracheal intubation to provide ventilatory and airway support, preventive efforts have been directed toward modifying endotracheal tube design.[72] [86] 

2104

 
TABLE 93-1 -- CAUSES OF ADULT LARYNGEAL AND UPPER TRACHEAL STENOSIS

Trauma

••External laryngotracheal injury

••••Blunt neck trauma

••••Penetrating wound of the larynx

••Internal laryngotracheal injury

••••Prolonged endotracheal intubation

••••Posttracheotomy

••••Postsurgical procedure

••••Postirradiation therapy

••••Endotracheal burn

••••••Thermal

••••••Chemical

Chronic inflammatory disease

••Bacterial Diphtheria

••Syphilitic

••Fungal histoplasmosis

••••Tuberculosis

••••Leprosy

••••Sarcoidosis

••••Scleroma

Benign neoplasms

••Intrinsic

••••Papillomas

••••Chondromas

••••Minor salivary gland

••••Neural

••Extrinsic

••••Thyroid

••••Thymus

Malignant neoplasms

••Intrinsic

••••Squamous cell carcinoma

••••Minor salivary gland



••••Sarcomas

••••Lymphoma

••Extrinsic

••••Thyroid

Collagen vascular disease

••Wegener's granulomatosis

••Relapsing polychondritis

••Other
 
Patient-dependent processes may also influence tolerance to the endotracheal tube and the development of stenosis. Patients with diabetes mellitus, congestive heart failure, or a history of stroke have an increased incidence of severe acute 
laryngeal injury from intubation, thus prompting early tracheotomy.[85] In addition, gastroesophageal reflux should be considered as a cause and potentiator of laryngotracheal stenosis, which can be managed with H2 blockers.[38] 

CLASSIFICATION OF STENOSIS

Multiple staging systems exist for airway stenosis; these are based on function or location of the stenotic section. Perhaps the most common—albeit general—classification system divides laryngeal obstruction into four grades: Grade I, less 
than 50% laryngeal lumen obstruction; Grade II, 50% to 70% obstruction; Grade III, 71% to 99% obstruction, with minimal lumen present; and Grade IV, complete obstruction, with no lumen present.

In 1980, Bogdasarian and Olson[3] classified the extent of posterior glottic stenosis into the following four types: Type I, vocal process adhesion; Type II, posterior commissure stenosis, with scarring in the interarytenoid plane and internal 
surface of the posterior cricoid lamina; Type III, posterior commissure stenosis with unilateral cricoarytenoid joint ankylosis; and Type IV, posterior commissure stenosis with bilateral cricoarytenoid joint ankylosis. This classification for 
posterior glottic stenosis was proposed on the basis of a worsening degree of injury and poorer outcome.

McCaffrey[47] showed that, in a series of 72 patients, the site of stenosis most consistently predicted the time to decannulation in univariant and multivariant analyses, and he used this as a basis for a clinical staging system. In this classification 
system, Stage 1 lesions are confined to the subglottis or trachea and are less than 1 cm long. Stage 2 lesions are subglottic stenoses longer than 1 cm within the cricoid ring without extension into the glottis or trachea. Stage 3 lesions extend 
into the upper trachea but do not involve the glottis, and Stage 4 lesions involve the glottis with fixation or paralysis of one or both vocal folds.[47] This clinical staging system is highly predictive for successful decannulation. Ninety percent of 
Stage 1 and 2 patients, 70% of Stage 3 patients, and 40% of Stage 4 patients are successfully decannulated.[48] 

SURGICAL PRINCIPLES

Goals and Assessment

The goal of any surgical procedure designed to correct laryngotracheal stenosis is to establish a satisfactory airway, which implies decannulation. To accomplish this goal for a patient, every effort should be made to preserve the other 
important laryngeal functions of phonation, airway protection, and glottic closure. When the stenosis involves the glottic or supraglottic larynx, surgical procedures designed to improve the airway often compromise other laryngeal functions. 
The anticipated overall function of the larynx and the impact on the quality of life of the patient after surgical intervention should be carefully discussed with the patient so that expectations are reasonable.

Several guidelines should be considered when determining the appropriate assessment and management
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in cases of airway stenosis. Accurate assessment of the stenosis in terms of location, dimensions, quality (soft vs fibrous), associated vocal fold motion impairment, and degree of functional impairment is essential. Initial evaluation should 
therefore include a history detailing the degree of subjective impairment perceived by the patient together with objective measures (e.g., observing the patient walking 200 feet and climbing a flight of stairs, pulmonary function testing [flow 
volume loop]). [9] [13] 

Indirect laryngeal examination followed by direct laryngoscopy and bronchoscopy is essential. High-resolution computed tomography of the larynx and trachea may be useful. Recently, three-dimensional computed tomography with volume 
rendering[25] ( Figure 93-1 ) or virtual endoscopy[34] has been employed to evaluate the extent or severity of the stenosis. This is particularly useful for cases in which the airway cannot be adequately assessed by laryngoscopy or endoscopy.

An important consideration is the reestablishment of structural support, usually by repositioning existing cartilage or, more commonly, through the use of cartilage or bone grafts. Other important considerations are the preservation of 
existing mucosa and the judicious use of antibiotics, stents, and skin or mucosal grafts to minimize infection, granulation tissue formation, and subsequent collagen deposition.

Timing of Repair

The timing of repair of a chronic laryngotracheal stenosis is generally elective. The development of stenosis requires scar contracture; therefore, the onset of symptoms is more insidious. Patients with 

 
Figure 93-1 Three-dimensional computed tomography scan with volume rendering of patient with significant tracheal stenosis. 



 

TABLE 93-2 -- INDICATIONS FOR LARYNGEAL USE OF A MICRODÉBRIDER

Internal laryngoceles

Tumor debulking

Supraglottic, glottic, subglottic, and tracheal lesions

Removal of Teflon granulomas

Subglottic and tracheal stenotic lesions

Excision of tracheostomal granulation tissue

Respiratory papillomatosis

Laryngeal cysts

Anterior commissure lesions (only in conjunction with CO2 laser or monopolar suction cautery for hemostasis)

Relative contraindications for laryngeal use of microdébrider

Vascular lesions
 
 
Figure 93-2 Powered instrumentation (microdébrider). Tricut blade (upper), for use in larynx, subglottis, and trachea, and skimmer blade (lower), for removal of mucosal lesions. 

 

Figure 93-3 Endoscopic view of endolaryngeal lesion removal using the round blade of a microdébrider. 
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Epidermal grafts have been advocated to interrupt this process and result in healing similar to that of primary intention with minimal collagen deposition. When a stable cartilaginous framework is present, the tendency for the epidermal graft 
to contract is less, because the laryngeal skeleton acts as an external splint.[83] The indications, techniques, and results of skin grafting as an important adjunct in laryngotracheal reconstruction have been well described.[62] 

The disadvantage of epidermal grafts in laryngotracheal reconstruction is that the larynx is not an ideal site to accept free epidermal grafts. The recipient bed is often not well-vascularized, particularly when a free cartilage or bone graft is 



used; the larynx is in constant motion with swallowing and neck movements; and the bed is potentially contaminated when a tracheotomy is present. A nonvascularized epidermal graft in the airway can become infected, thereby exacerbating 
the process of healing by secondary intention. An epidermal graft is useful when a large mucosal defect is present with adequate cartilaginous support. When cartilage or bone grafts that would require prolonged rigid internal stenting are 
used, epidermal grafts may be detrimental. In this instance, satisfactory results can be obtained by allowing healing and mucosalization around the stent and by not introducing a graft that, if infected, could jeopardize the skeletal 
reconstruction.

Use of Stents

Internal laryngeal and subglottic stenting is widely used with acceptable results; however, questions about the indications for stenting, the optimal type of stent, and the duration of stenting are largely unresolved. Internal stenting with soft or 
firm materials increases local infection, mucosal ulceration, and granulation tissue and is directly related to the duration of stenting.[83] Capillary blood flow ceases with pressure of 20 to 40 mm Hg in mucosa closely adherent to cartilage, 
which can initiate ischemic mucosal injury.[59] Therefore, several authors advocate avoiding internal stenting (unless absolutely necessary) and minimizing the duration of stenting. However, internal stenting is commonly used for specific 
indications: (1) to provide support for cartilage and bone grafts or to splint displaced cartilage fragments in the desired position; (2) to allow approximation and immobilization of epidermal grafts to a recipient site; (3) to separate opposing 
raw surfaces during healing; and (4) to maintain lumen in a reconstructed area that lacks adequate cartilaginous support and requires scar formation.

The optimal stent has not been determined, as evidenced by the various stents available. A tantulum[51] or umbrella silicone keel[55] is useful for anterior glottic webs, but, for more severe laryngotracheal stenosis, various stents are commonly 
used, including the Montgomery laryngeal stent ( Figure 93-4 ), the Aboulker stent, the swiss roll siliconized rubber stent, and the finger cot stent; each has proponents who describe good results.[17] [30] [54] [92] In general, a soft stent should be used 
to minimize pressure on mucosal surfaces when cartilaginous support is satisfactory and when the indication for stenting is to splint an epidermal graft or to separate opposing raw mucosal surfaces. A finger cot with a povidone-iodine-
soaked sponge is an excellent soft stent; an alternative is a Montgomery laryngeal stent that is firm but conforms to endolaryngeal contours. A firm stent is required when the cartilaginous framework or graft requires splinting or when 
inadequate cartilage is present, thereby requiring that luminal support be achieved through collagen deposition and scar contraction. A solid stent is preferable to a hollow stent for minimizing aspiration. However, a soft, hollow stent such as 
the Montgomery -tube allows phonation. This type of stent is commonly used for subglottic and upper tracheal stenosis; appropriate patient selection and education are essential, because this is a single-lumen tube with a greater risk of 
airway obstruction.[8] [54] An Aboulker stent can be used for subglottic or combined subglottic and laryngeal stenosis. The advantage of this stent is that it is used with a double cannula metal tracheostomy tube, and it is secured to the tube, thus 
preventing removal.[92] Modifications of this technique that allow tracheotomy changes have recently been described.[52] 

 
Figure 93-4 Thyrotomy with Montgomery stent in place. 

 

Figure 93-5 A through D, Rib graft for posterior subglottic stenosis. 



 

Figure 93-6 Endoscopic view of an arytenoidectomy. 

 

TABLE 93-3 -- TRACHEAL STENOSIS MANAGEMENT

Open resection and repair

Endoscopic dilatation/laser excision

Stent placement

Silicone stents (e.g., Dumon, Rusch Y)

Expandable stents (e.g., Gianturco Z, Wallstent, Nitinol)

Flexible silicone stents (e.g., PolyFlex)
 
microdébrider resection may also be performed. If the lumen is larger than 6 mm in diameter, intubation is carried out above the lesion, and dissection is performed carefully to prevent airway obstruction.[48] If a tracheotomy is planned 
postoperatively, it should be performed under local anesthesia at the onset of reconstruction.

Cicatricial Membranous Stenosis

Granular or fibrous stenosis of the cervical trachea with intact cartilage can initially be managed endoscopically. CO2 laser excision of granular stenosis is useful because tracheotomy can be avoided, and the granular stenosis can be resected 
accurately with minimal bleeding. If the stenosis is circumferential, partial resections should be staged 2 to 4 weeks apart to prevent the formation of a circumferential denuded area of trachea that can re-stenose. Fibrous stenosis can be 
excised by a microtrapdoor technique.[11] 

Open repair of a cicatricial membranous stenosis requires approaching the stenosis through a vertical midline incision through the anterior tracheal wall to expose the entire length of the stenosis. Care is taken to prevent lateral dissection, 
because the vascular supply to the cervical trachea from the inferior thyroid 

 
Figure 93-7 A, Silicone -tube stents in tracheal stenosis. B, Open placement of -tube. 

 

Figure 93-8 Near-complete tracheal stenosis managed with segmental resection with primary anastomosis. 



 

Figure 93-9a Flow-volume loop for assessing adequacy of the upper airway. A, Normal examination shows expiratory flow indicated by positive deflection and inspiratory flow indicated by negative deflection. 

 

Figure 93-9b B, A patient with bilateral vocal fold motion impairment shows variable extrathoracic obstruction with a midvital capacity inspiratory flow rate (VI50 ) of less than 1.5 L per second. C, A patient with an infiltrative tumor and a 
fixed obstruction. 



 

Figure 93-10 Assessment of arytenoid mobility and interarytenoid tethering by direct palpation. A, Endoscopic appearance of bilateral abduction paralysis. B, Palpation of the arytenoid cartilage to assess mobility. C, Diagnosis of 
interarytenoid tethering. From Cummings CW and others, editors: Atlas of laryngeal surgery, St. Louis, 1984, Mosby. 

 

Figure 93-11 Technique for endoscopic arytenoidectomy. A, An incision is made on overlying arytenoid cartilage. B, Arytenoid cartilage is separated and removed. C, Needlepoint electrocoagulation is applied to the arytenoid bed. D, Vocal 
fold lateralization by cicatricial contraction. From Cummings CW and others, editors: Atlas of laryngeal surgery, Mosby, St. Louis, 1984. 

 

Figure 93-12 Technique for endoscopic vocal fold lateralization. A, An incision is made lateral and parallel to the vocal fold. B, A wedge of thyroarytenoid muscle is removed, and the base is cauterized. C, Placement of transcutaneous 
sutures. D, The vocal fold is lateralized by a temporary suspension suture. E, The site 6 weeks after sutures are removed. From Cummings CW and others, editors: Atlas of laryngeal surgery, St. Louis, 1984, Mosby. 

 



Figure 93-13 Endoscopic laser cordotomy. A, The site of the vestibulectomy incision is designed to improve access for cordotomy. B, The site of cordotomy is outlined anterior to the vocal process. C, Initial posterior glottal enlargement is 
obtained with cordotomy. D, Endoscopy result after the healing process. 

 

Figure 93-14a External approach for vocal fold lateralization. A, The line of incision is made medial to sternocleidomastoid muscle border. B, The sternocleidomastoid muscle retracts to reveal underlying structures. C, The thyropharyngeal 
constrictor muscles are separated. D, The cricothyroid joint is exposed. E, The cricothyroid joint is disarticulated. F, The posterior and lateral cricoarytenoid muscles are separated, and the cricoarytenoid joint is disarticulated. G, A vertical 
incision is made to remove arytenoid cartilage. H, A suture through the vocal process is stabilized around a cornu of thyroid cartilage. 



 

Figure 93-14b I, The thyropharyngeal constrictor muscles are approximated. J, The vocal fold is lateralized. From Cummings CW and others, editors: Atlas of laryngeal surgery, St. Louis, 1984, Mosby. 

 

Figure 93-15 Inferior cricoid split with placement of posterior cartilage graft for laryngeal stenosis or bilateral vocal fold paralysis. A, Incision through the anterior cricoid and first tracheal ring provides exposure of interarytenoid region in 
the posterior aspect of the cricoid. B, The cricoid is split posteriorly, preserving the outer perichondrium; the outer perichondrium is elevated posteriorly on both sides, thereby creating a pocket to receive a cartilage graft. C, Rib cartilage is 
harvested and fashioned with inner and outer flanges to provide stabilization; grafts should provide 1 to 1.5 cm of displacement. D, Placement of a cartilage graft posteriorly with anterior and posterior flanges; the outer perichondrium and 
cartilage anteriorly are sutured with interrupted 3.0 Prolene sutures. 

 

Figure 93-16a Neuromuscular pedicle reinnervation technique for vocal fold lateralization. A, A line of incision at the midthyroid cartilage level. B, The pedicle is formed with a segment of omohyoid muscle with accompanying nerve, 
artery, and vein. C, The thyropharyngeal constrictor muscles are incised. 



 

Figure 93-16b D, The larynx is retracted, and the arytenoid cartilage is palpated; myotomy is seen in the posterior cricoarytenoid muscle. E, The pedicle is sutured into the cricoarytenoid muscle. F, The thyropharyngeal constrictor muscles 
are approximated. G, The omohyoid pedicle is sutured to the posterior cricoarytenoid muscle. From Cummings CW and others, editors: Atlas of laryngeal surgery, St. Louis, 1984, Mosby. 
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Chapter 94 - THE PROFESSIONAL VOICE

Gregory N. Postma 
Mark S. Courey 
Robert H. Ossoff 

INTRODUCTION

Care of patients who use their voices professionally requires knowledge and skills not easily mastered within the field of otolaryngology alone. It is part of the discipline of performing arts medicine. The laryngologist enlists the expertise of 
speech pathologists and singing voice scientists to retrain and rehabilitate the professional voice patient. A team approach is mandatory and has been strengthened over the past decade by the establishment of several multidisciplinary voice 
centers.

Professional voice patients are a diverse group. Limiting the definition to singers and actors is too narrow. Any person who depends on speaking or singing skills for employment (e.g., salesmen, receptionists, telephone operators, lawyers, 
clergy, teachers, politicians, public speakers, and most physicians) should be considered a professional voice user because all of these persons place diverse yet significant demands on their voices.

Singers and actors place the greatest demand on the vocal apparatus. The extraordinary amount of practice and performance stress these people are under exceeds that of any other type of vocal professional. They are often highly trained and 
push their voices to their physical limits. No other patients are as sensitive to subtle changes in their vocal abilities. Singers and actors with voice disorders often challenge the most experienced laryngologist. The knowledge and expertise 
gained from managing these patients can and should be generalized to care for other professional and nonprofessional patients with voice disorders.

ANATOMIC CONSIDERATIONS

Voice is an extremely sensitive indicator of emotional status and general health. Therefore, when evaluating the vocal professional with a voice disorder, the entire body and psyche should be considered. The body itself is the vocal 
instrument, and the larynx is the most sensitive part of the instrument. Altered function in nearly any area of the vocal professional's body can result in vocal changes. The larynx, therefore, should not be evaluated as an isolated entity.

Sound generation of any type requires a power source, a vibrator, and a resonator. The lungs are the power supply, the larynx is the vibratory source, and the supraglottal vocal tract (supraglottal pharynx, oral cavity, and potentially the nasal 
cavity) is the resonator that shapes the sound into words and song. The sound of the voice is affected by changes in any of these three systems, which should be considered as a unit during evaluation of the professional voice patient.

Laryngeal function depends on extrinsic and intrinsic laryngeal musculature. The extrinsic laryngeal muscles alter the position of the larynx. Classically trained singers use the extrinsic musculature to stabilize the larynx within the neck 
when singing.[92] The intrinsic laryngeal muscles allow delicate control of adduction, abduction, and tension of the vocal folds.

Within the larynx, the human vocal folds are unique structures with no correlates in another animal species. Hirano and others[46] [47] have provided an understanding of the laminar structure of the human vocal fold and described the cover-body 
theory of vocal fold vibration. The vocal fold is covered by a layer of stratified squamous epithelium. The subepithelial tissue, the lamina propria, is divided into superficial, intermediate, and deep layers. The superficial layer, often called 
Reinke's space, is composed of fibroblasts, which produce proteins to form an extracellular matrix of loose connective tissue. The intermediate layer is composed chiefly of elastin fibers, and the deep layer is composed primarily of collagen 
fibers. Collagen fibers from the deep layer blend into the underlying
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thyroarytenoid muscle, which forms the main bulk of the vocal fold ( Figure 94-1 and Figure 94-2 ).

In the cover-body theory of vocal fold vibration, the cover is composed of the overlying epithelium combined with the superficial layer of the lamina propria. The intermediate and deep layers of the lamina propria, known as the vocal 
ligament, form a transition zone, and the body is composed primarily of the thyroarytenoid muscle. The contrasting masses and physical properties of the vocal fold cover and the body causes them to move at different rates as air passes 
between the vocal folds. This movement, or vibration, creates sound by chopping the airstream. The sound, a buzzing-like tone, is modulated by the supraglottal vocal tract into speech or song.

Blood vessels enter the vocal fold anteriorly and posteriorly. Vessels run parallel to the longitudinal axis of the fold. This arrangement allows the cover to vibrate over the body without placing excessive stretch or shearing forces on the 
vessels. Electron microscopy has shown that several arteriovenous shunts are 

 
Figure 94-1 Cross section of a true vocal fold stained for elastin (black) and collagen (yellow). The trilaminar arrangement to the lamina propria is shown. Nonkeratinized squamous epithelium forms the mucosal layer over the superficial 
portion of the lamina propria. The black arrow indicates the superficial portion, the red arrow indicates the intermediate layer, which is rich in elastin, and the blue arrow is pointing to the deep layer, which is rich in collagen (Movat stain; 
×40). 



 

Figure 94-2 Cross section of a true vocal fold under higher magnification. Collagen with increased cross-linking appears deeper yellow (blue arrow) compared with less cross-linked collagen in the superficial portion of the lamina propria 
(black arrow) (Movat stain; ×100). 

 

Figure 94-3 Arrangement of structures visible with the electron microscope from the basement cell to the fibers of the superficial layer of the lamina propria. AP, attachment plaques; DP, subbasal dense plate; AFL, anchoring filaments; AF, 
anchoring fibers. (From Gray SD and others, editors: Molecular and cellular structure of vocal fold tissue. In Vocal fold physiology, San Diego, CA, 1993, Singular Publishing Group.) 

 

Figure 94-4 The basement membrane and basal lamina of cell anchoring fibers that attach to the lamina densa of the basement membrane, and type 111 collagen fibers passing through the loops of the anchoring fibers. (From Gray SD, 
Pianatni SS, Harding P: J Voice 8:48, 1994.) 

 

Figure 94-5 Vocal fold vibration. The frontal section (left column) and the view from above (right column). (From Hirano M, Bless DM: Videostroboscopic examination of the larynx, San Diego, CA, 1993, Singular Publishing Group.) 



 

TABLE 94-1 -- LARYNGOVIDEOSTROBOSCOPY INTERPRETATION

Criteria Result

Symmetry: Normal

 Side to side

 Teeter-totter

 Vertical O not symmetric

Amplitude: Right equals left

 Right is greater than left

 Left is greater than right

 Both decreased

Periodicity: Yes, consistent

 Yes, inconsistent

 No, inconsistent

 No, consistent

Mucosal wave: Right normal

 Right great

 Right abnormal pattern

 Right decreased

 Right adynamic (where)

 Left normal

 Left great

 Left abnormal pattern

 Left decreased

 Left adynamic (where)

Closure: Complete, long

 Complete, short

 Small posterior chink



 Large posterior chink

 Slit

 Elliptic

 50% Elliptic

 Hourglass

 Asymmetric hourglass

 Other

RECORDING QUALITY (1 = Poor, 2, 3, 4 = Great)

Focus __________ Size __________ Brightness __________

Color __________ Notable feature __________

Videotape number: __________

Verbal diagnosis:

____________________
 
VOICE ANALYSIS

Several methods quantify voice or measure vocal vibration. No single test is considered the gold standard to document vocal fold function. All tests have significant limitations. In addition, intrapatient and interpatient variability exists. 
Therefore, in professional voice patients, perceptual analysis by a trained observer and patient satisfaction with vocal outcome are often the most useful indicators of a successful intervention. Most laryngologists consider objective and 
semiobjective voice analysis to be important, particularly regarding preoperative and postoperative voice
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documentation. Little agreement exists as to the optimal tests and their performance, relative importance, or interpretation.

Acoustic Measures

Acoustic analysis has been used to objectively document voice and to compare preoperative and postoperative surgical results. Acoustic measures include fundamental frequency, perturbation or cycle-to-cycle variation in frequency and 
amplitude, maximal phonation range, and others. Comparison of interval examinations requires a high-quality microphone and recording system with strict standardized recording techniques and patient tasks. Although several computer-
integrated acoustic analysis systems are available, they are of limited benefit for the average patient. The reliability of acoustic measures, secondary to variation in patient effort, is limited. In addition, the validity of acoustic measures 
designed to evaluate periodic vibration is questionable in dysphonic voices because dysphonia results from aperiodic vibration.

Spectrometry

Spectrometry provides a visual display of vocal harmonics and noise plotting time, intensity, and frequency. It shows the impact of resonance (formant structure) and articulation on the laryngeal buzz. Spectral analysis can evaluate and 
compare resonance changes and may be useful in documenting vocal alterations after surgical procedures on the pharynx. Some laryngologists have found this to be valuable in singers and other professional voice patients.[5] [78] 

Electroglottography

Electroglottography measures the efficiency of glottal closure by graphically recording the contact time of the vocal folds. It shows the opening and closing rates of the vocal folds not well visualized by stroboscopy. Electroglottography is 
performed by passing a low-voltage, high-frequency current between two electrodes placed on either side of the patient's neck. It measures the electrical impedance that varies with opening and closing of the glottis. Some clinicians consider 
this measure objective and reproducible. Electroglottography may provide clinically useful information when combined with laryngeal stroboscopy or other vocal measures.[6] [64] [68] 

Aerodynamic Measures

Aerodynamic studies are based on the fluid mechanics of airflow and involve the measure of airflow, volume, and pressure. Some are related to Ohm's law (R = P/F, in which R is laryngeal resistance, P is subglottal pressure, and F is 
airflow).

Normative aerodynamic data are very broad, making almost useless comparisons among patients. However, changes in measures after intervention in individual patients are quite useful, particularly when evaluating changes in laryngeal 
closure.

Standard pulmonary function testing may be used to objectively evaluate the lungs. Mild obstructive or restrictive pulmonary disorders can be found to be the basis of a patient's vocal fatigue or dysphonia. Bronchodilator trials and 
methacholine challenge may rule out cough variant asthma and other types of reactive airway disease.

Subglottal pressure is usually measured indirectly rather than by tracheal puncture or esophageal balloon. It is measured via oral pressure when the glottis is open. The oral pressure achieves equilibration with the subglottal pressure across 
the open vocal folds for voiceless stop consonants, such as /p/ or /t/.[87] 



Maximum phonation time is an average of the (1) phonation length in one breath voicing the vowel /a/ at a comfortable pitch and (2) loudness after deep inspiration. It is highly variable but reasonably estimates laryngeal competence and 
glottal closure.

Mean airflow rate (airflow volume divided by phonation time) of a sustained vowel /a/ is occasionally tested. In general, low flow rates suggest laryngeal hyperfunction, obstruction, or primary pulmonary disorders. Increased values imply 
abnormalities in glottal competence, allowing air loss.

Perceptual Analysis

To evaluate the professional voice, the "trained" ear remains the most discerning instrument.[7] [28] [61] Perceptual improvement or degradation of the professional voice to the performer, manager, other performers, the laryngologist, speech 
language pathologist, and singing voice scientist is critical. To make perceptual vocal analysis more objective, vocal characteristics can be evaluated independently in a systematic manner. In addition, judges are trained in vocal evaluation to 
decrease subjective bias. However, agreement on the terminology of vocal characteristics is not universal. Hirano[48] proposed the GRBAS scale (grade, rough, breathy, asthenic, strained), which is widely used. However, Sundberg[91] and 
Kreiman and others[60] performed research in this area, and they concluded that the clinical application of perceptual analysis remains difficult at this time.[60] [91] 

Voice Outcomes

Because of daily variation in vocal measures, vocal quality is frequently best judged by measures of patient satisfaction or direct comparisons of voice at different times. Patient satisfaction can be assessed through direct questioning or 
specially designed questionnaires
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for rating perceived vocal problems. Voice can be directly compared using taped samples. By eliminating dates and other identifying factors, blinded analysis of vocal changes can be determined. A panel of judges can thus evaluate objective 
qualitative changes in a blinded manner over time. This is useful to determine the effect of a specific therapeutic intervention.

Outcomes research is becoming valuable in studying many disorders. A voice handicap index has been developed to quantify a patient's perception of his or her voice and its change in response to therapy.[12] This method of research should 
prove valuable for assessing professional voice patients.

EVALUATION

Medical History

A complete history of the present illness and past medical problems is necessary. Several laryngologists have developed patient questionnaires to obtain the most complete history possible and to streamline the evaluation process.[77] 

Salient points regarding a patient's past medical history and general health include diseases that affect pulmonary status, posture, and hydration. Any underlying chronic or acute pulmonary condition can significantly affect a singer's voice. 
Asthma, emphysema, or chronic bronchitis, all of which impair pulmonary function, will decrease a singer's power supply to the voice. Musculoskeletal injuries will alter posture and impair a patient's ability to position the larynx within the 
neck, leading to vocal dysfunction. Prescription and nonprescription drugs alter the voice through effects on the autonomic nervous system and indirect effects on the larynx and vocal tract.[55] [93] Drugs that alter a patient's emotional status 
affect the manner in which the patient approaches the vocal task. Drug-induced changes in hydration lead to poor laryngeal lubrication, which affects vocal fold vibration. History taking in a female singer should include questions regarding 
oral contraceptives and hormonal drugs (e.g., danazol), which may adversely effect the voice.[14] [84] [98] 

A singer's personal habits should also be reviewed. Moderate use or abuse of alcohol is detrimental to the voice through dehydration and effects on judgment. Caffeine (a diuretic) and high-fat dairy products affect the voice by thickening 
mucous secretions and decreasing the efficiency of vibration. Certain foods and alcohol exacerbate gastroesophageal reflux.[55] Finally, all tobacco use should be evaluated. Inhaled smoke is particularly irritating to the mucosa acutely and is 
highly refluxagenic, which means it will lead to decreased vibratory efficiency. In addition, it can induce neoplastic changes.

A history of surgery is important to obtain in patients with laryngeal dysfunction. In addition to questions concerning head- and neck-related procedures, any history of endotracheal intubation should be identified because it can adversely 
affect the larynx. Recent abdominal or thoracic surgery could also greatly restrict a singer's capacity for inspiration or expiration for many weeks or months after the operation.

The identification of endocrine dysfunction is often useful. The laryngeal manifestations of hypothyroidism can lead to potentially dramatic edema in Reinke's space.[44] Even mild hypothyroidism can cause a muffling of the voice, decreased 
range, and vocal fatigue.

Less well understood are the vocal changes caused by hormonal fluctuations in women just before and during menstruation. Flach and others[34] stated that 75% of female singers show a premenstrual change in their voices manifested as 
decreased range and vocal fatigue[34] Using cytologic smears, Abitbol and others[2] objectively showed cyclical changes in vocal fold epithelial cells corresponding to the menstrual cycle. This has been termed laryngopathia praemenstrualis. [63] 
Vocal fold varices often increase in size before and during menstruation and have been associated with an increased incidence of submucosal vocal fold hemorrhage.[22] [79] Vocal fold varices are most commonly found in female professional 
voice patients. [1] [22] [67] [73] 

The history should also address what type of formal vocal training the singer has had. Does the patient have a current vocal coach, or has the patient changed coaches recently? What are his or her long-term goals? A trained vocalist may be 
able to fix the vocal technique more easily than an untrained vocalist.

History of Present Illness

The exact nature of a singer's complaint should be reviewed with care. A vocal professional may simply complain of "hoarseness." This common term describes various vocal abnormalities, including (most frequently) loss of upper register, 
roughness, pitch instability, difficulty in transition between singing registers, and early vocal fatigue. These are frequently symptoms of laryngeal edema, muscle tension dysphonia, extraesophageal reflux, upper respiratory infections, 
nonneoplastic lesions, or poor vocal technique. Patients, therefore, should be questioned specifically about range, pitch breaks, anterior cervical discomfort, esophageal reflux, and stamina. The onset and offset of the vocal difficulty can often 



provide clues regarding the cause. Specifically, time of the difficulty throughout the day, situations that aggravate the dysphonia, events that immediately precede the onset of
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the difficulty, and the association between dysphonia and voice use are significant in determining the cause and may aid in management.

Professional activities that can contribute to these problems include air travel, performing on older indoor stages, exposure to chemicals and fumes, required use of the speaking voice, and overscheduling of performances. Air travel remains a 
problem for the serious voice user because the air on planes is very dry (5%–10% relative humidity) and affects the larynx; also, the high background noise tempts the patient to speak more loudly.[32] Performing on older stages, which may be 
dusty, and traveling in areas with a large amount of allergens can degrade a patient's voice. Exposure to other types of irritants, including tobacco smoke at parties or at performances in smoke-filled rooms, also affects the voice. Vocal 
professionals required to give multiple interviews often develop dysphonia of various degrees. A singer's schedule may make it difficult for the singer to drink large quantities of water to lubricate the vocal cords, and although a singer may 
complain of singing problems, the main difficulty is voice abuse caused by excessive speaking. Significant abuse of the speaking voice leads to eventual singing difficulties.

Often, a younger vocal professional will not seek help until the problem becomes significant or the performer is about to go on tour or has a performance in the near future. Management of the problem may vary depending on when the next 
performance is to take place. This should be considered when developing a management plan.

Physical Examination

Every voice patient presenting to the otolaryngologist or laryngologist should undergo complete examination of the head and neck. The physical evaluation of the vocal professional begins with observation of gait and posture as the patient 
walks into the physician's office. Does the patient stand comfortably erect with shoulders slightly back or slouched? Does the patient appear tense and anxious?

While taking the history, the physician should evaluate the quality of the patient's speaking voice. The frequency or pitch should be appropriate for the performer's age, gender, and body habitus. Intensity should be appropriate for 
conversational speech. The timing of voice onset should be studied, including speech breaks and the overall rhythm. Finally, vocal quality is evaluated for roughness, breathiness, asthenia, or constriction.

Certain areas of the nonlaryngeal examination are key. Jaw range of motion should be checked, and the temporomandibular joint should be palpated. Temporomandibular joint dysfunction can create significant muscular tension difficulties 
in a professional voice patient. Tenderness in the anterior neck or the cervical paraspinal musculature can be caused by laryngeal hyperfunction.

The ears should be examined for any abnormalities, and an audiogram should be obtained. Hearing loss, particularly if sensorineural, can cause a singer to sing too loudly, resulting in excessive trauma to the vocal folds.

The nasal examination can provide information about mucous membrane disease. Pale and edematous nasal mucosa suggests the presence of significant allergies. Evidence of a chronic infection with purulent discharge or crusting should be 
sought. Nasal obstruction can lead to chronic mouth breathing. The subsequent exposure of the larynx to unfiltered dry air can cause significant dysphonia by thickening the secretions and therefore increasing the phonation threshold 
pressure. In addition, the nature of the patient's secretions can be determined by noting their consistency in the nose and oral cavity. Cough resulting from chronic postnasal drip can also lead to vocal fold edema.

There are three ways to examine the larynx: with a laryngeal mirror, a rigid telescope, or a flexible fiberoptic laryngoscope. The first and classical method is with a laryngeal mirror. This gives the most natural color on examination and 
potentially allows a panoramic view of the entire larynx. This is optimal in determining subtle signs of old vocal fold hemorrhage.

Vocal professionals are evaluated with the rigid telescope and flexible fiberoptic laryngoscope. Single-point light sources, however, can distort color, and this should be considered when evaluating the larynx. Rigid indirect endoscopy and 
flexible laryngoscopy are complementary; each has certain advantages. By using both methods, the laryngologist can fully evaluate the professional voice patient. Use of the rigid telescope requires that the examiner gently grasp the patient's 
tongue and draw it forward. This maneuver alters the patient's normal use of the supraglottal vocal tract and articulators, making glottal closure and laryngeal hyperfunction difficult to interpret. The telescope, however, provides the best 
illumination and magnification, allowing an unparalleled view of the larynx and the opportunity for outstanding photodocumentation. Small lesions or areas of vascular abnormality in the larynx, which may be missed with the mirror or 
flexible fiberoptic laryngoscopy, can be identified with a 70- or 90-degree telescope. In addition, laryngovideostroboscopy is performed optimally through the rigid telescope compared with the flexible device. The picture is clearer, larger, 
and brighter and therefore allows the examiner to better evaluate the laryngeal vibratory pattern.
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Flexible fiberoptic laryngoscopy allows examination of a vocal professional in more natural fashion. The patient can use connected speech or can sing during evaluation of the supraglottal vocal tract and larynx. This provides a better 
evaluation of vocal biomechanics, particularly in a hyperfunctioning larynx. Finally, the flexible fiberoptic scope is better tolerated in patients who cannot tolerate a rigid telescope because of an anatomic variant or a dramatic gag reflex. 
Drawbacks of the optical system include the well-known fisheye distortion of the peripheral image, decreased resolution, linear color stripe distortion on video imagery (moiré effect), and decreased illumination, which makes stroboscopy 
more difficult to interpret ( Table 94-2 ). [17] This is less difficult than using flexible endoscopes with distal chip cameras.

The presence of a large mucosal lesion or paralysis of the vocal folds may be apparent to the examiner. Certain, sometimes subtle, laryngeal findings may be less apparent. The presence of thick, tenacious mucous secretions should be noted 
and compared with the usually seen watery lubrication, which is preferable. Evidence of vocal fold swelling, ventricular effacement, and erythema, swelling, or granular tissue in the posterior glottis may indicate extraesophageal reflux. 
Areas of vocal fold edema, particularly in the middle third of the fold, may be present in a vocal professional who complains of slight dysphonia. Evidence of hyperfunction should be sought. This can manifest in its most subtle form as 
widening of the posterior glottis. More severe hyperfunction could show closure of the false vocal folds (plica ventricularis) as well as anterior to posterior contraction of the supraglottis. If these are present, subtle vocal fold paresis should 
be considered.

The vocalist should be evaluated by a vocal pedagogue if examination does not reveal the cause of dysphonia. The singer's posture and general stance should be noted. The "singer's stance" is a fully upright position with the feet about 
shoulder width  

TABLE 94-2 -- LARYNGEAL EXAMINATION



 Laryngeal Mirror Flexible Fiberoptic Laryngoscope Rigid Telescope

Operator ease +++ +++ ++++

Patient tolerance +++ +++ ++

Photographic quality -- ++ ++++

Magnification -- + ++++

Color ++++ ++ +++

Laryngovideostroboscopy -- ++ ++++

Observation of speech/singing -- ++++ ---

Evaluation of vocal mechanics -- ++++ ----

+, Advantageous; - disadvantageous.
 
apart and the weight slightly forward on the balls of the feet. Frequently, commercial performers are required to play instruments while singing. In this instance, the patient should be observed holding the instrument. Facial, shoulder, or 
cervical tension should be noted if present when the patient is singing. Is the singer using the abdominal muscles appropriately to support the singing voice or breathing only with the use of chest and shoulders? The presence or absence of 
laryngeal elevation with increasing pitch should be recorded. This is considered poor technique in a classically trained singer and can lead to vocal fatigue caused by excessive muscular tension. In commercial singing, however, laryngeal 
elevation can often be used to achieve a desirable sound, and elimination of elevation causes an uncharacteristic vocal quality.

PROBLEMS IN SINGERS

Professional voice patients have the same maladies that affect the general population. However, because of the tremendous demands placed on their voices, these vocalists are highly sensitive to problems affecting the larynx and the 
associated areas involved in voice production.

Extraesophageal Reflux

Gastroesophageal reflux is a common problem often manifested by symptoms of heartburn, belching, or an acidic taste on waking. Patients can have significant reflux with no abdominal or chest complaints; this type is called 
extraesophageal or laryngopharyngeal reflux. * The symptoms are often frequent throat clearing, mild dysphonia, cough, a sensation of phlegm or a foreign body sensation in the throat (globus), vocal fatigue, cervical dysphagia, or

*References [36] [45] [55] [59] [72] [74] . 

2138

decreased singing range.[8] [10] Singers and other vocal professionals with extraesophageal reflux often have hoarseness in the morning and require longer vocal warm-up. Signs of reflux laryngitis should always be sought during the physical 
examination.[9] [11] If signs or symptoms suggest extraesophageal reflux, conservative management directed at diet and general lifestyle is initiated. Adhering to these measures might be difficult for performers with a demanding travel schedule. 
Extraesophageal reflux is optimally managed with a proton pump inhibitor. This is undertaken 30 minutes to an hour before a meal and for extraesophageal reflux is often used twice daily. It is uncertain whether the addition of drugs to 
enhance gastric emptying makes any definite contribution in the management of extraesophageal reflux. Patients with a confusing clinical picture or those who are not responding well to maximal-dose proton pump inhibitors undergo 24-
hour pH monitoring. Some patients may be resistant to omeprazole.[4] [15] [53] [65] 

Laryngeal Hygiene

Laryngeal hygiene can be problematic in professional singers. The key to good laryngeal hygiene is adequate hydration. Poor hydration causes a decrease in mucous viscosity, resulting in less efficient vocal fold vibration. [33] [95] [96] Singers 
should drink increased amounts of water. Van Lawrence stated that singers should "pee pale" (ingest so much water that they exhibit lightly colored urine), and vocal professionals should not drink a set amount of water but allow their 
kidneys to "tell" them how much to drink. At least eight glasses (64 ounces) of water per day appear to be needed and should be increased if the voice user is traveling by air, is ill, or has a demanding or excessive performance schedule. The 
use of caffeine is discouraged because of its diuretic effect. Dairy products also appear to increase the viscosity of secretions and hinder the healthy smooth vibratory function of the vocal folds. Guaifenesin can thin the secretions in some 
patients. The use of tobacco in the professional voice patient also contributes to poor laryngeal hygiene.

Vocal Abuse and Misuse

Vocal abuse describes vocal behaviors associated with normal voice quality that often lead to vocal fold abnormalities and resultant dysphonia. These behaviors often lead to visible manifestations of abuse on laryngeal examination. Vocal 
abuse can occur in two ways: patterns of abuse exist in the patient's singing or speaking voice. Vocal abuse is characterized by gradually wearing down the voice, primarily by (1) overrehearsing; (2) spending too much time working in the 
studio; (3) singing too loudly; or (4) singing outside of the singer's capable range. In addition, commercial singing frequently incorporates artificial roughness to render "validity" to the performance.

Vocal abuse behaviors can occur if performers give excessive interviews. Shouting or excessive talking in areas of loud background noise (e.g., restaurants, airplanes) is also common. The vocal professional should conserve the voice by 
limiting unnecessary speaking, exercising what is called relative voice rest. This is particularly important if the vocalist is having vocal difficulties or is ill. Punt[75] advises singers "not to say an unnecessary word unless they are paid for it," 
especially if they are ill or have an excessively demanding performance schedule.

Vocal misuse refers to dysphonia caused by abnormal function of anatomically normal structures. Chronic misuse can eventually lead to organic vocal fold changes. These changes most commonly appear as vocal nodules and will disrupt the 
normal laryngeal vibratory pattern causing dysphonia. Elimination of the inappropriate vocal behaviors lessens or eliminates the dysphonia. With time, the organic changes may reverse, and healthy vibratory patterns may return.

Such muscular tension dysphonia is not limited to vocal professionals. It can be the primary or secondary cause of dysphonia. Singers are not immune from this despite common misconceptions that vocal training should eliminate such 



difficulties. This problem is common, particularly as a maladaptive, compensatory behavior after an upper respiratory infection. The singer attempts to maintain a normal voice while the vocal folds or pharynx are swollen and develops 
inappropriate vocal behaviors. Patients often complain of hoarseness, vocal fatigue, loss of range, and neck or ear discomfort.

Koufman and Blalock[54] [58] formulated a grading or classification system for muscular tension dysphonia. Class I muscular tension dysphonia is defined as an increase in muscular tension manifested by an enlarged posterior glottal chink, an 
elevated larynx, and palpable neck tension or tenderness. This may produce a breathy or strident voice and commonly occurs in patients with vocal nodules. Class II muscular tension dysphonia is a lateral to medial constriction of the larynx 
with the false vocal folds adducted. This causes increased vocal fatigue. In its most severe form, the false folds are used for phonation, so-called plica ventricularis. It is often seen as a compensatory maneuver after laryngitis or laryngeal 
surgery. Class III muscular tension dysphonia is an anterior to posterior constriction of the supraglottis when the epiglottis and the arytenoids obscure at least 50% of the laryngeal aditus. Class IV muscular tension dysphonia is present when 
the epiglottis and arytenoids contact one another, and lateral constriction is often seen.
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Koufman[56] reviewed laryngeal biomechanics during singing. One hundred singers of various singing styles were evaluated with fiberoptic laryngoscopy. Koufman found that vocal training, warming up before singing, and singing classical 
musical styles decrease muscular tension. This study supports the belief that vocal training increases vocal efficiency and decreases muscular tension. Koufman also found that singers with asymptomatic vocal nodules had significantly 
higher levels of laryngeal muscular tension than those without nodules. The management of muscular tension dysphonia is directed by the speech language pathologist and the vocal pedagogue. It aims to retrain the patient to improve 
speaking and singing efficiency, thereby decreasing laryngeal tension and vocal fold trauma.

An interesting type of vocal misuse in professional voice patients is an inappropriately low-pitched speaking voice. This deepening of the voice gives it a more authoritative quality. It requires a significant degree of muscular tension to 
maintain.[57] 

Laryngitis

Acute laryngitis (inflammation of the laryngeal mucosa) is common in adults and can be devastating to a professional voice patient. Inflammation of the vocal folds leads to irritation and edema and hinders the pliable motion of the mucosa, 
leading to dysphonia. To compensate for this, singers may exert extra effort to maintain their normal voice. Singers may correctly compensate by decreasing their volume, increasing their amplification, altering their repertoire, and other 
measures.

A very mild case of laryngitis can be managed conservatively, and a well-trained singer can continue to perform. A singer should be aware, however, of the risk of permanent damage to the vocal folds and the increased risk for submucosal 
hemorrhage. The performer is instructed to increase fluid intake and humidify the room. If cough is significant, an antitussive agent may be of benefit. Conservative voice use is key. The singer should speak little, if at all, before the 
performance and should warm up in a normal fashion. The performer should sing by feel and not by sound to avoid exacerbating the injury. He or she should speak in a normal, unforced voice without whispering. If a bacterial infection is 
present, antibiotics should be prescribed. The use of corticosteroids is beneficial in these patients but should only be used for a performance when there is objective evidence of vocal fold edema. Severe laryngitis should be managed 
similarly, but in this case the vocalist should be advised not to perform. Serial examinations will enable the physician to advise the vocal professional when it is safe to return to vocal activity.

Anxiety

Apprehension before a performance is normal. A few professional voice patients may have dramatic stage fright. Professional vocalists should learn to cope with this anxiety by working with a vocal coach and laryngologist. Several 
medications have been used, but all have potential adverse effects and none replace good training and the confidence that comes with repeated performance under such stress.

The use of β-blockers is common to decrease the tachycardia that often accompanies the anxiety, but this medication has adverse effects. Gates and others[35] stated that β-blockers decrease anxiety but also take some of the dramatic edge and 
excitement away from the singer. β-blockers should only be used on rare occasions (e.g., when a crisis occurs before a performance) and should never be used on a regular basis.

Pulmonary Disease

Any respiratory ailment alters the amount of power available for singing or phonation and limits the vocalist's ability to modulate it. Pulmonary health and good conditioning are important for proper voice support.[43] [86] 

An uncommon but well-documented type of exercise-induced asthma exists in some singers when they have been singing for a lengthy period. This airway reactivity-induced asthma in singers[18] [81] can be diagnosed by pulmonary function 
testing before and after prolonged singing.

Vocal Fold Varices

A true vocal fold varix is a dilated, tortuous, or elongated vessel stemming from the microcirculation of the vocal fold; it occurs mainly in female professional vocalists. The cause of this relatively uncommon lesion is uncertain, but its 
preponderance in female singers suggests that hormones and vocal trauma are major factors.[22] [30] [52] The laryngologist should determine whether the patient's symptoms correlate with the menstrual cycle. Varices may enlarge premenstrually 
and menstrually and can increase a singer's dysphonia.

If a vascular lesion is found, its functional significance should be determined. This is best performed through laryngovideostroboscopy. The lesion's effect on the laryngeal vibratory pattern can be accurately determined, including whether 
the vascular lesion is the cause of the singer's problems. Nonsurgical management of vascular lesions involves improvement in vocal hygiene, particularly with increased water intake and the avoidance of caffeine. In addition, working with a 
speech pathologist and vocal pedagogue to improve vocal efficiency is important. Hormonal manipulation has been advocated by some
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but has not been proven to be beneficial. Indications for surgery include recurrent hemorrhage, an enlarging varix, or continued dysphonia despite maximal medical and behavioral management.



PERFORMANCE CANCELLATION

Possible cancellation of a performance can be very stressful for a professional singer and laryngologist. The performer and the manager have many concerns beyond the singer's health, for example, the singer's professional image, perceived 
reliability, and financial obligations. The musical style and the importance of the performance are also important variables; a slight vocal roughness in a contemporary rock or country performer would be unacceptable in an opera singer.

The physician's recommendations for performing are categorized by (1) conditions in which damage to the larynx will not be significant and (2) conditions that place the performer at significant risk for developing chronic vocal difficulties 
( Table 94-3 ). However, the decision to perform ultimately belongs to the performer. Singing will still be problematic during and after the performance. Examples of conditions that pose a mild risk to the performer are a mild viral upper 
respiratory infection or mild to moderate vocal fold edema. In an upper respiratory infection, the postnasal drip and generalized congestion can be managed, but the supraglottal vocal tract is altered and the singing voice will not be normal. 
To produce the usual perceived sound, the vocalist can exert significant extra effort, possibly resulting in the development of maladaptive singing behaviors that could take time for the vocal pedagogue and speech language pathologist to 
undo. The singer and manager should also decide whether a decrease in vocal quality would alter the performer's image or reputation.

Conditions that are likely to cause permanent vocal changes include submucosal vocal fold hemorrhage, enlarging varix, or a vocal fold mucosal break (see Table 94-3 ). Absolute voice rest is essential. In addition, the usual conservative care 
of the larynx should be undertaken. Aggressive antireflux therapy should be initiated in patients with laryngeal mucosal breaks. These individuals should be followed closely for the  

TABLE 94-3 -- CONDITIONS REQUIRING PERFORMANCE CANCELLATION

Submucosal hemorrhage

Enlarging vocal fold varix

Break in vocal fold mucosa

Significant systemic illness

Severe laryngitis
 
development of submucosal scarring, granulation tissue, or polyps.

MANAGEMENT

Medical Therapy

The mainstay of medical therapy for a singer is appropriate lifestyle change. This begins with maintaining adequate hydration. In addition, for many problems, a period of conservative voice use is the best remedy. A humidifier should be 
used when traveling or sleeping in rooms with inadequate humidity. Altering the diet and avoiding irritants are always important, particularly when the singer is ill. In general, these interventions improve laryngeal hygiene primarily because 
of their effect on lubrication and avoidance of further vocal trauma.

The special needs of vocal professionals require the avoidance of certain commonly used medications, including inhaled corticosteroids, antihistamines, decongestants, aspirin, topical analgesics, and mentholated preparations.

The use of topical corticosteroids on the larynx should be avoided. They directly irritate the laryngeal mucosa and are associated with an increased incidence of fungal infections of the larynx. In addition, there may be a slight analgesic effect 
on the larynx and vocal tract, affecting the performer's ability to regulate the voice.

Systemic corticosteroids are indicated for conditions in which there is little chance of permanent laryngeal damage ( Table 94-4 ). They can be used when a patient with vocal fold edema has an upcoming performance. This approach is 
combined with improvements in laryngeal hygiene and conservative voice use. Laryngeal edema commonly occurs during repetitive recording sessions or after extensive rehearsals before major tours or performances. Corticosteroids are also 
beneficial when singers have mild viral laryngitis to decrease the vocal fold edema and to help control significant allergic reactions. Corticosteroids can be given for severe cases of laryngitis, but the vocalist will risk laryngeal damage by 
performing. Systemic corticosteroids are frequently given for vocal fold hemorrhage to decrease the deposition of scar tissue in the superficial layer of the  

TABLE 94-4 -- INDICATIONS FOR SYSTEMIC CORTICOSTEROIDS IN THE PROFESSIONAL VOICE PATIENT

Edema from episodic abuse

Mild to moderate laryngitis

Allergic vocal fold edema

Vocal fold hemorrhage
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lamina propria, to prevent polyp formation, and to decrease the overall inflammatory response. However, no scientific evidence exists that corticosteroids are beneficial in this clinical situation.

Management with corticosteroids varies depending on the severity of the problem. Dexamethasone (10 mg intramuscularly or intravenously) can be given if a performance is to be given within 24 hours. In subacute situations, stress-dose 
corticosteroids taken orally for 3 to 5 days with a rapid taper are appropriate.

Idiosyncratic reactions to corticosteroids can occur, in which case the performer's voice actually worsens rather than improves. In addition, corticosteroid-induced psychiatric changes may occur. Because of these reactions, systemic 
corticosteroids should not be used for the first time in any patient before a performance except in the most dire of circumstances. Corticosteroids are best used initially before routine studio recordings or song-writing sessions. This will allow 
the physician and the performer to gauge the response and will create a better understanding of how the patient will respond to corticosteroids in other situations. The singer should not depend on corticosteroids but only use them when 



required.

Most antihistamines have a significant drying effect on mucous membranes because of their anticholinergic effects. In patients requiring significant management of allergies, it is best to begin with topical nasal corticosteroids. These are 
effective for the relief of allergic rhinitis and do not adversely affect the voice. Some of the newer, nonsedating antihistamines may be useful.[19] For patients with more severe allergic symptoms, formal allergy testing should be performed 
early. After the identification of the specific allergens, avoidance or environmental therapy is attempted, but this can be difficult because of travel. If possible, the performer's travel schedule should be arranged to avoid certain environments 
where seasonal plants are in bloom. Allergic immunotherapy is very helpful in these patients.

Decongestants often provide symptomatic relief in a performer with an upper respiratory infection. Combination preparations that include an antihistamine should be avoided in professional voice patients because of the drying effects this 
medication has on mucous membranes.

Aspirin use is not advised in vocal professionals. Aspirin inhibits platelet function and can increase the risk of submucosal vocal fold hemorrhage. Professional voice patients should check the labels of nonprescription medications and should 
avoid those with aspirin.

Although once very popular with vocalists, topical anesthetic solutions for sore throats or laryngitis can harm the voice. By decreasing the sensitivity of the oropharynx or supraglottal larynx, these solutions allow the patient to overwork an 
injured area, which could lead to submucosal hemorrhage, mucosal tears, or a granuloma. If a performer believes that work is not possible without such an analgesic, he or she should not perform.

Patients complaining of a dry throat or a cough often initiate management with nonprescription cough or topical preparations. These frequently contain menthol, which is initially soothing. Menthol, however, is a drying agent and is habit 
forming in some patients.

Antibiotics are prescribed for singers in accordance with standard management indications. Overdispensing antibiotics, a major problem in our healthcare system, should be avoided. Antibiotics can be prescribed to a singer who is about to 
go out of town or on an extended tour. Written instructions outlining when to use the antibiotics should be given. The performer should contact his or her physician if he or she feels the need to use the medication.

Mucolytic agents (e.g., guaifenesin) are commonly use by singers as a pharmacologic adjunct to thin secretions, thereby improving the lubrication of the vocal folds. Although not proven to be effective, guaifenesin and similar agents appear 
to benefit some vocal professionals.

Role of the Speech Language Pathologist and Vocal Pedagogue

The speech language pathologist and vocal pedagogue work with patients to improve singing and speaking efficiency, to eliminate vocal abuse, to correct misuse, and to encourage vocal hygiene. Singers should understand that vocal abuse 
during speaking is intimately connected with the singing voice. They are taught to avoid cervical strain and they learn proper breathing patterns, improve posture, and develop a soft glottal attack when speaking. The goal is to improve 
laryngeal efficiency and thereby limit laryngeal trauma during singing and speaking.[20] 

The role of the vocal pedagogue is complex. Classical vocalists should improve classical technique. Commercial singers, however, should optimize glottal efficiency when singing without producing a classical sound. Training, therefore, 
differs for classical vs commercial vocalists. Areas emphasized to classical artists include breath support, body alignment, stable laryngeal position low in the neck, and maintenance of a low subglottal pressure compared with other singing 
styles. [16] This enables the classical vocalist to produce the singer's formant, allowing greater voice projection with less vocal effort. Nonclassical or commercial singers should also concentrate on breath support and
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body alignment, but they do not incorporate the singer's formant. Therefore, these performers must sing more loudly to be heard over instruments and other singers. Commercial singers need to be educated on the proper use of electronic 
amplification, which is a substitute for loud singing. Other considerations for commercial singers include precise vowel integrity, phrasing similar to speech, and delayed onset of vibrato. Vocal efficiency should be improved without 
changing the performer's style or developing a classical sound. The use of full-length mirrors and videotaped recordings while performing help to educate the performer. Vocal efficiency is also improved with appropriate warm-up and range-
building exercises.[31] Sabol and others[76] showed the benefit of vocal exercise in singers on objective aerodynamic testing.

Surgical Therapy

Before surgical intervention, behavioral and medical interventions should be maximized. Vocal hygiene, avoidance of vocal misuse, and resolution of vocal abuse should be accomplished. Patients failing to do these things will develop 
recurrent problems. Surgery is relatively contraindicated in patients who cannot comply with the recommendations of hygienic voice production from a speech language pathologist and vocal pedagogue. All patients learn to develop a soft 
glottal attack, which is vital for postoperative rehabilitation. The overall effect of maximizing medical and behavioral management is to improve the postoperative vocal outcome and shorten the postoperative recuperative time.

The decision to operate on the larynx of a vocal professional is often difficult. The singer should evaluate the risks and benefits and obtain a second opinion. It is important to realistically counsel the patient about the possible outcomes. The 
singer should understand that the singing or speaking voice may never be the same and that he or she may never perform at the same level again. Rehabilitation and healing after microsurgery of the larynx are long and often frustrating for 
the vocal professional. It is this period, working with the speech language pathologist and vocal pedagogue, during which the vocal professional needs the greatest amount of determination and encouragement. In most cases, surgery is only 
performed when it is apparent that the patient cannot perform at the required level to maintain an acceptable performance schedule. Recurrent vocal fold hemorrhage from a varix or an enlarging varix are other indications for surgery.

After the need for surgery has been determined, atraumatic establishment of the airway in the surgical suite is the next concern. This task should not be performed by an inexperienced physician but by the surgeon or an experienced 
anesthesiologist. Gentle intubation with the smallest possible caliber endotracheal tube should be performed. The laryngologist should consult with the anesthesiologist before a vocal professional is intubated for any procedure. If possible, 
the laryngologist should offer his or her services for the intubation. If local, regional, or spinal anesthesia is an alternative, it should be strongly considered.

Photographic documentation in the operative suite is performed immediately before and after the procedure. Zero-, 30-, 70-, and 120-degree telescopes can be used as needed to obtain optimal views of the pathology and examine poorly 
accessible areas such as the depths of the laryngeal ventricle.[3] [21] The procedure is videotaped through the operating microscope.

The major determinants of a good postoperative result during laryngeal microsurgery are the conservation of normal mucosa, integrity of the vocal ligament, and the creation or maintenance of a straight vocal fold edge (see Figure 94-5 ).[84] [99] 



[101] 

Superficial Vocal Fold Lesions

Vocal fold nodules that have not resolved with medical and speech therapy and polyps that cause dysphonia can be surgically excised. Bilateral vocal fold lesions are of significant concern. It is common to remove the larger lesion in the 
hope that the smaller lesion will resolve. However, reaction on the opposite fold may imply technical problems or hyperfunctional technique. Bilateral lesions predispose the patient to a less than optimal result; because bilateral lesions are 
more likely to be associated with hyperfunctional techniques, the resolution of the smaller lesion is the exception rather than the rule. Often, both lesions should be surgically removed.

Surgical therapy is always individualized. The choice of surgical approach is based on a thorough understanding of vocal fold anatomy and physiology. The goal of surgery is to restore the normal glottal configuration without the removal of 
uninvolved surrounding mucosa or excessive dissection in the superficial layer of the lamina propria. Superficial lesions represent a response to injury and reside almost exclusively in the superficial layer of the lamina propria. Therefore, 
surgery is limited to this region. A microflap approach with a medially placed incision is well suited to removal of these types of lesions.[25] After vasoconstriction of the laryngeal mucosa, an incision is made just over the lesion; the vocal 
ligament is identified using a combination of blunt and sharp dissection with microsurgical instruments. The mucosa and superficial layer of the lamina propria encompassing the lesion are freed from the underlying vocal ligament by 
dissecting in the superficial layer of the lamina propria, taking great care to
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remove only the involved mucosa. This often leaves a nearly imperceptible mucosal defect at the conclusion of the procedure ( Figure 94-6 ).

Cysts

Vocal fold cysts are diagnosed and differentiated from nodules or polyps by laryngovideostroboscopy. Cysts that fill the superficial layer of the lamina propria are often tethered to the vocal ligament, frequently resulting in a loss of the 
mucosal wave over the lesion. More superficial lesions such as nodules tend to have a dampened yet perceptible mucosal wave.[85] Cysts and other lesions that do not separate easily from the vocal ligament on intraoperative palpation are 
approached via a lateral microflap technique.[23] [26] The lateral microflap technique involves an incision along the superior aspect of the vocal fold lateral to the intracordal lesion. The vocal ligament is identified, and dissection occurs in the 
superficial layer of the lamina propria medially toward the lesion. The microflap is gently retracted medially, usually with a velvet eye microlaryngeal suction or with a flap elevator, and the cyst is sharply and bluntly removed from the vocal 
ligament and the overlying mucosal cover layer. After this is removed, the mucosal flap is redraped in place ( Figure 94-7 ).

Vocal Fold Varix

Varices of the vocal fold are evaluated under high magnification, and palpation is used to alternately occlude and examine the feeding and draining vessels. After this, the vessels are vasoconstricted with chilled 1:10,000 epinephrine, and 
then an iced saline pledget is placed deep to the vocal fold to protect the endotracheal tube cuff. The carbon dioxide laser is slightly defocused and used at 1- to 2-W power. The feeding and then draining vessels are photocoagulated. The 
medial surface of the vocal fold is avoided. The vascular malformation is then coagulated. If still present, the mass is removed using the medial microflap approach.[22] Recent work using the pulsed-dye laser suggests that it may play a 
valuable role in the treatment of these lesions. A very large feeding vessel may require excision ( Figure 94-8 ).

Postoperative Care

General laryngeal hygiene is reemphasized to the patient. In addition to hydration and the use of guaifenesin, perioperative antireflux medications are strongly recommended for most patients. Complete voice rest is instituted after surgery. In 
patients with minimal mucosal excision and limited disruption of the submucosal layer of the lamina propria, this period may last 5 to 7 days. Ten to 14 days of complete voice rest is recommended in cases in which extensive vocal fold 
dissection or revision surgery has been performed.

Healing after laryngeal microflap surgery can be divided into four phases ( Table 94-5 ). The first phase in the immediate postoperative period lasts 5 to 14 days and consists of complete voice rest and hydration. Healing occurs between the 
vocal fold cover and the underlying vocal ligament. In cases in which mucosal excision was required, healing by secondary intention occurs.

The second phase begins 1 to 2 weeks after surgery. This is a stage of voice rehabilitation that occurs under the guidance and observation of a speech language pathologist. Laryngovideostroboscopy is usually performed after the second or 
third week. Pliability of the vocal fold and return of the mucosal wave is assessed. Rarely, vocal fold hemorrhage is noted and further voice rest required. This stage begins with graduated voice use. The first day, the patient speaks for 5 
minutes. The phonation time is doubled each day until the patient is returned to full conversational speech. This usually occurs by the end of the third or fourth postoperative week. If voice use causes pain, the patient is asked to decrease his 
or her amount of speaking and contact the physician. The speech language pathologist stresses easy onset phonation, avoidance of vocal abusive behaviors, and the need to use appropriate pitch and vocal intensity. Biofeedback retraining is 
used during this time.

The third phase of healing occurs during the second and third months after surgery. The learned behaviors from the speech language pathologist are continued, and vocal and singing reeducation is begun under the guidance of a vocal 
pedagogue. All singers work with a vocal pedagogue regardless of their style of singing or previous vocal training. The patient relearns how to sing from the basic level. Maladaptive behaviors are noted early and addressed by the pedagogue.

After 3 months, the average patient can return to professional activity. Patients should be followed up with interval examinations for 24 months after surgery to assess for continued improvement or potential reoccurrence of the lesion.

RELATED SURGICAL PROCEDURES

Professional voice patients undergo many nonlaryngeal surgical procedures involving the upper airway. They should understand that any procedure that potentially alters the anatomy or function of the supraglottal vocal tract (e.g., 
tonsillectomy, septoplasty, sinus surgery, palatal surgery) can alter the vocal resonance. Professional voice patients should be counseled regarding this possibility.

A well-performed tonsillectomy should not cause vocal professionals significant long-term difficulty. It
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Figure 94-6 Intraoperative photographs of lesion excision through a medial microflap approach. A, The sickle knife is used to make an incision over the lesion on the medial surface of the vocal fold. B, A small angled probe, named a flap 
elevator, is used to elevate mucosa from the medial and superior surfaces of the vocal fold around the lesion. C, The lesion is bluntly dissected free from the underlying vocal ligament. D, The lesion is peeled off a portion of the overlying 
vocal fold cover. E, The lesion and a small portion of the cover are excised. F, The previously created flaps are redraped in position to cover the medial surface of the vocal fold. (From Courey MS, Garrett GG, Ossoff RH: Laryngoscope 
107:340, 1997.) 

 

Figure 94-7 Intraoperative photographs of lesion excision through a lateral microflap approach. A, A sickle knife is used to make an incision on the superior surface of the vocal fold. B, The incision is further defined with upcutting scissors. 
C, A flap elevator is used to elevate the microflap. D, Dissection occurs between the vocal ligament and mucosa. E, The lesion is removed from the vocal ligament. F, The mucosal microflap is redraped into position. (From Courey MS and 
others: Ann Otol Rhinol Laryngol 104:267, 1995.) 



 

Figure 94-8 A professional singer with a microvascular lesion of the true vocal fold. A, Preoperative photograph. B, Postoperative appearance immediately after photocoagulation with the carbon dioxide laser at 1500 watts/cm2 . (From 
Rubin JS and others: Diagnosis and treatment of voice disorders, New York, 1995, Igaku-Shoin Medical Publishers.) 

 

TABLE 94-5 -- POSTOPERATIVE RECOVERY

Phase Time Period Activity



I 7–14 days Voice rest

II 7–28 days Graduated voice use with speech language pathologist

III 4–12 weeks Vocal reeducation (singing with pedagogue)

IV 3–18 months Professional activity
 
will, at least transiently, affect the ability to modify that area of the resonator. [97] Tonsillectomy alters the frequency of the fourth formant in nonsingers but not in classically trained vocalists.[66] However, any significant palatal or faucial arch 
scarring could lead to laryngeal hyperfunction. This is caused by altered oropharyngeal sensation. The singer's vocal feel or sensory feedback is altered and results in a change in the singer's delivery.

Laser-assisted uvulopalatoplasty has become a popular management for snoring. This procedure should result in at least a temporary voice change. Compensation should be possible for well-trained vocalists, similar to posttonsillectomy 
patients. If the surgery is performed, the stages should be spread out over many months to allow the artist to compensate for the palatal changes.

Adenoidectomy, septoplasty, sinus surgery, or turbinectomy in a singer with a significant nasal obstruction should be done very conservatively, if at all. The development of even a small degree of hypernasality could significantly alter the 
patient's singing voice.[27] [62] 

Hearing is often neglected in singers. Classical singers are taught to sing by feel and not by what they hear. However, many singers have difficulty in doing so. Baseline audiometric evaluations are recommended on all professional and 
serious amateur singers. Ear-level monitors with selective input have been of benefit to commercial singers. These monitors deliver stage sounds, mixed by the sound engineer, back to the performer at a comfortable intensity. They allow 
singers to protect their hearing, sing at the proper intensity level, and not succumb to the tendency of oversinging in the concert environment (the Lombard effect).

CONCLUSION

A singer's body is a vocal instrument, and the larynx represents the most important portion of this instrument. Education and behavior modification can enable singers to maximize their gift. The maintenance of good vocal hygiene and 
regular reminders of abusive speaking and singing behaviors are part of this process. Even the most experienced singers may have to return to work with a vocal pedagogue after an upper respiratory infection or when they are busy recording 
or touring.

Professional vocalists are an interesting and challenging group of patients. Management should be undertaken by a coordinated team of professionals well versed in the care of such patients.
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Chapter 95 - BENIGN VOCAL FOLD MUCOSAL DISORDERS

Robert W. Bastian 

INTRODUCTION

Benign vocal fold mucosal disorders (e.g., vocal nodules, laryngeal polyps, mucosal hemorrhage, intracordal cysts, mucosal bridges, glottic sulci) seem to be caused primarily by vibratory trauma (excessive voice use). In my experience, an 



expressive, talkative personality on the part of the patient correlates most consistently with most of these disorders. Occupational and lifestyle vocal demands are minor risks by comparison, unless these demands are truly extreme. Cigarette 
smoking and liberal voice use are cofactors in the formation of smoker's polyps, also termed Reinke's edema or polypoid degeneration. Other secondary influences (e.g., infection, allergy, acid reflux) also may increase the mucosa's 
vulnerability to vibratory trauma, leading to injury.

Nonsingers with benign vocal fold mucosal disorders present with a change in the sound or capabilities of the speaking voice. Singers with normal-sounding speaking voices may seek professional evaluation because of singing voice 
limitations, usually in the upper range. Benign vocal fold mucosal disorders are significant because of the importance of spoken or sung communication and the voice's contribution to identity.

Benign vocal fold mucosal disorders are common. More than 50% of patients with voice complaints have a benign mucosal disorder. Brodnitz[20] reported 45% of 977 patients had a diagnosis of nodules, polyps, or polypoid thickening, and 
Kleinsasser[53] (1964–1975) reported that slightly more than 50% of 2618 patients had one of these benign entities.

ANATOMY AND PHYSIOLOGY

The anatomy most relevant to the benign vocal fold mucosal disorders is the microarchitecture of the vocal folds, as seen on whole-organ coronal sections in a study of cancer growth patterns[26] [62] or in the work of Hirano.[45] Medially to 
laterally, the membranous vocal fold is made up of squamous epithelium, Reinke's potential space (superficial layer of the lamina propria), the vocal ligament (elastin and collagen fibers), and the thyroarytenoid muscle. Perichondrium and 
thyroid cartilage provide the lateral boundary of the vocal fold ( Figure 95-1 ).

The vocal folds move as a whole between abducted and adducted positions for breathing and phonation, respectively. The mucosa (epithelium and superficial layer of the lamina propria [Reinke's potential space]), which covers the vocal 
folds, is the chief oscillator during phonation (continuous adduction); thus, one might speak of vocal fold mucosal vibration rather than vocal fold vibration. In a canine study that supports this idea, Saito and others[77] placed metal pellets at 
varying depths into the vocal fold (e.g., epithelially, subepithelially, intramuscularly) and used radiograph stroboscopy to trace their coronal plane trajectories during vibration. Mucosal pellet trajectories were far wider than those of the 
ligament or the muscle. Thus, primarily the vocal fold mucosa oscillates to produce sound.

Hirano's work[58] provides an explanation for Saito's observations. Hirano[58] described the vocal fold muscle as the body of the fold, the epithelium and superficial layer of the lamina propria (Reinke's potential space) as the cover, and the 
intermediate layers of collagenous and elastic tissue (vocal ligament) as the transitional zone (see Figure 95-1 ). Because of the different stiffness characteristics of these layers, they are somewhat decoupled mechanically from each other 
during phonation. Decoupling is graphically illustrated in Figure 95-2 (mucosa being stretched). This decoupling allows the mucosa to oscillate with a degree of freedom from the ligament and muscle. An analogy can be made to the relative 
freedom from the paddle experienced by the red rubber ball and elastic band in a child's paddleball toy. During phonation, pulmonary air power supplied to adducted vocal folds is transduced into acoustic power. To accomplish this, 
pulmonary air is passed
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Figure 95-1 Cross section of the vocal fold. 

 

Figure 95-2 Gentle medial retraction shows the relative decoupling of the mucosa from the underlying, nondeformed vocal ligament. 



 

Figure 95-3 The maximum (A) open and (B) closed phase of an apparent single vibratory cycle as seen during videostroboscopy. The moving part is primarily mucosa, with little participation of ligament or muscle. 

 

Figure 95-4 Three of the most commonly used tools for viewing the larynx: a mirror, a 90-degree telescope, and a flexible fiberoptic nasolaryngoscope. 

 

Figure 95-5 Chronic laryngitis in a patient with severe acid reflux, a history of smoking, and excessive voice use. A, Note the interarytenoid pachyderma (arrows) and loss of normal color differential between true folds and supraglottic 
mucosa. Broad-based convexity of the true vocal fold margins suggests diffuse submucosal edema. B, Three weeks after institution of antireflux measures. Note the resolution of the interarytenoid pachyderma. 



 

Figure 95-6 A patient learning to modify laryngeal posture by use of laryngeal image biofeedback. With a telescope rather than a fiberscope, pure vocal fold behavior is retrained initially (without speech gestures). Clearer optics and less 
mobility of the epiglottis permit a clearer and more stable view. 

 

Figure 95-7 A, The viewing end (left to right) of the Holinger hourglass, Jako-Cherry, Bouchayer, and Dedo laryngoscopes. B, The distal end of the laryngoscopes (same order). The Bouchayer scope (arrow) is most useful for microsurgery. 
C, From left, the up-cup forceps, smaller biting forceps, Bouchayer microring forceps, curved scissors, and curved alligator forceps. 

 

Figure 95-8 The operative sequence for a professional musical theater actress who had been experiencing vocal symptoms and limitations compatible with fusiform vocal nodules for more than 2 years. A, The operative view after many 



months of conservative management. Not all fusiform swellings are reversible with conservative measures alone. B and C, A polypoid nodule is grasped superficially and tented medially with Bouchayer forceps. Scissors, which curve away 
from vocal fold, are used for removal. The nodule is thus removed in a very superficial plane, thereby minimizing the risk of scarring of the remaining and regenerated mucosa to the underlying vocal ligament. D, The vocal fold appearance 
after excision. The patient experienced dramatic normalization of vocal capabilities and no evidence of scarring based on postoperative stroboscopic examination. The dilated capillaries may predispose to recurrent nodule formation and can 
be spot-coagulated with microspot laser. 

 
 

Box 95-1. GENERAL GUIDELINES FOR INITIAL VOICE USE AFTER VOCAL FOLD MICROSURGERY

 
Time after surgery * Talking † Singing (for singers)

Days 1 to 4–5 None ••Gentle attempts at yawning or sigh for 
approximately 30 sec, 6–8 times per day ‡ 

Week 1 (after first examination) 2 5 min twice per day

Week 2 3 10 min twice per day § 

Week 3 (after second examination) 4 15 min twice per day

Week 4 4 or 5 20 min twice per day § 

Weeks 5–8 (after third examination) 4 or 5 Up to 20 min three times per day • 

*After fourth examination, consider return to performance. 
†Based on a seven-point talkativeness scale, in which 1 = very untalkative; 4 = average; and 7 = extremely talkative. 
‡Accept what comes out, even if it is only air or is very hoarse. 
§With emphasis on ease, clarity, and agility, not voice building. The entire expected range should be practiced in each session, with gentle insistence on high notes that do not want to sound. In general, practice, mostly 
a mezzo piano dynamic and only occasionally a mezzo forte. 
•Same as above footnote, but gradually increase the dynamic range and insistence. 

 
 
 

 
 
Diagnosis

History.

Capillary ectasia is diagnosed most often in female singers who complain that they become a little hoarse after relatively short periods of singing (reduced vocal endurance). When associated with mucosal swelling, additional symptoms 
reminiscent of nodules (e.g., delayed phonatory onset, loss of high soft singing, increased effort) may also be noted. The occasional singer with capillary ectasia may have experienced one or more episodes of acute vocal fold hemorrhage, 



which may precipitate the patient's first visit; capillary ectasia may be discerned only after the bruising has resolved.

Vocal capability battery.

Without mucosal swelling, the voice's capabilities may be entirely normal. With swelling, vocal limitations may be similar to those detected in the patient with nodules. If mucosal hemorrhage is recent, the speaking and singing voice may be 
very hoarse.

Laryngeal examination.

Capillary ectasia may manifest as abnormal dilation of the long arcades of capillaries that proceed mostly anterior to posterior (see Figure 95-9 , Figure 95-10 , and Figure 95-11 ). However, aberrant clusters of dilated capillaries also may be 
seen. Occasionally, a virtual vascular dot may appear when a loop comes from within Reinke's space to the surface and doubles back down into the submucosa. Finally, some dilated capillaries are confluent or become so large as to almost 
resemble a chronic hemorrhage. This variant can be termed a capillary lake.

Management

Medical.

Use of drugs that have anticoagulant effects (aspirin, nonsteroidal antiinflammatory drugs) should cease if medically appropriate. These drugs do not necessarily increase the risk of hemorrhage but may increase the severity of bruising. In 
addition, acid reflux may have an amplified effect on the mucosa when capillary ectasia is visible; thus, management of reflux is particularly important.

Behavioral.

Many persons with capillary ectasia are vocal overdoers; therefore, the usual behavioral changes, which are also appropriate for persons with nodules, are advocated. In particular, patients are warned about sudden, explosive use of voice. 
The duration of voice use per practice session should also be reduced (e.g., three 20-minute sessions vs one 1-hour session).

Surgical.

If the patient cannot accept residual vocal symptoms and limitations (e.g., decreased vocal endurance) after medical and behavioral management, laryngeal microsurgery is an excellent option.[95] Dilated capillaries are spot-coagulated to 
interrupt blood flow every few millimeters (see Figure 95-9, C ). Capillaries proximal to each interrupted segment may subsequently dilate. Even so, not all visible dilations should be ablated; those that remain visible at the end of the 
procedure and even at the first postoperative visit routinely involute within a few weeks. If mucosal edema is minimal, management of the capillaries alone often leads to edema resolution.

Vocal Fold Hemorrhage and a Unilateral (Hemorrhagic) Vocal Fold Polyp

Epidemiology

The occurrence of vocal fold hemorrhage (see Figure 95-10 ) and a unilateral hemorrhagic vocal fold polyp is more common in men, particularly men who engage
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Figure 95-9 Vocal nodules with associated capillary ectasia. A, Superficial ectasia is seen (black arrows); the white arrow indicates deeper ectasia seen within left-sided nodule. B, The left vocal fold margin is rolled up onto the superior 
surface of the fold so that ectasia within the nodule can be seen more clearly (arrow), particularly the knuckle variant. C, Nodules have been removed (see Figure 95-8 ), but spot coagulation of dilated capillaries is present at approximately 2-
mm intervals (arrows). 



 

Figure 95-10 An operative view of a hemorrhagic polyp on the right true vocal fold of 14 months' duration. Note the capillary ectasia. 

 

Figure 95-11 A, A large right epidermoid inclusion cyst with a characteristic dilated capillary. Note the large left nodule. B, An epidermoid inclusion cyst in another patient is delivered through a cordotomy incision. 

 

Figure 95-12 A, A mucus retention cyst of the right vocal fold. Note the relatively greater margin deformation compared with the epidermoid inclusion cyst. B, In another patient, a cyst is delivered through cordotomy incision. 



 

Figure 95-13 A 90-degree telescope view shows a faint spherical outline of a small epidermoid inclusion cyst (arrows). 

 

Figure 95-14 Bilateral open cysts. Because the openings are small in relation to the size of the cysts, partial emptying of the keratin contents causes a mottled appearance. 

 

Figure 95-15a An operative sequence for removal of small mucus retention cyst in patient previously diagnosed as having vocal nodules. A, Initial operative view, left vocal fold. B, The cyst is exposed through an incision made on the 
superior surface of the fold. 

 



Figure 95-15b C, After removal of the cyst and redraping of undamaged overlying mucosa, only an incision line is seen (arrows). The patient's vocal fold was stiff under strobe illumination for several weeks postoperatively but ultimately 
regained full vibratory amplitude and mucosal wave as compared with unoperated cord. Vocal capabilities also returned to normal. With larger cysts, some stiffness can be recognized postoperatively on a permanent basis, particularly as the 
patient phonates at high frequencies. 

 

Figure 95-16 Sulcus of the left true vocal fold seen (A) undisturbed and (B) with forceps used to spread open its lips. 

 

Figure 95-17 A, An operative view of a chronic polypoid nodule. B, At the time of medial tenting of the mucosa preparatory to excision, a previously unsuspected sulcus is discovered (arrow). In this case, excision of the polypoid nodule 
alone without specifically addressing the sulcus resulted in marked improvement of vocal capabilities and eliminated this nonsinging patient's chronic hoarseness of the speaking voice. 

 

Figure 95-18 A mucosal bridge of the right vocal fold (with forceps passed under it) in the same patient seen in Figure 95-16 . 



 

Figure 95-19 Removal of a glottic sulcus. A, A vocal fold coronal section shows the sulcus. B, Injection of 1% lidocaine with epinephrine into Reinke's space spreads the sulcus lips. C, Incisions at the sulcus lips and dissection off the vocal 
ligament. D, After removal of the sulcus. 

 

Figure 95-20 Moderately large unilocular smoker's polyps (inspiratory view through a rigid laryngeal telescope). 

 

Figure 95-21 A, This operative view is seen after a left vocal fold polyp has been bivalved in the axial plane. Bouchayer forceps are holding the superior half of the polyp in preparation for removal. B, The final view after the upper part of 
polyp has been removed and myxoid material has been suctioned and dissected from between mucosal flap and vocal ligament; the resulting inferiorly based mucosal flap has been redraped over a free edge of the vocal fold. This female 
patient's speaking voice was markedly virilized preoperatively and considerably feminized postoperatively. The patient was aphonic for only 7 days postoperatively, whereas after traditional stripping, she may not have regained voice for 
many weeks. 



 

Figure 95-22 Iatrogenic mucosal scarring. This patient underwent bilateral vocal fold "stripping" elsewhere for persistent dysphonia, which was subsequently diagnosed as spasmodic dysphonia. The patient was reportedly aphonic for many 
weeks postoperatively. A, This operative photograph was taken 4.5 months after the original surgery. Granulomas are highly pedunculated and may have eventually detached or regressed spontaneously. Note the medial to lateral 
reorientation of vocal fold capillaries, a common finding after vocal fold stripping. B, The same patient after granuloma removal. Attachment points are marked at arrows. In this view, vocal folds are rolled superiorly, and considerable 
scarring is evident, particularly on right vocal fold. C, The same patient as viewed through a laryngeal telescope a few weeks later. The larynx shows pseudobowing caused by mucosal loss rather than by vocal fold atrophy. Under strobe 
illumination, these vocal folds were very stiff with minimal mucosal wave evident even at low frequencies. With a voice building regimen and scar maturation, a serviceable but limited voice was achieved. 

 

Figure 95-23 Postoperative dysphonia (severe diplophonia) from suspected overly aggressive polypectomy. A, The operative view from above shows a longitudinal scar. B, Cross-sectional view shows the surgical approach releasing 
microadhesion of mucosa down to vocal ligament. The patient experienced immediate and enduring relief of diplophonia. 



 

Figure 95-24 Contact granuloma, left. The general appearance and the cleft (arrow) where the opposite vocal process fits are typical. 

 

Figure 95-25 Video photographs through a laryngeal telescope of highly pedunculated right contact granuloma. A, The granuloma is drawn into the subglottis during sudden inspiration, thereby revealing more clearly its pedicle (arrow). B, 
Sudden exhalation blows the granuloma upward into the laryngeal vestibule. C, During phonation, the granuloma remains below the level of the vocal fold. Vocal fold closure is thus excellent, and speaking voice quality is remarkably 
undisturbed. 

 

Figure 95-26 Postintubation granulomas. 



 

Figure 95-27 The classification scheme for a laryngocele or saccular cyst. A, Normal anatomy. B, Anterior saccular cyst. C, Lateral saccular cyst. D, Laryngocele types. 

 



Figure 95-28 A saccular cyst, left, obscures most of the left vocal fold. A slightly larger cyst can be seen presenting at the medial wall of the pyriform (arrowhead), at the pharyngoepiglottic fold (arrow), or through the thyrohyoid membrane 
and into the neck (large arrow). 

 

Figure 95-29 A, A moderate-sized anterior saccular cyst obscures the anterior left true vocal fold and is shown (B) after complete excision with laser (not marsupialization). 

 

Figure 95-30 A voice laboratory view 1 week after complete endoscopic excision (not marsupialization) of a large lateral saccular cyst that had penetrated above the thyroid cartilage (direction of curved arrow) and outside the confines of 
the larynx. Parallel white arrows demarcate the vocal folds. The fat white arrow indicates the right pyriform sinus, and the fat black arrow shows the right arytenoid apex. The wall of the cyst was followed through the aryepiglottic fold, 
detaching it from the epiglottis (arrowhead). 

 

Figure 95-31 Diffuse recurrent respiratory papillomatosis distorts the contour of both true vocal folds and the right arytenoid apex. The dark dots (examples at arrows) represent the fibrovascular core within each papilloma. 

 

Figure 95-32 A large mass of papillomas obscures the vocal folds and airway. The patient has a tracheotomy tube. 
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Chapter 96 - MEDIALIZATION THYROPLASTY

Paul W. Flint 
Charles W. Cummings 



INTRODUCTION

Since the first writing of this chapter, laryngeal phonosurgery has continued an evolution encompassing a variety of procedures designed to rehabilitate the dysfunctional larynx. Phonosurgical procedures can be classified into several 
categories, including the following: (1) microlaryngeal procedures for excision of benign or malignant disease; (2) vocal fold injection for augmentation and medialization; (3) laryngeal framework surgery; (4) laryngeal reinnervation 
procedures; and (5) reconstructive and rehabilitative procedures after tumor resection. Laryngeal framework surgery has been further categorized by Isshiki[28] into four types of surgical procedures based on functional alteration of the vocal 
folds: medial displacement (type I), lateral displacement (type II), shortening or relaxation (type III), and elongation or tensioning procedures (type IV).[22] [25] [26] [27] 

This chapter focuses on laryngeal framework surgery and vocal fold injection as applied to rehabilitation of the paralyzed larynx, while specifically addressing the management of glottal insufficiency from unilateral vocal fold motion 
impairment.

HISTORICAL ASPECTS

The predominate focus of phonosurgical procedures has been rehabilitation of the paralyzed larynx. With a few exceptions, primary repair by end-to-end anastomosis after injury to the recurrent laryngeal nerve has been universally 
unsuccessful. [51] Failure of primary repair is ascribed to a random process of axonal regeneration at the site of injury resulting in the simultaneous contraction of antagonistic muscle groups, otherwise known as synkinesis. [11] [16] Alternative 
methods of reinnervation have been explored using ansa hypoglossus nerve-muscle pedicle implants into the posterior cricoarytenoid muscle and phrenic nerve to recurrent laryngeal nerve anastomosis for bilateral vocal fold paralysis.[4] [5] [13] [52] 
Ansa hypoglossus nerve-nerve anastomosis and nerve-muscle implant techniques have also been applied to unilateral vocal fold paralysis.[13] [53] Despite significant efforts in establishing appropriate reinnervation and function after injury to the 
recurrent laryngeal nerve, debate continues about the efficacy of these procedures. Reinnervation procedures applied to laryngeal rehabilitation are covered in greater detail in this section by Goding.

The first report of a phonosurgical procedure appeared when Brunings [9] introduced the concept of vocal fold medialization by injecting paraffin within the body of the paralyzed fold. This was followed by Payr's[47] description of an external 
approach for medialization using a posterior vertical incision through the thyroid lamina, whereby the anterior flap is collapsed inward, resulting in limited medialization. Neither approach gained acceptance. Almost four decades later, 
Meurman[41] reported a series of patients with vocal cord paralysis in which external medialization procedures were performed using a vertical parasagittal incision in the anterior thyroid cartilage and autologous rib cartilage grafts placed 
between the thyroid ala and the inner perichondrium. Meurman's procedure resulted in a high incidence of complications, probably as a result of perichondrial and mucosal perforations occurring with the anterior midline approach. In the 
1960s, Arnold[3] reintroduced vocal fold injection using an alloplastic material, Teflon. Over the ensuing years, experience with Teflon has demonstrated an increasing frequency of problems related to granuloma formation.[31A] [44] [46] 
Subsequently, an absorbable material (Gelfoam) was applied, allowing temporary vocal fold medialization by injection. Autologous fat has also been used to attempt permanent medialization.[8] [42] [57] However, the long-term effectiveness of 
autologous fat has been shown to be unpredictable with an overall success rate of 62% at 12 months.[36] Reports using bovine collagen injections for medialization were initially promising; however,
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soft tissue response resulted in variable results with respect to phonatory function. [17] More recently, micronized AlloDerm (Cymetra) has been applied for vocal fold injection with early reports indicating improved soft tissue response, 
increased tissue compliance, and overall improved phonatory function. Similar to bovine collagen, Cymetra may last 3 to 9 months and can be used for temporary medialization when recovery is likely to occur after RLN injury. [31] [48] 

Although numerous modifications of external approaches have been reported,[6] [24] [30] [43] [45] Isshiki[24] was the first to introduce the concept of alloplastic implant material for medialization. Using an external approach with Silastic implant, Isshiki 
is credited with the ultimate success and popularity of type I medialization thyroplasty. We are proponents of prefabricated implants with sizing systems. Two systems, VoCoM hydroxyapatite implants (Gyrus) and Montgomery Silastic 
implants (Boston Medical), are currently available.[10] More recently, Gore-Tex strips have been used to maintain vocal fold medialization with and without arytenoid adduction.[19] [39] [40] 

Although type I medialization procedures result in dramatic improvement in glottal efficiency and sound production, a small group of patients continue to have difficulty during phonation as a result of a large posterior glottal chink or vocal 
folds at unequal levels. To address this problem specifically, Isshiki and colleagues[24] introduced the arytenoid adduction procedure for unilateral vocal cord paralysis. By using a suture placed around the muscular process of the arytenoid, 
traction in the direction of the lateral cricoarytenoid and thyroarytenoid muscles results in medial rotation of the arytenoid and downward displacement of the vocal process, thus closing the posterior gap and placing the paralyzed vocal folds 
at equal levels. Arytenoid adduction and related procedures are covered in greater detail in this section by Woodson ( Chapter 97 ).

The advantages of an external approach to modify vocal fold tension and position without altering the structural components (mucosal fold and underlying muscle body) have expanded the role of laryngeal framework surgery. Isshiki and 
others[23] [29] and Koufman[35] have reported their experience with medialization and tensioning procedures for the management of vocal fold bowing and dysphonia resulting from sulcus vocalis and soft tissue deficits.

MANAGEMENT OF GLOTTAL INSUFFICIENCY ASSOCIATED WITH UNILATERAL VOCAL FOLD MOTION IMPAIRMENT AND SOFT TISSUE DEFICITS

Several procedures are available to manage glottal insufficiency, including vocal fold injection for medialization, medialization thyroplasty, arytenoid adduction, adduction arytenoidopexy,[58] and a variety of reinnervation procedures. 
Selection of the appropriate procedure depends on the duration of symptoms, degree of impairment, presence of anatomic or surgical defect, and potential for recovery. In addition, the patient's overall condition and life expectancy should be 
considered before one embarks on a procedure that may predispose the patient to added morbidity.

Patient Evaluation and Selection

Degree of impairment can be determined by subjective criteria based on the patient's symptoms such as breathiness, aspiration, and exertional intolerance or on more objective criteria obtained through a variety of tests. Currently available 
studies for the objective assessment of laryngeal function include perceptual assessment, simple phonatory function tasks such as mean or maximum phonation time, acoustic parameters (i.e., spectrographic analysis, measurement of 
fundamental frequency, perturbation of frequency and amplitude, signal/noise ratio), and measurement of phonatory airflow. The objective assessment of laryngeal function is covered in greater detail in the chapter by Samlan ( Chapter 87 ).

Videostroboscopy remains the most useful subjective and objective test for preoperative and postoperative evaluation of patients with unilateral vocal fold impairment, providing visual assessment of glottal closure and status of the mucosal 
wave. Reinnervation or denervation may be determined by the presence of abnormal or asymmetric mucosal wave patterns during stroboscopy; however, the absence of a mucosal wave does not necessarily imply denervation. Because the 
mucosal wave is a passive phenomenon established by adequate vocal fold tension and subglottal pressure, the presence of functional motor units is not a prerequisite for the development of the mucosal wave.[33] 

Electromyography (EMG) is the only test available at this time for evaluating the integrity of the laryngeal motor unit in the presence of vocal fold motion impairment. Laryngeal EMG is useful for prognosticating and determining the 



presence of denervation or reinnervation potentials. EMG is assuming a more active role in the prognostication, timing of intervention, and choice of surgical procedures for the paralyzed larynx.[49] [50] Despite normal voluntary electric activity, 
however, vocal fold immobility may be present as the result of laryngeal synkinesis, joint ankylosis, or cicatricial web formation. Distinction between these processes can be made only by palpation of the vocal process during direct 
laryngoscopy.

With documentation of denervation by EMG, medialization thyroplasty should be considered early in
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the presence of aspiration or severe dysphonia. If there is evidence of recovery visually or by EMG, medialization by injection using a resorbable material such as Cymetra can be considered as a temporizing procedure. Patients suffering 
from mild to moderate symptoms of dysphonia only may be counseled to allow spontaneous recovery to occur before considering permanent medialization procedures. Although type I thyroplasty is considered reversible, voice quality after 
the removal of implants has not been studied.

Prognosis, when combined with objective studies, will be useful for patient selection. Vocal fold paralysis with a favorable prognosis occurs after blunt trauma, endotracheal intubation, idiopathic vocal fold paralysis, and paralysis associated 
with viral pathogens (Ramsay Hunt syndrome). In this setting, severity of aspiration, dysphonia, and EMG findings can be used to determine the choice of procedure and timing of intervention, as outlined previously. Paralysis with poor 
prognosis for recovery includes those patients with injury after complete nerve section during surgical resection of tumor, invasion of cranial nerves by tumor, paralysis associated with thoracic aneurysm, and paralysis due to progressive 
neurologic disorders. Unlike peripheral recurrent laryngeal nerve injuries, high vagal injuries can result not only in loss of abductor/adductor function, but also loss of cricothyroid muscle function and deafferentation of sensory fibers. In this 
condition, vocal folds are more likely to be lateralized with marked bowing and atrophic changes. These patients generally have greater difficulty with dysphonia, dysphagia, and aspiration. Where denervation is documented or history 
portends a poor outcome, early medialization by thyroplasty is warranted.

Percutaneous medialization by injection should be considered in patients with short life expectancy and aspiration or severe dysphonia. In this situation, the time and expense of medialization thyroplasty or reinnervation procedures might not 
be justified.

Vocal Fold Medialization by Injection

Vocal fold medialization by injection remains a standard procedure for laryngeal rehabilitation. In the absence of arytenoid fixation and when adequate residual vocal fold structure remains to allow needle placement for augmentation, 
medialization of a paralyzed vocal fold by injection can be performed using a variety of materials. Autologous fat and Cymetra (human micronized AlloDerm) are the most common materials used today. Cymetra has been shown to provide 
excellent phonatory results lasting 6 to 12 months with little or no inflammatory response. The hyaluronic acid formulations such as Hylan B gel (Hylaform, Genzyme Biosurgery Inc.) used as an injectable material for medialization has also 
been shown to have favorable viscoelastic properties.[2] Collagen, although not specifically approved by the U.S. Food and Drug Administration for laryngeal injections, has been shown to be effective for management of vocal fold paralysis, 
sulcus vocalis, and soft tissue deficits.[7] Inflammatory changes associated with soft tissue response after bovine collagen injection can result in increased tissue stiffness and less than satisfactory results. Permanent adverse effects are unlikely 
to occur, however, since the collagen is ultimately resorbed. The use of Teflon paste (Polytef) for vocal fold injection is discouraged unless long-term patient survival is not anticipated. Adverse effects due to development of Teflon 
granuloma are well documented and include dysphonia caused by soft tissue reaction and airway obstruction from mass effect.[16] 

Transoral and percutaneous approaches have added a new dimension to the management of vocal fold paralysis.[38] [55] In most patients, medialization can be accomplished quickly and effectively in the office setting. These procedures are 
relatively simple and yield immediate results with little discomfort to the patient. If recovery of vocal fold function is likely, fat and Teflon are usually contraindicated, and alternative methods must be considered. Cymetra can be used as a 
temporizing measure in this setting. Percutaneous injections are performed without sedation using local anesthesia alone. Flexible fiberoptic laryngoscopy is required to visualize position and adequacy of injection. Given their advantages and 
ease of performance, percutaneous injections are becoming the preferred method in many centers. However, when airway management is a potential problem, injection in a controlled setting during direct laryngoscopy should be considered.

Percutaneous Injection

We prefer a lateral, percutaneous approach through the thyroid ala at the level of vocal fold determined by palpating the thyroid notch and inferior border of the thyroid ala anteriorly ( Figure 96-1 ). The vocal fold lies perpendicular to this 
line at the midpoint. Alternatively, an anterior approach can be used through the cricothyroid membrane, approaching the vocal folds from below.[38] [55] As the needle is inserted, it is angled superior and laterally under direct visualization using 
a flexible fiberoptic nasopharyngoscope.

When Cymetra is used for this procedure, it is reconstituted in saline and placed in a Luer Lock 1-cc syringe with a 1-inch, 23-gauge needle. Controlled pressure is required to pass the needle through the thyroid lamina. Visualization is best 
achieved with a flexible fiberoptic nasopharyngoscope with digital imaging system. The position of the needle can be visualized easily before entering the superficial layers
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Figure 96-1 Percutaneous injection with fiberoptic visualization. A, Lateral approach is used with the needle passed through the thyroid cartilage. The needle is visualized in the paraglottal space anterior and lateral to the vocal process. B, A 
lateral percutaneous approach for vocal fold injection. C, Site of injection. D, An anterior percutaneous approach for vocal fold medialization. (D from Cummings CW and others: Otolaryngology—head and neck surgery, update I, St. Louis, 
1989, Mosby.) 



 

Figure 96-2 Vocal fold injection performed by direct laryngoscopy using a Bruning syringe. The injection needle is placed lateral to the vocal process and vocal ligament to prevent infiltration into Reinke's space. 

 

Figure 96-3 Types of vocal fold injection. A, Intrachordal injection for vocal fold paralysis showing the bevel of the needle directed away from the medial edge of the vocal fold. B, Intramucosal injection resulting from misplaced injection 
with the bevel of the needle directed toward the medial edge of the vocal fold. (From Cummings CW and others: Otolaryngology—head and neck surgery, update I, St. Louis, 1989, Mosby.) 

 

Figure 96-4 Complications of vocal fold injection. A, Excessive and incorrect placement of injected polytef. B, Inspiration with partial obstruction. C, Phonation with vocal fold overlap. D, Polytef granuloma developing 2 years after 
injection, resulting in dysphonia and airway obstruction. (From Cummings CW and others: Atlas of laryngeal surgery, St. Louis, 1984, Mosby.) 



 

Figure 96-5 Prefabricated implant system made from hydroxyapatite. Implants vary from 3 to 7 mm of displacement. The implant is stabilized with a 0- to 3-mm offset shim (2-mm offset shim is shown with 6-mm displacement shim). 

 

Figure 96-6 Medialization thyroplasty. A, Skin incision. B, Sternohyoid muscle is elevated off the thyroid cartilage. C, The muscle is retracted posterior to thyroid lamina, a cautery template marks the fenestra (6 × 10 mm); and the superior 
aspect of the window is at the vocal fold level. D, the outer perichondrium is incised and removed. E, A cutting burr, followed by a diamond burr, is used to remove cartilage and protect underlying periochondrium; a small Kerrison may 
facilitate removal of cartilage from the fenestra. F, The inner perichondrium is circumferentially elevated with a blunt dissector. G, A template or appropriately sized prosthesis is placed in the most effective position; the appropriate position 
of the fenestra is shown relative to the vocal fold level based on external landmarks. H, Variations in placement of the implant, showing vertical and horizontal implants relative to the plane of the true vocal fold. 



 

Figure 96-7 A, Schematic rendition of implant positioned within fenestra and secured with shim. B, Intraoperative view of hydroxyapatite implant (VoCoM system, Gyrus Inc., Wales) secured with shim. 

 

Figure 96-8 A, Carved Silastic implant with medial and lateral flange to engage the thyroid lamina. B, Implant secured within fenestra in thyroid lamina. 



 

Figure 96-9 A, Schematic diagram of thyroplasty technique using Gore-Tex strip as described by McCulloch. The strip can be placed through a standard fenestra or, as shown in this figure, using an inferior approach. B, Postmortem whole 
organ section of human larynx obtained 6 months after Gore-Tex thyroplasty demonstrating medialization of implanted vocal fold. (Figure and Photomicrograph generously provided by Timothy McCulloch, M.D., University of Washington, 
Seattle, Washington.) 
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Chapter 97 - ARYTENOID ADDUCTION

Gayle Ellen Woodson 

INTRODUCTION

The arytenoid adduction procedure (AA) addresses laryngeal incompetence in patients with unilateral laryngeal paralysis.[13] AA mimics the action of the lateral cricoarytenoid muscle (LCA) to close the glottis via rotation of the arytenoid 
cartilage, rather than direct displacement of the membranous vocal fold.[12] An adduction suture is placed in the muscular process of the arytenoid, which is the origin of the LCA. This suture is passed forward through the paraglottic space and 
secured to the inferior thyroid ala ( Figure 97-1 ). This anterior traction pulls forward on the muscular process so that the arytenoid rotates. The vocal process, which is orthogonal to the muscular process, moves medially, dragging the 
membranous vocal fold with it. AA can be performed in conjunction with type I thyroplasty. Research in animal models indicates that a combination of the two is more effective than either procedure alone.[24] 

AA is a more invasive procedure than type I thyroplasty and is technically more difficult. AA has been reported to carry somewhat greater surgical risks, including airway obstruction, joint dislocation, fistula, and carotid injury. [16] [27] A recent 
study compared outcomes of type I thyroplasty alone or in combination with AA in 237 patients. The complication rate was 19% in patients undergoing AA vs 14% in those receiving thyroplasty alone. However, the difference in the 
complication rate was not statistically significant, and the two patients who required emergency tracheotomy for airway obstruction had thyroplasty alone.[1] AA does provide better closure of the posterior glottis, and research in animal 
models has objectively documented that acoustic and aerodynamic results for AA are better than for thyroplasty alone.[7] [10] Thus, AA is a valuable component of the therapeutic armamentarium for rehabilitating patients with laryngeal 
paralysis, particularly those with significant glottal incompetence.

The clinical impact of laryngeal paralysis varies greatly.[35] Some patients with unilateral paralysis are completely asymptomatic. At the other end of the spectrum, some patients are aphonic and have severe problems with aspiration during 
swallowing. Such severe symptoms result from laryngeal incompetence—the inability of the glottis to close completely. Two key factors that influence glottal closure in patients with laryngeal paralysis are the configuration of the paralyzed 
vocal fold and the compensatory function of the contralateral fold.

Several theories have been proposed to explain variations in symptoms and vocal fold positions in patients with laryngeal paralysis, ranging from selective damage to abductor fibers[25] to adductor action of the cricothyroid muscle (Wagner-
Grossman hypothesis).[15] [23] However, it has been demonstrated that the cricothyroid muscle does not exert an adductor force on the vocal fold.[2] [17] [34] It is now generally accepted that a medial vocal fold position results from residual or 
regenerated innervation of laryngeal muscles.[3] [8] [11] [29] When there is significant innervation of adductor muscles, the paralyzed fold is located near the midline, and compensatory activity of the normal side of the larynx can often close the 
glottis during phonation. In such cases, aspiration is rare, and hoarseness or breathiness responds well to surgical medialization of the membranous vocal fold performed by injection or thyroplasty. On the other hand, complete flaccid 
paralysis results in a cadaveric position of the vocal fold with more severe glottal incompetence, often referred to as a posterior gap.



It has long been recognized that vocal fold injection, such as with polytetrafluoroethylene (Teflon), cannot restore glottal competence when there is a large glottal gap.[9] There is some controversy regarding the efficacy of Ishiki type I 
thyroplasty in closing a posterior gap. It has been contended that a posterior extension of the thyroplasty implant can close a posterior gap, based on clinical observation.[20] However, other clinical reports as well as experimental studies
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Figure 97-1 Arytenoid adduction procedure. Anterior traction on the muscular process rotates the arytenoid so that the vocal process moves medially. 

 

Figure 97-2 Vocal fold angle formed by membranous and cartilaginous portions of the vocal fold. 

 

Figure 97-3 A, Apparent vocal fold shortening in laryngeal paralysis. B, Compensatory shortening of the mobile focal fold. 

 

Figure 97-4 Axis of rotation in arytenoid adduction, as determined in 3D motion analysis in cadaver larynges. 

 



Figure 97-5 Axes of rotation with simulated individual contraction of the two bellies of the posterior cricoarytenoid muscle in cadaver larynges. A, Sagittal view. B, Posterior, coronal view. C, Axial view. This data, as well as those from the 
study depicted in Figure 97-5 , illustrate the multiaxial nature of the cricoarytenoid joint. 

 

Figure 97-6 Posterior view of larynx demonstrating muscular process attachment of the arytenoid adduction suture and the suspension suture. The suspension suture is anchored to the inferior cornu of the thyroid cartilage. 

 

Figure 97-7 Surgical approach to the arytenoid, lateral to cervical strap muscles. The larynx is rotated to the opposite side, using traction on the superior cornu of the thyroid cartilage. 



 

Figure 97-8 Muscular process of the arytenoid cartilage, located at the convergence of PCA muscle fibers. 

 

Figure 97-9 Position of arytenoid adduction suture in the posterior inferior corner of the thyroplasty window to allow simultaneous thyroplasty. 
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Chapter 98 - LARYNGEAL REINNERVATION

George S. Goding Jr. 

INTRODUCTION

Complete recovery from laryngeal denervation can occur with spontaneous and appropriate regeneration of the recurrent laryngeal nerve (RLN). Surgical intervention cannot reliably provide appropriate vocal fold movement or the rapid and 
fine adjustments required for continuous vocal fold symmetry. Vocal fold medialization and augmentation allows for improved positioning of the paralyzed vocal fold. The RLN, however, supplies muscles with both abductor and adductor 



function. Reinnervation at the level of the RLN trunk can provide improvement in laryngeal muscle tone and mass. Reinnervation procedures designed to generate muscle movement must bypass the main trunk of the nerve and address 
individual muscles directly or at the most distal branches of the RLN.

In 1909, Horsley[67] reported the first successful vocal fold reinnervation. He performed a neurorrhaphy of the recurrent laryngeal nerve in a patient who had been shot in the neck with nearly complete recovery of laryngeal function. A number 
of authors[32] [74] independently reported recurrent nerve repairs with return of function.

Most of the time after a RLN anastomosis vocal fold motion does not return. Instead, a laryngeal synkinesis occurs with adductor and abductor nerve fibers nonselectively innervating the laryngeal muscles.[34] [63] [70] [113] The result of this 
neuromuscular mismatching is that counteracting forces are applied to the arytenoid by all the muscles innervated by the RLN and little or no functional movement occurs.[23] An inspiratory medial bulging is seen, which is thought to arise by 
the inappropriate activation of the thyroarytenoid muscle by abductor axons. The majority of RLN repairs, however, are incapable of producing abduction and adduction in functional coordination with the respiratory cycle.

The activity of the phrenic nerve during inspiration makes it an excellent candidate for reinnervation of the posterior cricoarytenoid (PCA) muscle. A similar muscle fiber type profile between the diaphragm and the PCA also exists. [10] 
Abductor mobility of the vocal fold had been obtained in multiple animal models.[4] [5] [9] [68] [131] Experimental reinnervation with the phrenic nerve after a 9-month delay is successful, but the functional recovery is reduced.[130] Attempts to create 
vocal fold motion with phrenic nerve reinnervation in humans, however, were unsuccessful.[25] 

Because of the inability to consistently obtain cyclical motion of the vocal folds in coordination with respiration, reinnervation at the level of the nerve trunk has not gained acceptance as a clinical modality in bilateral vocal fold paralysis.[46] 
Selective innervation of individual laryngeal muscles (in particular the posterior cricoarytenoid muscle) either by neuromuscular transfer technique,[18] selective anastomosis.[110] [129] or direct nerve implantation[8] [69] is required.

Although desirable, cyclical vocal fold motion is not mandatory for the successful rehabilitation of unilateral vocal fold paralysis. This has led to the successful use of vocal fold medialization techniques to improve the primary functions of 
the larynx (closure, respiration, and phonation). The vocal fold medialization techniques currently in use include thyroplasty, arytenoid adduction, and vocal fold injection. Laryngeal reinnervation at the level of the RLN can also take 
advantage of the resultant synkinesis to provide vocal fold position, bulk, and tone.

The two most common reinnervation techniques that have been applied to the problem of laryngeal paralysis in patients are the neuromuscular pedicle (NMP) and the ansa cervicalis-to-recurrent laryngeal nerve (ansa-RLN) anastomosis. 
Both take advantage of the same donor nerve (ansa cervicalis), but from there on the techniques differ.

The NMP procedure was developed in the 1970s and involves placement of the distal portion of the ansa cervicalis branch to the omohyoid muscle along with a small block of muscle into a denervated laryngeal
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muscle. The procedure is indicated in patients with either unilateral or bilateral vocal fold paralysis with different muscles being treated in each case. Depending on the success of reinnervation and the nature of the stimulus, there is a 
potential for recovery of vocal fold motion. In patients with unilateral vocal fold paralysis, the technique can be combined with thyroplasty.[119] 

The ansa-RLN anastomosis was first reported by Frazier in 1924 [41] and again in 1926[42] in an attempt to restore vocal fold movement. The current use of the technique was reported in 1986.[29] An end-to-end anastomosis of the proximal ansa 
cervicalis nerve to the distal stump of the RLN is performed. The procedure is indicated for unilateral paralysis because vocal fold motion is not restored. Instead, muscle tone is restored to the entire hemilarynx providing appropriate vocal 
fold position, bulk, and tone to the vocal fold. The result is the potential for a near normal vocal ability.

Physiologic and Anatomic Issues in Laryngeal Reinnervation

There is substantial evidence that reinnervated muscle takes on the characteristics of the donor nerve (see Talmadge[117] for review). This appears to happen by the reinnervating nerve imposing a pattern of activity on the muscle fibers it 
contacts. Thus, the selection of a donor nerve should ideally take into account the fiber type and contraction characteristics of the muscle to be reinnervated.

NERVE CHARACTERISTICS

The recurrent laryngeal nerve contains 1000 to 4000 motor axons, efferent axons, and sympathetic and parasympathetic secretomotor fibers depending on the level at which the count is made. The RLN gives off branches to the 
cricopharyngeal and inferior constrictor muscles as well as a sensory branch that communicates with the superior laryngeal nerve before entering the larynx. Five hundred to 1000 fibers are in the motor branches of the RLN.[58] Before 
branching within the laryngeal framework, the motor fibers to the various muscles are intermixed throughout the RLN nerve trunk, making selective reinnervation at this level impractical.[47] The anterior motor branch of the RLN enters the 
larynx posterior to the cricothyroid (CT) joint. The first branches that emerge from the RLN innervate the PCA muscle and often have connections to the midline interarytenoid muscle. The branch to the PCA has characteristics of a slow-
twitch motor nerve with axons containing 200 to 250 muscle fibers in each motor unit.[56] The interarytenoid muscle also receives a separate branch from each RLN resulting in bilateral innervation. The terminal branches of the RLN innervate 
the lateral cricoarytenoid (LCA) and thyroarytenoid (TA) muscles. The axons in this branch are more characteristic of fast-twitch fibers with motor unit sizes of 2 to 20 muscle fibers.[62] In some larynges, a connection between the SLN and 
the terminal fibers of the RLN can be seen within the TA.[105] 

Except for proprioceptive fibers carried within the nerve, the ansa cervicalis is a purely motor derivative of the ventral rami of the cervical plexus. Fibers from the first cervical nerve (C1) join the hypoglossal nerve until it curves 
anteroinferiorly. At this point, the C1 fibers leave the hypoglossal nerve to form the superior root of the ansa cervicalis. The geniohyoid and thyrohyoid muscles are supplied entirely by C1 fibers. The branch to the superior belly of the 
omohyoid muscle typically originates from the superior loop of the ansa cervicalis. Because of its proximity to the thyroid ala and its infrahyoid position, this branch has been frequently used as a donor for reinnervation using the NMP 
technique. The other strap muscles receive motor fibers from second and third cervical nerves primarily via the inferior root of the ansa cervicalis. The lower portions of the sternothyroid and the sternohyoid muscles receive terminal nerves 
that branch off the loop of the ansa cervicalis as it passes deep to the omohyoid muscle.[20] 

MUSCLE FIBERS IN GENERAL

The performance of a particular muscle depends on the character of the individual muscle fibers it contains. Based on their histochemical and contraction properties, the fibers of skeletal muscle can be classified as slow fatigue resistant (type 
1), fast fatigue resistant (type 2A), or fast fatigable (type 2B). Several other classifications and subtypes exist (see Staron[115] for review). Type 1 fibers are characterized by a low peak tension, a slow contraction time, a low threshold of 
recruitment, fatigue resistance, and a dependence on aerobic metabolism. Muscles that are required to produce low tension over a prolonged period of time generally have a high proportion of type 1 fibers. Type 2 fibers are found to play a 



prominent role in muscles that can generate high tension for short periods. Type 2B fibers have a fast contraction time and can generate a higher tension. They are more easily fatigued, have a higher threshold of activation, and depend on 
anaerobic metabolism. Type 2A fibers are intermediate in tension, fatigability, and threshold, and they make use of both aerobic and anaerobic metabolism. The laryngeal muscles also have high-velocity, low-tension fiber types (2L or mixed 
fiber type) that may be similar to those found in extraocular and jawclosing muscles.[109] [111] [112] [133] 
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Most mammalian skeletal muscles are made up of multiple fiber types. Because of these combinations, the various whole muscles have a variety of contraction and relaxation characteristics. The peak contraction time of the extraocular 
muscles is the fastest, whereas the soleus is the slowest.

Laryngeal Muscles

Activity of the PCA muscle is synchronous with inspiration and precedes activation of the diaphragm by 40 to 100 msec.[51] The amount of activity varies directly with ventilatory resistance. Activity of the PCA produces lateral turning of the 
arytenoid, resulting in abduction of the vocal fold. Loss of PCA muscle tone results in instability of the arytenoid cartilage. Based on the gross anatomy[50] and innervation, [106] the PCA in humans can be divided into a horizontal compartment 
and a vertical/oblique compartment.[106] The PCA in laryngectomy specimens consists of nearly equal percentages of type 1 and type 2 fibers.[77] A similar ratio is seen in the primate PCA.[55] Other authors have found the PCA to have a higher 
percentage of type 1 fibers.[10] The remainder of the muscle fibers appears to be mostly of the intermediate (type 2A) variety. These findings are consistent with the peak contraction time of the PCA, which is approximately 40 msec.

Reinnervation occurs most easily at the sites of the original motor endplates. It is possible that placement of a reinnervating NMP near a large population of motor endplates could improve the end result.[48] The motor endplates of the human 
PCA muscle are distributed in a loosely arranged arc in the midportion of the muscle. The density of endplates is increased in the deeper portions of the PCA.

TA activity increases with phonation and reflex protection of the airway. Contraction of the TA is critical to the fine control of the mass and tension of the phonating edge of the vocal fold. Atrophy of the TA muscle results in a reduced vocal 
fold volume and glottal incompetence. LCA and TA muscle paralysis severely compromise the ability to adduct and stabilize the vocal process of the arytenoid. Bilateral innervation of the TA muscle is not sufficient to compensate for this 
loss.

The TA and LCA are faster muscles. Their peak contraction times of 14 msec (TA) and 19 msec (lateral CT) make them some of the more rapid muscles in the body.[55] [102] The composition of muscle fibers in the TA is approximately 40% 
type 1, 55% type 2A, and 5% type 2B. The higher frequency of oxidative fibers characterizes this muscle as having aerobic metabolism, resistance to fatigue, and fast contraction. [52] The faster response characteristics of these muscles are 
appropriate for their phonatory and protective functions.

The pattern of motor endplate distribution in the TA and CT muscles is more diffuse than in the PCA. In the CT muscle, the majority of the motor endplates are in the medial two-thirds of the muscle,[31] whereas in the TA the endplates are 
scattered throughout the muscle.[100] Placement of an NMP in precise locations, therefore, can offer a limited advantage in reinnervating the PCA and CT muscles. These diffuse patterns differ from skeletal muscles elsewhere in the body 
where they form a narrow band at the midpoint of the muscle.[31] 

Both adductor and abductor laryngeal muscles contribute to the position and stability of the arytenoid cartilage.[24] Restoration of adductor and abductor muscle tone should allow appropriate arytenoid position and stability.

The CT muscle participates in deep inspiration, expiration, and phonation. The CT is innervated by the superior laryngeal nerve and is not addressed by ansa-RLN reinnervation. CT contraction pulls the vocal process in an anterior and 
slightly medial direction. This anterior pull is offset by the stabilizing effect of PCA and LCA contraction.

Infrahyoid Muscles

The ansa cervicalis is the most commonly used donor nerve in laryngeal reinnervation. The peak contraction times of the thyrohyoid and sternothyroid are approximately 50 msec.[57] Approximately two-thirds of the muscle fibers are type 1.[64] 
The infrahyoid muscles have enzyme profiles similar to limb muscles and lack the presence of faster mixed fibers found in the laryngeal muscles.[65] 

In the hope of obtaining vocal fold movement, the activity of the various infrahyoid muscles has been examined. The strap muscles extending below the larynx function as accessory muscles of inspiration in varying degrees. The sternohyoid 
muscle has consistently shown little to no consistent activity with respiration. In the canine a regular contraction of the sternothyroid muscle is seen with quiet respiration, but all strap muscles lacked phasic activity in the primate. With 
increased airway resistance and hypoxia, inspiratory activity was greatest in the omohyoid, followed by the sternothyroid, in the primate.[36] The sternothyroid in labored respiration can result in vocal fold lateralization even if the larynx is 
paralyzed by means of its effect on the laryngeal skeleton. [40] 

The thyrohyoid muscle can similarly assist in adduction of the vocal folds. Medial positioning of the vocal folds is assisted by its action of displacing the thyroid cartilage upward. Based on activity relative to the respiratory cycle, the nerve 
supplies to the sternothyroid and omohyoid muscles would be acceptable candidates for reinnervation for laryngeal
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abduction. The thyrohyoid muscle activity makes its branch of the ansa cervicalis nerve an appropriate choice for laryngeal adduction. Because specific laryngeal muscles are not reinnervated in isolation with the ansa-RLN anastomosis, the 
activation patterns of the infrahyoid muscles become less meaningful with this technique. Denervation of an infrahyoid muscle does occur and can result in a change in vocal quality immediately after surgery. Sacrifice of the sternothyroid 
muscle can result in a decrease of lateral pull on the thyroid ala and a medialization effect. The opposite effect can occur with sacrifice of the thyrohyoid muscle.

The infrahyoid muscles are a less than perfect histochemical match to the recipient laryngeal muscles. After reinnervation for unilateral vocal fold paralysis with the ansa cervicalis, changes in the fiber type composition of the laryngeal 
muscles would be expected.

EFFECTS OF DENERVATION



With denervation, the area of sensitivity to acetylcholine, which is limited to the endplate region in the intact muscle, spreads out over most of the external membrane.[90] Denervation also eliminates both the trophic and activity-related 
influences on the muscle, resulting in muscle atrophy. Without reinnervation, there is progressive atrophy and eventual destruction of the muscle despite an adequate supply of all nutrients.

Reinnervation becomes less effective the longer a muscle is denervated. The different laryngeal muscles appear to atrophy at different rates, which vary with their fiber composition. In a study on primate larynges, the faster TA muscle 
showed a far greater reduction in fiber size than the slower CT or PCA muscles. By 8 weeks, however, all laryngeal muscles were fibrosed.[101] Muscle atrophy in human skeletal muscles apparently proceeds at a slower pace, with muscles 
surviving at least 3 years after denervation. Successful laryngeal reinnervation has been claimed as much as 50 years after the onset of laryngeal paralysis.[121] It is possible that some nerve sprouting occurs resulting in a low-grade but 
functionless innervation that preserves the muscle's ability to be reinnervated.[27] Innervation of laryngeal muscles can also come from misdirected reinnervation from autonomic nerves.[89] 

REINNERVATION

Successful regeneration of injured nerves requires three conditions to be satisfied: (1) the neuron responds to the injury with the metabolic changes necessary to support axonal regrowth; (2) the environment of the injured axon permits axon 
growth; and (3) the environment provides guidance clues for restoration of function.

Neuron Response to Injury

Division of the axon results in a unique state for the neuron. A number of changes occur, including swelling of the cell body, displacement of the nucleus, and disappearance of cytoplasmic basophilic material. This process, termed 
chromatolysis, is a preparation for axon regeneration as well as an indicator of cellular trauma and is thought to be due to the loss of neurotrophic substances.[95] A portion of the neurons after axon division die.[39] Survival of the nerve cell is 
facilitated by a number of neurotrophic factors that include neurotrophins, neuropoietic cytokines, and fibroblast growth factors. The neurotrophin family includes nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), 
neurotrophin (NT)-3, NT-4/5, and NT-6. NGF plays an important role in sensory neuron survival. [44] [135] BDNF, NT-3, and NT-4/5 support the survival of motor neurons.[60] [134] Macrophages invading the area of injury release interleukin 1-β, 
which up-regulates the production of NGF.[86] This results in an increased expression of NGF in the nerve trunk after injury. [103] The neuropoietic cytokine ciliary neurotrophic factor, located primarily in the cytoplasm of myelinating Schwann 
cells,[43] also promotes the survival of motoneurons.[3] Cell death may be negligible with rapid reinnervation.

Axon Growth

Injury (pressure, cold, or section) leads to a breach in axon membrane, resulting in a breakdown of axonal internal structure associated with calcium entry and the activation of calcium-activated proteases.[108] Axonal disruption spreads 
proximally a variable amount (up to 2 mm). The entry of calcium ions into the injured axon is important for resealing the damaged membrane. In the distal axon, wallerian degeneration occurs. Macrophages invade the distal nerve segment 
and digest myelin debris and degrade axons. The process of wallerian degeneration creates an environment highly supportive of axonal growth. Schwann cells form Büngner's bands within the endoneurial tubes. NGF, BDGF,[82] insulin-like 
growth factor,[54] and ciliary neurotrophic growth factor[96] are produced by the Schwann cells in the injured nerve trunk.

Regenerating axon sprouts arise (mainly at nodes) up to 6 mm proximal to the injury site. Sprout formation is rapid. The ability to form sprouts is an intrinsic property of the axon and can occur before there are any changes in the cell body. 
Growth cones are found at the tip of the nerve sprouts. The growth cone consists of a swollen central core from which extend flattened, webbed processes called lamellipodia and
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numerous stiff, fine processes called filopodia (composed of actin). The growth cones interact with laminin, and fibronectin present in the basal lamina of the Schwann cells. These glycoproteins play a key role in promoting the growth and 
advancement of the regenerating axons.[78] Other molecules such as semaphorines, ephrins, netrins, and other extracellular matrix molecules provide important negative cues to axonal guidance.[19] Advancement of the axon appears to occur 
through the interaction of filopodia with a number of cell-adhesion molecules.[75] 

Restoration of Function

Regeneration is pointless unless the regenerating axons grow back to reinnervate the original targets. Motor axons will preferentially reinnervate distal motor branches of a severed nerve. The specificity is gained primarily through pruning of 
misdirected fibers.[16] Some evidence for a neurotrophic mechanism for directional nerve regrowth exists,[72] but the usual outcome after nerve injury suggests the specificity is low. A major problem is that, after division of a nerve, a functional 
specificity in motoneuron regeneration for the original muscle does not exist.[7] [17] [118] The result, in a regenerating nerve supplying several muscles such as the RLN, is synkinesis.

Muscle fiber types can change under the influence of activation pattern[71] and altered innervation.[99] The changes following reinnervation with a different donor nerve may be related to a different pattern of activity imposed by the new nerve 
supply. Fiber type grouping is thought to be a result of this process.[73] Mechanisms for directing the regenerating motor axons within a single muscle leading slow- and fast-twitch axons to the appropriate muscle fibers have some influence on 
reinnervation.[132] The effect, however, is not enough to prevent changes in muscle fiber type. Reinnervation with a new donor nerve would be expected to be more likely to change the fiber type composition of the reinnervated muscle and 
thus its contraction characteristics.

NEUROMUSCULAR PEDICLE

The NMP technique attempts to transfer a nerve with a portion of its motor units intact to a denervated muscle. Preservation of motor units is brought about by including a small block of muscle at the distal end of the donor nerve. This 
distinguishes the technique from nerve anastomosis, implantation of a nerve stump, and direct electrical stimulation of muscle fibers.

Reinnervation with a Neuromuscular Pedicle

Successful reinnervation with an NMP depends partly on the ability of the transplanted axons to reach receptive sites on the recipient muscle fibers and partly on the ability of the muscle fibers to accept innervation from foreign nerves. With 
partial denervation of the transferred nerve, the remaining intact motor neurons develop sprouts that provide reinnervation preferentially at the original endplate sites of the denervated muscle fibers.[14] [114] This phenomenon is important to 
successful transfer of the NMP because a portion of the nerve fibers in an NMP may have an intact motor unit.[127] Axon sprouting results in a larger number of motor fibers innervated by each nerve. Mature nerve terminals appear to be 
limited in functional expansion to three to five times the normal terminal field. [98] 



Laboratory Investigations

In early experiments, a block of muscle containing the terminal branches of the recurrent laryngeal nerve was removed and reimplanted into the larynx. [126] [127] A small portion of muscle was incorporated at the distal end of the transferred 
nerve to transfer intact nerve fibers. The short time to functional recovery (2–6 weeks) was thought to be caused by the avoidance of degeneration and regeneration before effective reinnervation.

In 1973, reinnervation of the canine larynx with an NMP derived from the ansa cervicalis nerve, and its insertion into the sternohyoid muscle was described.[61] The technique was modified because of the unavailability of the recurrent 
laryngeal nerve in most cases of laryngeal paralysis and the unsuitability of preserving a portion of the larynx in the presence of cancer.[120] A return of function was seen at approximately 6 weeks after surgery. Reinnervation could be 
successful up to 6 months after denervation.[76] 

Evidence for reinnervation with the NMP has included muscle response to pedicel stimulation, demonstration of neural tracer in the central motor nuclei of the donor nerve,[1] and glycogen depletion in fiber of reinnervated muscles.[38] 
Successful use of the NMP technique in animal models has been reported by multiple authors.[18] [49] [53] [81] [107] In these studies, electrical stimulation of the transferred nerve or induction of increased respiratory effort was required to produce gross 
motion.

In other studies, the presence of vocal fold movement under hypercarbic conditions was not associated with evidence of reinnervation either by direct stimulation [22] [87] [97] or histologic evaluation.[97] Other maneuvers such as dividing the inferior 
pharyngeal constrictor[87] or dividing the superior laryngeal nerve or the strap muscles[22] were effective in eliminating the observed vocal fold motion. Postoperative scarring that could stabilize the arytenoid and lateral tethering of the 
arytenoid to the thyroid cartilage is a potential explanation for vocal fold motion not related to reinnervation.[28] 
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A modification of the NMP technique involves using a transferred NMP as a means of providing access to a denervated muscle for long-term electrical stimulation.[11] [12] [13] A cuffed electrode can be placed around the nerve component of an 
implanted NMP. This should prevent deterioration at the electrode-muscle interface. Successful pacing was accomplished for the sternothyroid[12] and PCA[13] muscles using tracheal motion with respiration as the triggering signal.

Indications

Bilateral Paralysis

The NMP can be considered for any patient with bilateral vocal fold paralysis that has persisted for 6 months[121] to 1 year.[123] In practice, however, only half of these patients are suitable candidates.[122] Fixation or limitation of the cricoarytenoid 
joint is the most common contraindication, composing approximately one third of cases.[123] Direct laryngoscopy and palpation of the arytenoids before proceeding with the NMP procedure is recommended.

The ansa cervicalis nerve and its insertion into the appropriate strap muscle must be available for this technique. Any prior surgery or trauma that may have injured the ansa cervicalis should be carefully reviewed. Other causes of airway 
obstruction should be resolved before reinnervation.[123] 

Central nervous system disease resulting in vocal fold paralysis is a relative contraindication. Tucker[123] has reported only a 40% to 50% success rate in these patients. Such diseases can also disrupt the function of the ansa cervicalis nerve.

Finally, the laryngeal muscles must be able to accept reinnervation. Although successful reinnervation has been reported after 22 and 50 years of denervation, muscle atrophy probably plays a role in hampering the outcome. The incidence of 
cricoarytenoid fixation may increase with time,[124] but this finding has not been confirmed hstologically.[45] 

Unilateral Paralysis

Consideration of reinnervation is usually delayed in patients with unilateral paralysis until enough time has passed to make spontaneous recovery unlikely. In patients who have difficulty with aspiration, vocal fold injection has been 
recommended. Prior injection of polytetrafluoroethylene (Teflon) into the vocal fold, however, has been associated with a poor vocal result.[79] The procedure also has been limited to patients who require above average vocal quality.

As for bilateral vocal fold paralysis, the patient must be able to tolerate the procedure, must have the ansa cervicalis nerve intact, must have the selected adductor muscle in suitable condition for reinnervation, and must have a mobile 
arytenoid on the paralyzed side. An inability to visualize the larynx by normal endoscopic methods precluding transoral injection is an additional indication for NMP reinnervation.[79] 

Technique

The description of the NMP below is that described by Tucker[120] [121] [123] [124] [125] with modifications by other authors as noted ( Figure 98-1 ).

Bilateral Paralysis

The procedure begins with laryngoscopy and palpation of the arytenoids with the patient under general anesthesia and paralyzed, with no endotracheal tube. Once it is determined the arytenoids are freely mobile, the patient is intubated and a 
tracheotomy is performed if one is not already present.

A horizontal incision is made near the lower border of the thyroid cartilage. The anterior border of the sternocleidomastoid muscle is exposed and retracted laterally. Demonstration of the anterior belly of the omohyoid muscle and the fascia 
overlying the internal jugular vein is completed. The branch of the ansa cervicalis supplying the anterior belly of the omohyoid muscle can be identified in two ways: first, the main trunk of the ansa cervicalis is found as it crosses the internal 
jugular vein and it is traced proximally and distally until the appropriate branch is recognized; second, the medial border of the omohyoid is mobilized near its attachment to the hyoid and dissected in a medial to lateral direction along the 
muscle. The nerve is usually accompanied by a small arterial vessel, which is preserved. If the nerve is injured, the branch to the sternothyroid is also acceptable. [28] [128] 

After the point of entry into the muscle is determined, dissection of the nerve is continued distally until its terminal branches are identified. This may require an additional 2 to 3 mm of dissection from the entrance of the nerve into the 
muscle. A block of muscle large enough to include the terminal branches (usually 2 to 3 mm on a side) is dissected free with the attached nerve. The muscle block is kept as small as possible since it will act as a free graft. The proximal 
portion of the omohyoid branch of the ansa cervicalis is mobilized, and care should be taken to preserve the accompanying vessel.



The lateral margin of the thyroid cartilage is identified and used to rotate the larynx toward the opposite side. Keeping the dissection close to the lateral edge of the thyroid ala, the fibers of the inferior constrictor are bluntly separated. 
Dissection is continued until either the pyriform sinus is encountered or the PCA muscle is seen. The mucosa of the pyriform sinus is bluntly displaced superiorly, if necessary. The PCA
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Figure 98-1 Neuromuscular pedicle (NMP). A, NMP harvested from omohyoid muscle. The branch of the ansa cervicalis nerve to the omohyoid is removed with a 2- to 3-mm attached block of muscle. B, NMP placed into PCA after 
rotating the larynx and separating the fibers of the inferior constrictor for the treatment of bilateral paralysis. C, NMP placed into LCA via a window in the thyroid ala for the treatment of unilateral paralysis. 

 

Figure 98-2 Ansa cervicalis to RLN anastomosis. A, Exposure of branch to sternohyoid muscle. B, Exposure of RLN in the tracheoesophageal groove. C, Ansa-RLN anastomosis. 



 

Figure 98-3 Muscle-nerve-muscle graft between the innervated and denervated cricothyroid muscle. 
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Chapter 99 - MALIGNANT TUMORS OF THE LARYNX AND HYPOPHARYNX

George L. Adams 
Robert H. Maisel 

INTRODUCTION

There are many similarities between malignant tumors of the larynx and hypopharynx in relationship to etiology, clinical presentation, and surgical treatment, which permits a discussion in a single chapter. In particular, the adverse effects of 
the surgery on speech and swallowing and reconstructive techniques require an understanding of the close relationship of these tumors. With time, tumors of the larynx can extend to the hypopharynx and vice versa. At the same time, there 
are distinct differences in the ultimate behavior of these two areas of malignancy. Laryngeal carcinomas are more prevalent in heavy smokers, present earlier, and are less likely with the exception of supraglottic malignancies to metastasize 
early to the adjacent lymph nodes. On the other hand, hypopharyngeal carcinomas present late, have a high association with alcoholism and other disorders, and commonly present with cervical metastatic disease. Most importantly, because 
of the early presentation and lack of rich lymphatic drainage of the larynx, tumors confined to the laryngeal framework have a substantially better prognosis. Their early detection, the effectiveness of the American Cancer Society in warning 
patients of the need for evaluation of persistent hoarseness, and an easier in-office endoscopic examination allows for the earlier detection and treatment. In addition, studies reported in this chapter will show that conservative treatment when 
not effective still permits reasonable salvage by more radical surgery. On the other hand, hypopharyngeal malignancies do not cause symptoms until the late stage of the disease, and most of the patients have palpable adenopathy in the neck 
when initially seen. Surgical salvage for recurrent disease is less likely to be successful. History of dysphagia or persistent sore throat, even on office examination, may not reveal an early malignancy, especially on the posterior pharyngeal 
wall or even in the postcricoid area. Referred otalgia (pain referred to the ipsilateral ear) may be the only initial complaint and can mislead the practitioner.

In the past 10 years, a substantially more conservative approach to the management of advanced malignancies of the larynx and hypopharynx has become evident. Prospective randomized studies have demonstrated that laryngeal 
preservation with radiation as initial treatment with laryngectomy reserved for recurrent or persistent disease has become accepted. At the same time, there has to be an acceptance of a high incidence of late recurrent disease that will still 
necessitate laryngectomy, increased surgical morbidity from salvage surgery, and the potential of poor voice and difficulty swallowing when organ preservation is accomplished. Still, quality-of-life studies suggest that preservation of the 
larynx is a worthwhile goal and objective. The extension of this treatment to tumors of the hypopharynx has been less extensively explored, possibly because of the late presentation of so many of these tumors, difficulty in following these 
patients, and the overall greater mortality from the primary, locoregional disease, distant disease, and comorbidity factors of patients with hypopharyngeal cancer. With such a multiplicity of management schemas for these patients, an effort 
will be made to provide the rationale both from an anatomic and pathologic basis, as well as from prospective randomized studies to allow a treatment plan to be made for a given patient. The diversity of protocols and institutional treatment 
recommendations, particularly in carcinomas of the hypopharynx, results from the fact that no specific treatment has received overwhelming acceptance. Individualization of each patient, including evaluation of their general health, 
pulmonary status, and ability to accept radical surgery particularly for residual or recurrent disease, has to be included in the assessment. Particularly in more advanced cases, pretreatment assessment by the team of individuals including 
radiation therapists, oncologists, internists, and others who at some point will become involved in the treatment of the patient has become necessary for these patients.

2223

INCIDENCE

The American Cancer Society predicts that 10,270 new cases of laryngeal cancer will be diagnosed in 2004.[114] This figure is basically consistent with the data provided in 1994 and may actually show a slight decrease. It is interesting to note 
that this incidence persists, despite continual efforts to make the public more aware of the adverse effects of smoking. The demographics and epidemiology of the disease have changed during the past 40 years. The male/female incidence has 
dropped from 15:1 to now less than 5:1 in 2004.[114] This statistical change in the United States has been hypothesized to be a result of women obtaining an equal place in the toxic work environment and participating in what has become a 
more socially acceptable act of public cigarette smoking. The time between these behavioral changes (i.e., since World War II) and the recently altered gender statistics on cancer of the larynx may represent the duration of exposure needed 
to cause cancer of the larynx.

In the United States, the incidence of hypopharyngeal tumors has consistently been about one-third of that of laryngeal cancers. The incidence of esophageal and laryngeal cancers among blacks is twice that among white Americans. [292] In 
addition, blacks are often diagnosed at a later stage of disease. Factors that correlate with the development of cancers of the larynx and hypopharynx include tobacco use, alcohol abuse, or a sibling with head and neck cancer. In addition, 
there is an association among presence of human papillomavirus (HPV), previous radiotherapy, and previous head and neck cancer.[37] 



Tobacco is a major risk factor for the development of larynx cancer. Many studies show that risk increases with increasing tobacco use.[228] People who smoked 40 or more cigarettes daily had an age-adjusted death rate of 15/100,000 
compared with 0.6/100,000 person-years among nonsmokers. The death rate for pipe and cigar smoking was 5/100,000 person-years. European studies on filtered cigarettes and light (air-cured) tobacco compared with flue-cured or black 
tobacco showed the former two categories to be somewhat protective (50% lower risk) against cancer of the larynx and hypopharynx.[276] Rolled cigarettes are also more dangerous than commercially packaged cigarettes. La Vecchia and others
[144] suggested that smokers of cigarettes with >22 mg of tar had double the incidence of laryngeal cancer compared with smokers of low-tar cigarettes. International studies have confirmed that the risk of laryngeal cancer developing decreases 
with time after the cessation of smoking. This accumulation of evidence indicates that tobacco acts as a promoter and an initiator in carcinogenesis.

A recent French study showed a 13-fold increase in laryngeal cancer for smokers, and those consuming more than 1.5 L/day of wine had a 34-fold increased risk.[7] [95] This model suggests the high risk is multiplicative and without interaction. 
Additional risk is attributed to early onset and long duration of smoking.

A form of tea known as mate in Latin America and chimarra in Brazil has been a recognized risk factor for cancer in other aerodigestive sites. DeStefani and others[58] [59] calculated a relative risk of 4.9 for laryngeal cancer in those who drink 
more than 1.5 L/day of this beverage compared with those who consume none. The phenols in the drink may be cancer promoters or may act as a carcinogen solvent.

Chemical carcinogens in the workplace that relate to laryngeal cancer include asbestos, nickel compounds, and certain mineral oils. Glass-wool has been associated with an increased mortality for laryngeal cancer in an Italian study.[24] The 
consensus of participants in the 1991 International Works on Perspectives on Secondary Prevention of Laryngeal Cancer was that smoking cessation and reduced alcohol drinking are the most effective means of preventing the development 
and recurrence of laryngeal cancer. A toxin-free work environment and a healthy diet are also important.

Genetics and susceptibility to cancer are hard to separate from lifestyle and the environment. Patients should be educated that cigarettes and, to a lesser degree, pipe and tobacco smoke are associated closely with laryngeal cancer. Beer and 
hard liquor are suggested to be more at fault than wine, although, as recognized previously, this may reflect only the mores of a country.

High incidence of second primary malignancies in head and neck squamous cell carcinoma has previously been demonstrated. A study in Fukuoka reported in 1998 showed an increased risk of multiple upper aerodigestive tract cancers in 
individuals with a positive family history for malignancy.[177] In their study, there was a higher incidence of hypopharyngeal esophageal cancer, as well as the disease occurring in younger individuals. They suggest that the same chromosomal 
change may be responsible for both the increased familial incidence of hypopharyngeal carcinoma and the increased overall incidence of second primary malignancies in patients with upper aerodigestive tract cancer. The extension of this 
argument is the need for panendoscopic assessment of patients with hypopharyngeal malignancies who have a potential for a second malignancy.

A study in Manchester, England, showed that only 5% of patients with hypopharyngeal cancer had it develop before the age of 45.[11] A clinical impression existed that younger patients did worse and may have
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presented with later stage disease. This study comparing those younger than age 45 with those older than age 60 showed no difference in prognosis.

Wahlberg[286] conducted a similar study in Sweden comparing the age of both men and women at the time of presentation for hypopharyngeal carcinoma. This study was important because of the decreased incidence of the Plummer-Vinson 
syndrome in Sweden during this period of time. Men were diagnosed twice as frequently as women, and in the women reported there was no change in survival related to age younger or older than age 60. However, men diagnosed before the 
age of 60 had a poorer prognosis than those diagnosed after the age of 60.

There have been many recent advances in understanding the genetics of head and neck cancer. There have been investigations into circulating immune complexes.[284] Aneuploidy has been recognized to accompany the progression from 
dysplasia to head and neck cancer.[313] Knudson's proposal of the two-hit hypothesis, whereby both copies of the retinoblastoma gene, when deleted, lead to clinical disease in retinoblastoma, represents an important modern cancer place theory 
and has been suggested to occur in head and neck cancer as well.[130] 

Vogelstein's theory of inactivation of tumor suppressive genes or activation of proto-oncogene, another pillar of oncologic theory, has been evaluated in laryngeal cancer as well. Genetic alterations of chromosomal region 9p21 seem to occur 
frequently and early in the progression of preneoplastic abnormal mucosa to invasive cancer.[86] [120] This loss affects the p16 gene that acts in cell cycle regulation.[244] [319] Failure to have programmed cell death and apoptosis may be the step that 
immortalizes tumor cells.

Gene locus 17p13 has been implicated to create mutant p53, which, when present, seems to result in progression to invasion by carcinoma and risks further genetic changes.[87] [178] Clinically this p53 mutation has been noted in many squamous 
cell carcinomas[33] [201] and when the wild p53 suppressive gene is lost, it is presumed this fits Vogelstein's theory of inactivation of tumor-suppressive gene (TSG) by the mutant copy.

Similarly, activation of a proto-oncogene (11q13) amplifies the oncogene cyclin D1. This oncogene activates cell wall progression (noted in one-third of tumor specimens studied) and is associated with tumor invasion.[78] [199] 

It is hoped that learning more about these suppressive genes and oncogenes will guide patient therapy once their molecular pathways become better understood.[96] Although the present intense interest in genetics and the molecular biology of 
laryngeal cancer offers no clinically relevant treatment, studies have suggested that mutagen-induced chromosome breaks may be an independent risk factor for head and neck cancer. They also seem to correlate with the incidence of second 
tumors.

HPV has been detected in many lesions of the head and neck, including squamous cell carcinoma. HPV types 16 and 18 have been identified as a major risk for the development of cancer in the cervix. This is presumed because of the E6 and 
E7 viral protein-mediated degradation of p53. This enzyme is involved in genomic integrity, proliferation, and apoptosis, which are considered important in immortalizing cancer cells. The ability to use this information about HPV is not 
clear in laryngeal cancer, because many studies have used different techniques, and the results vary in sensitivity and specificity. Although a recent study suggests that oropharyngeal cancer is 14.4 times more likely, with previous HPV 
exposure, measured by serologic markers,[178] the studies limited to laryngeal cancer are not so clear. Almadori and others[3] suggested one-third of laryngeal tumors had evidence of HPV DNA, but Ha and Califano [96] suggest from their review 
of the literature that HPV has a reasonable mechanism to promote tumor progression, but its role may be site specific, with a minority of laryngeal cancers influenced by HPV. Clayman and others[44] found 24 of 57 specimens from laryngeal 
cancer were HPV positive. Their studies suggest detectable HPV may represent a biologically distinct subset of tumors with poor prognosis. In contrast to Clayman's results, Sisk and others[246] suggest the presence of HPV confers a survival 
advantage among cancer patients, particularly when p53 is wild type.

Koufman[131] reported 31 patients with carcinoma of the larynx, with reflux documented in 84%. In contrast to most series, only 58% were smokers. Although the relationship is not proven, gastroesophageal reflux is regarded as a risk factor 



for laryngeal carcinoma.[81] [131] [291] 

RISK FACTORS FOR HYPOPHARYNGEAL CANCER

With the exception of postcricoid carcinoma, which was formerly more common in women, all forms of hypopharyngeal malignancy are more common in men, usually aged 55 to 70. A history of heavy alcohol ingestion, cirrhosis of the 
liver, and heavy smoking is usual.[123] In women, the reverse ratio for postcricoid carcinoma has been related to Plummer-Vinson syndrome. The postcricoid/piriform ratio is also reversed in patients seen and managed in Egypt in whom the 
postcricoid area was the site for 50% of identifiable malignancies in the hypopharynx.[231] The piriform sinus was the site in only 26%. The disease occurs primarily in men by a ratio of 7:1. In England and the
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United States, a postcricoid carcinoma is considered the least common site. One possible explanation for this is nutritional deficiencies in upper Egypt and the presence of schistosomiasis. Similar to Plummer-Vinson syndrome, this 
combination leads to chronic sideropenic anemia. It may also be associated with vitamin C deficiency.

Plummer-Vinson or Paterson-Brown-Kelly Syndrome

The combination of dysphagia, hypopharyngeal and esophageal webs, weight loss, and iron deficiency anemia in women aged 30 to 50 years of age was first reported in the United States by Plummer in 1914.[93] Vinson[283] elaborated on it 
further in 1922. Simultaneously in Europe in 1919, Paterson-Brown[124] [208] described a similar entity. In 1939, Waldenström referred to this syndrome as sideropenic dysphagia. [288] It soon became apparent that this entity was present in most of 
Europe and North and South America, and it is still most common in the United States, Sweden, and Wales. Of patients, 85% are women.

Initially, the dysphagia is intermittent, but it later becomes constant. Patients accept this and continue to modify their diet to softer food. However, when the disorder is recognized early, management with bougienage, iron replacement, and 
vitamin therapy can reverse the disease process. When fibrosis develops secondary to chronic inflammation, webs and irreversible long strictures develop. Additional findings include early loss of teeth, development of cheilosis, and glossitis 
with an atrophic appearing mucosa of the tongue and pharynx. There may be associated splenomegaly, hepatomegaly, and achlorhydria.

Radiologic examination with a barium swallow shows a hypopharyngeal web, most commonly in the low hypopharynx or the area between the postcricoid region and the thoracic esophagus. The web is initially anterior but later becomes 
circumferential.

The association of the benign syndrome with postcricoid carcinoma was made because of the reverse in the usual 4:1 ratio of male/female prevalence of cancer in other areas of the head and neck. In a series of 322 women who had 
postcricoid carcinoma develop, one-third to two-thirds had a history of Paterson-Brown syndrome. Malignancies were more common in patients who never sought management. The malignancy began just proximal to the web, possibly 
because of chronic irritation. In the same study, 76 patients with Paterson-Brown syndrome were followed prospectively, and postcricoid carcinoma developed in only one.[172] In this circumstance, however, most patients had undergone 
management with iron replacement, vitamin B replacement, and dilation. Currently, in the United States, because of the reduced incidence of this syndrome, postcricoid carcinoma is more common in men.

Prognosis has not changed significantly in the past 20 years for patients with advanced hypopharyngeal cancer. This relates to the tendency for submucosal extension into the esophageal introitus; metastatic spread to the mediastinal, 
tracheoesophageal, and jugular nodes; and a higher incidence of distant metastases for hypopharyngeal cancer than for most other head and neck malignancies.

Second Primary Malignancies

Patients with malignancies of the hypopharynx have a significant risk of a second primary malignancy developing or have a second malignancy diagnosed at the time of presentation (metachronous malignancy).[222] Coexisting second primary 
malignancies are found in 4% to 8% of patients who have one head and neck primary malignancy.[118] Thus, preoperative assessment includes chest radiography, endoscopy, and careful evaluation of any other findings or symptoms the patient 
might have (e.g., blood in urine, gastrointestinal symptoms, positive stool guaiac finding). The probability of finding a second primary cancer in the lung is low if the chest x-ray is clear. The likelihood of a second primary tumor developing 
for head and neck cancer is 12.8%.[104] The head and neck and the lung are the most common sites. The likelihood of a second primary tumor developing increases with time and is 23% at 8 years.[47] In a study of 875 patients with epidermoid 
carcinoma of the head and neck,[143] 207 had second primary malignancies develop within 5 years of their primary or index tumor. Of these patients, 64 (30.9%) had a third primary malignancy develop, and 21 (10%) had a fourth primary 
malignancy develop. Virtually all patients (203 of 207) had a history of >50 pack-years of smoking. Of the remaining four patients, three had a history of alcohol abuse.

The hypopharyngeal area was the third most common site for patients with floor of mouth cancers to have a second primary malignancy. The mean time between development of first and second primary malignancies was 1.5 years; tumors 
tended to occur sooner in the hypopharyngeal area than in other sites.

Diagnosis

Early recognition of malignancies of the larynx and hypopharynx is crucial if the cure rate is to be affected. Most patients with hypopharyngeal cancers (70%) manifest stage III disease. However, laryngeal cancers are detected at an earlier 
stage. Because >95% of malignancies are squamous cell or epidermal carcinoma, malignancy of the larynx and hypopharynx has often been considered synonymous with squamous cell carcinoma. Other malignant tumors in the area
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are rare; however, because of the similarly presenting symptoms, biopsy confirmation of squamous cell carcinoma is essential before proceeding to definitive management. Hypopharyngeal tumors can cause a chronic sore throat, dysphagia, 
or referred otalgia and are thus managed with antibiotics, because the process is mistakenly attributed to infectious disease. The rich lymphatic network in the submucosal tissue surrounding the hypopharynx allows early spread to regional 
lymph nodes and direct extension into adjacent soft tissues. This accounts for the fact that 78% of patients with hypopharyngeal carcinoma have palpable cervical metastases when initially seen.

ANATOMY AND EMBRYOLOGY

The embryologic development of the larynx has been studied by anatomists and laryngologists and relates to the biologic spread of cancer. The development begins from the hypopharynx with the fusion of lateral structures derived from the 



tracheobronchial primordium (arch 4 or 5) in the midline. This lateral development and the scarcity of lymphatics in the true vocal cord have led to management theories in cancer of the larynx. A surgical division into supra-glottis, glottis, 
and subglottis has embryologic and anatomic correlates and historically has had value in predicting the patterns of tumor invasion and tumor behavior ( Figure 99-1 ). Frazer[79] in 1909 showed that the supraglottis came from the 
buccopharyngeal primordium (arch 3 or 4) without a midline merger, suggesting the risk of bilateral neck disease, because no midline barrier occurred, whereas glottic tumors usually metastasized ipsilaterally. Current surgical management 
is undertaken on the basis of the theory of compartmentalization of the larynx, which evolved 

 
Figure 99-1 Classification of laryngeal lesions by the anatomic area involved. (From Ogura JH, Biller HF: Partial and total laryngectomy and radical neck dissection. In Otolaryngology, vol 4, New York, 1971, Harper & Row Publishers.) 

 

Figure 99-2a Histologic sections. A, Carcinoma on the laryngeal surface of the epiglottis growing through natural epiglottic fenestration (light arrows) into the preepiglottic space. A typical fibroelastic pseudocapsule has formed (heavy 
arrows) around advancing cancer. (Hematoxylin-eosin; original magnification ×40.) 

 

Figure 99-2b B, Sole routine squamous cell carcinoma of the epiglottis located below the hyoepiglottic ligament did not grow through the epiglottic foramina into the preepiglottic space (arrow). (Hematoxylin-eosin; original magnification 
×10.) C, Squamous cell carcinoma arising on the laryngeal surface of the epiglottis (light arrow) and invading the preepiglottic space (heavy arrow). (Hematoxylin-eosin; original magnification ×1.) (From Zeitels SM, Vaughan CW: Ann 
Otol Rhinol Laryngol 99:951, 1990.) 



 

Figure 99-3 T3 supraglottic carcinoma extends to the glottic level through the paraglottic space. Note the extension below the floor of the ventricle (arrow) with widening of the paraglottic space. (Hematoxylin-eosin, gross coronal section.) 
(From Weinstein and others: Laryngoscope 105:1131, 1995.) 

 

Figure 99-4 Dimensions of the paraglottic space located lateral to the mucosa of the larynx and deep to the cartilaginous framework. (Reprinted with permission from the American Academy of Otolaryngology—Head and Neck Surgery; 
from Myers EN, Alvi A: Laryngoscope 106:561, 1996.) 

 

Figure 99-5 Anatomic regions of the hypopharynx. 



 

Figure 99-6 Hypopharyngeal carcinomas metastasize primarily to these nodes. The superior jugular and midjugular nodes are the most common sites of the metastases. However, metastasis to the retropharyngeal nodes, paratracheal nodes, 
paraesophageal nodes, and parapharyngeal space nodes occurs. 

 
 

Box 99-1. TUMOR NODE METASTASIS STAGING

 
Tumor Size (T)

Tis Carcinoma in situ

T1 Tumor confined to one site

T2 Extension of tumor to adjacent region

T3 Extension of tumor to adjacent region or site with fixation of hemilarynx

T4 Massive tumor in invading bone or soft tissues of neck

Nodal Involvement (N)

Nx Minimum requirement to assess regional nodes cannot be met

N0 No clinically positive node



N1 Single clinically positive homolateral node 3 cm or less in diameter

N2 Single clinically positive homolateral node >3 cm but not >6 cm in diameter or many clinically positive 
homolateral nodes, none >6 cm in diameter

N2a Single clinically positive homolateral node >3 cm but not >6 cm in diameter

N2b Multiple clinically positive homolateral nodes, none >6 cm in diameter

N3 Massive homolateral node(s), bilateral nodes, or contralateral node(s)

N3a Clinically positive homolateral node(s), one >6 cm in diameter

N3b Bilateral clinically positive nodes (in this situation, each side of the neck should be staged separately; i.e., 
N3b ; right, N2a ; left, N1 )

N3c Contralateral clinically positive node(s) only

Distant Metastasis (M)

Mx Minimum requirements to assess presence of distant metastasis cannot be met

M0 No known metastasis

M1 Distant metastasis present

 
 
 
DIAGNOSIS

Diagnosis of Laryngeal Cancer

Physicians and cancer societies have educated the public to seek evaluation for hoarseness persisting longer than 4 weeks. A small lesion of the vocal fold will cause voice changes by affecting the vocal wave or restricting the direct 
opposition between the two vocal cords. Patients with reflux laryngitis, heavy smokers, and alcohol consumers often have an edematous, irritated larynx and may not appreciate a voice change from usual chronic hoarseness. Every patient 
with hoarseness should be examined, and if indicated, the larynx is biopsied. The examination should be satisfactory; although mirror examination gives the best color and depth perception, it may be
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supplemented by evaluation with a telescope or flexible laryngoscope. A difficult patient, or one with an intense gag reflex, requires supplemental examination, as do patients whose local anatomy prohibits complete examination of the entire 
intrinsic larynx, epiglottis, false and true vocal cords, and anterior commissure. Both piriform sinuses should be clearly seen with all saliva and secretions swallowed so that the mucosa can be recognized. Vocal cord mobility is assessed and 
recorded, because it has major implications in staging and management. Photo or video documentation allowing observation of dynamic laryngeal function can be performed in the office with care not to affect the airway when using the 
flexible scope. When possible, the laryngeal examination can be videotaped during indirect examination with a 70-degree or 90-degree telescope or a nasal flexible scope in questionable cases. This video documentation serves as a clear 
record as the plan for management is formulated. In selected cases, a small biopsy can be taken through a large channel flexible laryngoscope, allowing cancer to be diagnosed without the need for general anesthesia and endoscopy. Although 
indirect laryngoscopy can be helpful, the operator should appreciate potential complications. Any suggestions of trouble should abort the attempt, and endoscopy should be reserved for controlled examination in the operating room with an 
anesthesiologist available and, if necessary, a nurse in the room ready to help perform an emergency tracheostomy.

Dysphagia is usually a symptom of supraglottic or hypopharyngeal lesions, but laryngeal lesions can occasionally present with no change in voice because they start insidiously, with only symptoms of dysphagia or hemoptysis. Often, these 
symptoms are managed medically before referral for endoscopy. Airway obstruction with no apparent voice change may represent the presenting signs of a large supraglottic or subglottic lesion. The latter can present as refractory asthma 
without voice change, and referral may be indicated by a flow volume loop showing upper airway obstruction patterns in a patient with known asthma.

It is helpful in a stable patient to image the neck and airway before biopsy and operative endoscopy to recognize the loss of cross-sectional airway and to predict the need for urgent or emergent tracheostomy. In these circumstances, care in 
endoscopy should be exercised, because a more complete obstruction can be created by manipulation in the operating room. A debulking biopsy with the patient carefully controlled may prevent the need for tracheostomy and allow relief of 
the airway. The carbon dioxide laser has been used for this purpose. When the patient recovers, the biopsy is interpreted, and careful consultation and education of the patient are possible before proceeding to definitive management. Any 
cartilage removed at tracheostomy in a suspected cancer patient should undergo pathologic review.

Laryngeal cancer staging has been useful for studies of cancer management and as a dynamic and modified grade of lesion size and location ( Box 99-2 ). It allows institutional series to be compared, allowing recognition of the differences 
among different management groups. The two series are matched for tumor size and location. TNM staging is useful for discussing individual tumors in a patient and is required by institutions managing cancer patients and maintaining a 
tumor registry (Joint Commission on Accreditation of Healthcare Organizations [JCAHO] requirement). The staging was originally clinical but has been amended to allow supplementation with
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diagnostic radiography, including CT or MRI. Nodes >1 cm or nodes with central necrosis are considered N-positive on radiography. The correlation of the clinically noted categories of presumptive nodal abnormality with pathologic study 
has been 60% to 70% for a clinical examination (palpation) and varies between approximately 65% and 80% for imaging studies. MRI and CT seem equal in discriminating abnormal nodes. Neither imaging study (unless central necrosis is 
seen) nor physical examination recognizes nodes I cm, which may contain microscopic tumor and extracapsular spread. These clinically N0 pathologically N-positive nodes represent a management dilemma for the physician.



 
 

Box 99-2. CLASSIFICATION OF THE PRIMARY TUMOR FOR LARYNX (UICC AND AJCC)

 
Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

Supraglottis

T1 Tumor limited to one subsite of supraglottis or glottis with normal vocal cord mobility

T2 Tumor invades more than one subsite of supraglottis with normal vocal cord mobility

T3 Tumor limited to larynx with vocal cord fixation or invades postcricoid area, medial wall of piriform sinus, 
or preepiglottic tissues

T4 Tumor invades through thyroid cartilage or extends to other tissues beyond the larynx (e.g., to oropharynx, 
soft tissues of neck)

Glottis

T1 Tumor limited to vocal cord(s) (may involve anterior or posterior commissures) with normal mobility

T2 Tumor extends to supraglottis or subglottis, or with impaired vocal cord mobility

T3 Tumor limited to the larynx with vocal cord fixation

T4 Tumor invades through thyroid cartilage or extends to other tissues beyond the larynx, (e.g., to oropharynx, 
soft tissues of neck)

Subglottis

T1 Tumor limited to the subglottis

T2 Tumor extends to vocal cord(s) with normal or impaired mobility

T3 Tumor limited to the larynx with vocal cord fixation

T4 Tumor invades through cricoid or thyroid cartilage or extends to other tissues beyond the larynx (e.g., to 
oropharynx, soft tissues of neck)

 
AJCC, American Joint Committee on Cancer; UICC, Union Internationale Contre le Cancer.

 
 
Diagnosis of Hypopharyngeal Cancer

Hypopharyngeal malignancy is suspected in a patient with an appropriate history of heavy alcohol ingestion; heavy smoking; and persistent dysphagia, persistent sore throat, or a foreign body sensation in the throat. The average duration of 
symptoms before presentation is 2 to 4 months. A later symptom is pain referred to the ear by Arnold's nerve, a division of the tenth nerve. Referred otalgia suggests a malignancy in the region of the hypopharynx, base of tongue, or 
supraglottic larynx.

Of patients, 20% have an asymptomatic mass in the neck, usually ipsilateral, a jugulodigastric or midjugular lymph node. Associated symptoms include weight loss and, in most advanced stage disease, hemoptysis and hoarseness when the 
vocal cord becomes fixed by direct extension into the arytenoid cartilage or muscles.

Indirect laryngoscopy examination includes observation of vocal cord function. An ipsilateral fixed cord suggests a more advanced hypopharyngeal lesion. There may be pooling of secretions on one side of the piriform sinus obstructing 
adequate visualization of an area. There may be asymmetry of the laryngeal structure and edema in the region of the arytenoid. Lesions in the superior portion of the posterior hypopharynx show ulceration. The edges may be raised, or an 
ulceration may be identified. Flexible fiberoptic laryngoscopy may be necessary for assessment when mirror examination is not adequate.

Radiologic Assessment of the Larynx and Hypopharynx

Preoperative assessment of advanced malignancies is further clarified with CT. It may show extension of tumor beyond what is detected clinically by endoscopy and will show preepiglottic space and paraglottic space involvement and 
cartilage erosion.

CT and MRI show the substitution of high-density tumor for fat in the preepiglottic space. MRI using T2-weighted images may be superior to highlight submucosal tumor extension into the preepiglottic and paraglottic spaces.[88] Thyroid 
cartilage destruction is best assessed by CT.[267] This is reliable when clear destruction has occurred. This finding, when definite, mandates a total laryngectomy (T4 stage). Munoz and others[179] found only a 46% positive predictive value of CT 



for detecting cartilage invasion. Nakayama and Brandenburg[185] found that in tumors clinically and radiographically staged as T3 , 50% had microinvasion of the thyroid cartilage, usually at the thyroid notch.

When a malignancy of the hypopharynx is suspected, CT or MRI is preferred before direct laryngoscopy with biopsy. Thus, CT findings of edema are more likely to represent submucosal infiltration than be attributed to edema associated 
with the biopsy. In addition, CT may draw attention to additional areas that may need to be assessed and require biopsy at the time of endoscopy. CT may show more extensive disease than is appreciated by indirect or direct endoscopy 
( Figure 99-7 ).

Chest radiography is performed to evaluate the possibility of metastatic disease and a second primary malignancy in the lung. Bronchoscopy is not routinely indicated when chest radiography is completely normal. Whole-lung CT is required 
if chest radiography suggests any abnormality.[161] 

Endoscopic Evaluation of the Larynx and Hypopharynx

Office endoscopic assessment of the larynx is more useful than evaluation for the extent of disease in the hypopharynx. Most patients, however, even after thorough office examination, including video photography to evaluate vocal cord 
function ( Figure 99-8 ) and a schematic drawing, require general anesthesia for endoscopic assessment of the extent of disease and biopsy. It is preferable to concentrate on the laryngeal extent of the lesion after assessment of the 
hypopharynx (including both piriform sinuses and the postcricoid area) using a full esophagoscopy if indicated. The larynx is brought into complete view, and a photography or drawing is made of the extent of the lesion ( Figure 99-9 ). Cord 
mobility is best assessed preoperatively. In the operating room, fixation of the cord is differentiated from arytenoid fixation by palpation of the vocal process and can help stage the disease. The laryngeal probe permits assessment of the 
extension into the ventricle. Telescopes can be passed through the laryngoscope to assess the subglottic extent and better visualize the anterior commissure. The operating microscope also allows better visualization of the larynx. It is 
important to obtain biopsy specimens from the obvious tumor and any additional suspicious areas, particularly on the contralateral cord. This is
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Figure 99-7 Computed tomography shows extension into the soft tissues and bilateral nodal disease. A, The tumor is clinically evident only on the left. B, There is circumferential tumor involvement of the carotid artery. C, Invasion of the 
prevertebral fascia. 

 
Figure 99-8 Indirect laryngoscopy or fibroscopy findings are mapped and compared with Figure 99-9 . 

invasion can be measured. Similarly, large lesions should be adequately sampled with the laryngeal biopsy forceps to measure invasion below the basement membrane. Histologic aggressiveness suggested by a lesion that is poorly 
differentiated has not usually been predictive of biologic behavior; better predictions are deep and extensive invasion by T staging, microvascular invasion, and extracapsular spread in the nodes. In general, endolaryngeal lesions are well to 
moderately differentiated. Hypopharyngeal lesions are more likely poorly differentiated.

Patients with glottic tumors are seen early because of hoarseness. Clear diagnosis of invasion is difficult with a small biopsy sample of an early lesion. Repeat endoscopy is necessary if an adequate specimen is not obtained. Unless the 
endoscopist is experienced and confident, a frozen section to confirm invasive squamous cell carcinoma in lesions with generous biopsy material may be useful. When the gross lesion can be safely removed without anticipating undue 
complications (e.g., notching of the vocal cord), complete excision should be performed to create a satisfactory
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Figure 99-9 Direct laryngoscopic location of the mucosal tumor is mapped. 

specimen. Pseudoepitheliomatous hyperplasia (granular cell myoblastoma) of the supraglottic larynx may be misdiagnosed as carcinoma and is a clear example of a situation requiring an adequate biopsy sample. Failure to act in this manner 
will result in undue management of a benign disease.

MANAGEMENT OF PREMALIGNANT LESIONS AND CARCINOMA IN SITU

Pathologists are usually as comfortable categorizing laryngeal biopsy specimens as uterine cervix biopsy specimens. Although the written report may not be perfectly clear, sitting with the pathologists who reviewed the studies is encouraged. 
The five categories of laryngeal squamous abnormality run from benign to clearly malignant. They begin with hyperkeratosis, hyperkeratosis with atypia, carcinoma in situ (CIS), superficially invasive carcinoma, and invasive carcinoma 
( Figure 99-10 ).

When lesions clearly show hyperkeratosis with atypia and often CIS, management can be conservative if a satisfactory strip of cord is removed. The gross lesion should be microscopically removed. Follow-up and rebiopsy 6 to 12 weeks 
later is necessary. To apply
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Figure 99-10 A, Carcinoma in situ. B, Microinvasive carcinoma. In the early phase of invasion, irregular nests of well-differentiated squamous cells infiltrate the lamina propria and evoke an inflammatory response. A gland with squamous 
metaplasia is present near deeper carcinomatous cells. (From Ferlito A and others: Ann Otolaryngol 105:245, 1996.) 

 

Figure 99-11 Depth of abnormal mucosa in microinvasive and invasive carcinoma in situ. 



 
 

Box 99-3. CRITERIA FOR HEMILARYNGECTOMY FOR RECURRENT CANCER AFTER 
RADIOTHERAPY

Lesion limited to one cord (may involve the anterior commissure) 
 
Body of arytenoid free of tumor 
 
Subglottic extension no >5 mm 
 
Mobile cord 
 
No cartilage invasion 
 
Recurrence correlating with initial tumor 
 

 
From Biller HF and others: Laryngoscope 80:249, 1970.

 
 
A specimen to prove negative surgical margins should be obtained and oriented for the pathologist. Understood techniques should include the correct spot size of the laser beam, wattage, premedication, and preparation of the airway.

Hypomobility of the vocal fold reduces the cure rates and emphasizes the advantage of surgery over radiotherapy. This is often related to tumor bulk. Dickens and others[61] noted 4% of tumors <15 mm recurred after radiotherapy, whereas 
more sizable, similarly staged lesions recurred 26% of the time, even when only one vocal cord was involved.[67] T2 tumors managed by primary radiotherapy showed a 30% local failure rate, which, when surgically salvaged, improved to 94%.
[112] Harwood and De Boer[103] noted that impaired cord mobility resulted in lower control rates in T2 lesions, and they suggested the classification be divided into T2a and T2b on the basis of mobility. In this analysis, a 70% local control rate was 
noted for the former category vs 51% in the latter. In 1996, McLaughlin and others[171] noted an 11% recurrence rate for T2a with a 26% recurrent rate for T2b . Surgery  

TABLE 99-1 -- LASER MANAGEMENT OF T1 GLOTTIC CARCINOMA

 DISEASE-FREE PATIENTS (%)

Primary Therapy Local Control Rate Overall Control Rate After Further Excision, Surgery, or Radiotherapy

Laser Therapy 87.3 98.6

Radiotherapy 85.7 94.9

Data from Cragle SP, Brandenburg JH: Otolaryngol Head Neck Surg 108:648, 1993.
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salvaged six of nine T2b radiation failures. Ogura and others[197] reported an 82% tumor-free survival of 3 years for hemilaryngectomy as a single modality. Of 18 T3 vocal cord tumors managed by Lesinski and others,[149] 15 obtained local 
control despite the fact that 8 reportedly had positive margins; and 14 had immobility caused by bulky tumor invading the arytenoid and approaching the medial perichondrial border, but they did not have cricoarytenoid joint invasion.



Positive margins on a hemilaryngectomy specimen were shown to increase the risk of local recurrence by threefold according to Bauer and others [20] and seven-fold according to Wenig and Berry. [302] Despite this increased local recurrence, the 
2-year and 3-year cure rate was equal between patients with positive and those with negative surgical margins. There still is debate about whether the positive margins suggested by Bauer and others[20] were close margins, because a second 
sample from the patient, after the specimen was removed, was not submitted. A positive margin is clearly less dangerous for the pushing slow-growing glottic tumor than for hypopharyngeal or tongue tumors.[320] 

Biller and Lawson[27] achieved a 73% 2-year local control by extended partial surgery for such cases. When there is arytenoid invasion, the cricoid arch can be sacrificed, but subsequent swallowing is impaired if >10 mm of the subglottis 
anteriorly or 4 mm posteriorly is resected. Subsequent dysphagia is preventable with a thyroid cartilage or hyoid bone transplant to replace the missing cricoid. T2 and early T3 lesions of the glottis have more recently been managed by 
supracricoid laryngectomy with cricohyoidoepiglottopexy. This operation was championed in Europe in the late 1970s. Reports of this surgery performed in the United States began to enter the American literature in the early 1990s. The 
operation requires resection of the entire thyroid cartilage and paraglottic space. The cricoid cartilage, the hyoid bone, much of the epiglottis and at least one arytenoid cartilage must be conserved. A series of 36 patients were reported to have 
satisfactory deglutition, phonation, and 100% decannulation with a 5% local recurrence rate. Sixty-one percent of the patients had been pretreated with chemotherapy. [139] A current series of 17 patients noted 53% obtained a normal diet and 6 
additional patients had moderate oral dietary restriction. Voice quality was limited in range and intensity but was not equal to that after supraglottic laryngectomy.[36] A total laryngectomy with primary tracheoesophageal puncture is another 
reasonable choice for T3 glottic cancer. T3 glottic cancer has a statistically similar survival rate with different treatment protocols. The overall disease-free survival is 67% at 5 years. The cause of death from cancer included 37 of 200 deaths 
(18%) because of uncontrollable local or neck disease with 26 (13%) because of metastatic disease and 9% because of a second cancer.[237] The cure rate after total laryngectomy is excellent, and the regional and distant metastasis risk is small.
[121] 

Local cure by radiotherapy for glottic tumors, which almost always matches tumor-free survival, has not changed since 1974, when Fletcher and Jesse [73] noted 85% control rate, until 1996 when McLaughlin and others[171] noted 89%. Surgical 
management of radiation failures resulted in a 60% salvage rate, with a 70% salvage rate reported by Biller and Lawson[27] and a 95% salvage rate reported by Rothfield and others.[159] [226] The latter result is achieved when partial surgery can be 
performed despite radiation failure.

No clear advantage of surgery vs radiotherapy is noted in the literature for early glottic tumor, and local mores and abilities should prevail. Surgery is more successful for lesions with subglottic extension and impaired vocal mobility. 
Postradiation edema for longer than 6 months has a 45% association with deeply invasive recurrence and requires follow-up by endoscopy and imaging.[82] [290] 

Subglottic Cancer

Subglottic cancer is unusual, with only 1% of 2180 larynx cancers located 1 cm below the vocal cord according to Shaha and Shah.[240] The clinical presentation is usually by airway obstruction; many cases are regarded as symptomatic lower 
airway problems without response to management for chronic obstructive lung disease.

Patients may have airway insufficiency and obtain immediate relief when intubated. True subglottic lesions arise below the conus elasticus (1 cm below the free edge of the true vocal cord) and spread locally to invade the cricoid cartilage 
and thyroid gland with lymphatic spread to lower deep jugular nodes, the Delphian node (prelaryngeal), and the paratracheal nodes ( Figure 99-12 ).[99] Welsh[299] [300] reported that 96% of the colloidal gold injected into subglottic tissue was 
initially noted in the paratracheal nodes.

Management requires total laryngectomy, because laryngeal framework invasion is frequent. Ipsilateral thyroidectomy and paratracheal node dissection is necessary. For cases showing positive nodes or deep invasion, postoperative 
radiotherapy to include the superior mediastinum is needed to prevent stomal recurrence.

Extensive glottic carcinoma of stage T4 or T3 requires total laryngectomy in most cases and attention to the ipsilateral nodes, because a 20% risk of lateral metastasis occurs. Tumors larger than 1.5 cm, subglottic extension, and lymph node 
metastasis
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Figure 99-12 Pathways of nodal metastasis from subglottic tumors. Spread occurs along submucosal lymphatics to paratracheal nodes and along lower and midjugular chains. 

 

Figure 99-13 Stomal recurrence. A, Stage I. B, Stage II. C, Stage III. D, Stage IV. (From Sisson: Laryngoscope 99:1264, 1989.) 



 

TABLE 99-2 -- INCIDENCE OF HYPOTHYROIDISM AFTER MANAGEMENT FOR CARCINOMA OF THE LARYNX

Study Radiotherapy Laryngectomy and Thyroid Surgery Larynx and Neck Surgery

Vrabec206a 14% 66% 21%

Tami and others[265] 29% 69% 0%

Liening and others[152] 6% 65% 28%

Biel and Maisel[25] 38% 70% 20%
 
invasion of the tumor at this point. The specimen is removed and subjected to frozen section control. The preepiglottic space is included in the specimen and is often (50%) infiltrated either grossly or microscopically. The resection may 
require removal of all tissue to the inner perichondrium of the thyroid cartilage and thyrohyoid membrane. False cords are also resected when indicated. Authors report a return to the operating room to evaluate and rebiopsy a presumed 
positive resection margin may be necessary (12.5%) in the 4 weeks after surgery. For full evaluation and success of the technique, it must be noted that frequent postoperative x-ray therapy is used for indications at the primary site vs a rare 
need for this accompanying N0 supraglottic laryngectomy. The neck can be addressed at a subsequent occasion, because the soft tissues are not violated in entering the larynx. This separation of treatment to the neck from the larynx seems to 
offer better swallowing results and usually eliminates the need for a temporary tracheostomy. Good local control of 89% has been reported when radiation is included in the treatment. Functional results include resumption of an oral diet in 1 
to 2 weeks in most patients and is explained by lack of interruption of the tongue base and function of the arytenoids, which are considered important measures of laryngeal protection and recovery of swallowing after supraglottic 
laryngectomy.[154] Complications of the procedure include failure to eradicate the cancer and early postoperative bleeding, which can be fatal in an unprotected airway.

Reporting in 1994, Zeitels and others[315] used postoperative x-ray therapy in 55% of their 42 cases and considered this treatment as neoadjuvant therapy with histopathologic controlled results. The American experience with laser supraglottic 
laryngectomy has been increasing,[182] [315] [317] and this technique requires more evaluation and larger series to determine whether the early advantage of rapid return to an oral diet, absence of a trachesotomy tube, and the opportunity for separate 
attention to neck disease and the opportunity for postoperative small port x-ray therapy represents better rehabilitation, equal cure rates, and better economy compared with supraglottic laryngectomy and neck dissection as described later.

Marks and others[162] suggested that more central supraglottic lesions have less metastatic potential than aryepiglottic fold or lateral epiglottic sites. The preepiglottic space may contain the tumor, although epiglottic and anterior false cord 
tumors can spread across the midline in a horseshoe pattern.[158] The preepiglottic space has been invaded in up to 50% of cases of infrahyoid carcinoma, which cannot be predicted even if CT and physical examination are used.[168] The direct 
relationship between this invasion and lateral neck metastases is unclear but has been reported to be up to 50% even for early tumors.[317] In 1974, the Centennial Conference on Laryngeal Cancer concluded that preepiglottic space invasion 
worsened prognosis,[198] and this has been confirmed many times since.[316] 

Metastases to either side of the neck can occur, because the preepiglottic space feeds lymphatics to both sides.

Local extension beyond the supraglottis is protected above by the hyoepiglottic ligament, which roofs the preepiglottic space ( Figure 99-14 ). Yeager and Archer[312] suggest that the penetration between the laryngeal compartments occurs 
where the connective tissue attaches to cartilage. The cancer cells are presumed to separate collagen bundles and form a pathway through the perichondrium at the sites of strongest membrane attachment. Extralaryngeal spread at the anterior 
commissure and at the cricothyroid membrane fits this theory.

Mucosal extension seems to be resisted at the ventricle of the larynx, but occasionally deep extension through the submucosa of the ventricle to penetrates the paraglottic space occurs without mucosal disease. This can be recognized by 
imaging, which is best done before manipulation of the laryngeal tumor. Several authors, on the basis of their experience with invasion of the paraglottic space, warn that vocal cord paralysis without mucosal disease may herald this invasion. 
Evidence of such paraglottic invasion mitigates against partial laryngeal surgery and also suggests against radiotherapy alone.
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Figure 99-14 A, A gross laryngectomy specimen with deeply invading false vocal cord cancer. B, Sagittal section shows cancer filling the paraglottic space without penetrating the hyoepiglottic ligament (arrows). (From Zeitels SM, 
Kirchner JA: Ann Otol Rhinol Laryngol 104:770, 1995.) 

 

Figure 99-15 A line of extirpation of supraglottic structures as a unit in continuity with the entire preepiglottic space. (From Som ML, Max L: J Laryngol Otol 84:657, 1970.) 

 

Figure 99-16 Relapse-free and actuarial survival for 160 patients with carcinoma of supraglottic larynx. Patients who were lost or died of causes other than cancer were withdrawn; the relapse-free curve depicts only deaths from cancer. Note 
that cancer survival is flat at 4 years and after. Of primary and neck recurrences, 85% occurred within 2 years. (From Marks JE and others: Am J Roentgenol 132:257, 1979.) 



 

Figure 99-17 Location of lymphatic metastases in clinically N neck for the supraglottic larynx. 

 

Figure 99-18 A photomicrograph of verrucous carcinoma of the larynx shows hyperkeratosis, papillomatosis, and club-shaped rete ridges. (Hematoxylin-eosin; original magnification ×25.) (From Fliss and others: Laryngoscope 104:147, 
1994.) 

 

Figure 99-19 Proper endoscopic mapping of tumor is essential in planning therapy. These examples of tumors might be acceptable for partial pharyngectomy. Limited tumor on the posterior cricoid region would be amenable to resection by 
the laryngeal autograft method. 

 

Figure 99-20 Postcricoid carcinoma with metastatic disease in the left neck. The patient's voice was normal, because both vocal cords showed healthy function. The only finding on direct office examination was pooling in the left piriform 
sinus area. 



 

Figure 99-21a A, A lateral pharyngotomy for a limited posterolateral pharyngeal wall lesion. B, Supracricoid hemilaryngopharyngectomy. The external perichondrium and overlying strap muscles are rotated medially. A median thyrotomy 
incision is made, and the piriform sinus lesion is exposed. The resection includes the lateral portion of the hyoid bone and necessitates transection of the laryngeal pedicle. Closure is obtained by suturing the lateral pharyngeal wall to the 
preserved perichondrial flap. C, A pectoralis major myocutaneous flap serves best as a patch graft when it can be used for a 360-degree defect, but the swallowing results are superior when a 3-cm segment of the posterior pharyngeal wall 
can be preserved. D, A lateral pharyngotomy incision for a medial piriform sinus lesion. In this technique, the resection includes the preepiglottic space, but the contralateral laryngeal pedicle and superior laryngeal nerve are preserved. 

 

Figure 99-21b E, Cartilage incisions for tumor confined to the superior portion of the piriform sinus. In this technique, the cricoid cartilage and the contralateral laryngeal pedicle are preserved. The cartilage cut preserves the inferior cornu 
of the ipsilateral cartilage. This procedure is basically an extension of a supraglottic laryngectomy and includes resection of the entire preepiglottic space. 



 

Figure 99-22 A, Rolling of the pectoralis major myocutaneous flap to reconstruct the hypopharynx. The lower anastomoses should be carefully designed to reduce the likelihood of stricture. B, In a pectoralis major myocutaneous flap, an 8- 
× 10-cm skin paddle is outlined and raised on the long axis of the pectoral branch of the thoracoacromial artery. C, Outline of the skin paddle over the pectoralis muscle for hypopharyngeal reconstruction. When soft tissue is excessive, a 
split-thickness skin graft can be applied directly to the muscle to reduce the bulk of the paddle. 



 

Figure 99-23 A, Free jejunal segment reconstruction. The mesenteric artery is anastomosed to the superior thyroid or external carotid artery. Vein anastomosis to the facial thyroid or end-to-side to the jugular vein is another option. 
Preservation of a jugular vein is required. Vein is anastomosed to the superior thyroid (facial). B, A segment of jejunum is isolated with a complete arcade and an adequate length of the mesenteric artery and vein. 

 

Figure 99-24 A, Gastric transposition. The stomach is passed through the posterior mediastinum. Pyloromyotomy enhances food passage. A jejunostomy will be used for decompression and for temporary feeding. Jejunostomy may be 
retained when postoperative radiation is planned. B, The advantage of the gastric pull-up procedure is no anastomosis within the abdomen or mediastinum. The single anastomosis occurs near the thoracic inlet. Ligation of the short gastric 
vessels and left gastric artery permits rotation of the greater curvature of the stomach upward through the tunnel created at the time of resection of the esophagus. The stomach is placed in a plastic bag, which allows gentle passage through 
the posterior mediastinum to the neck. 



 

Figure 99-25 Divisions of neck nodes as defined by Sloan-Kettering Memorial Cancer Center. Levels II, III, and IV should be resected at the time of primary resection; even in clinical findings, comprehensive neck dissection including 
levels I and V is indicated. 

 

TABLE 99-3 -- METHODS OF HYPOPHARYNGEAL RECONSTRUCTION

Methods Advantages Disadvantages Complications

Hemipharyngectomy/hemilaryngectomy Single-stage, uses adjacent tissue, no stenosis, use in limited 
posterior wall tumors

Tumor limited to one side, no esophageal extension, no 
involvement of preepiglottic space or vallecula

Fistula in 29% to 50%

Pectoralis major myocutaneous flap Less-than-total pharyngectomy, single-stage Thick flap, stenosis, inability to swallow solids, 60% success Fistula, adverse effect of radiation

Deltopectoral flap Thin flap At least two, often four, stages; stricture formation; poor 
swallowing

Fistula, stenosis, inability to swallow solids

Radial forearm free flap (fasciocutaneous) Thin malleable tissue, partial or total pharyngectomy, no abdominal 
procedure

Requires microvascular anastomosis, short distance only Adynamic flap necrosis

Free jejunal graft Single-stage, early rehabilitation (10–18 days) Total pharyngectomy requires microvascular anastomosis, 
abdominal anastomosis, and temporary gastrostomy

Success rate is 90%, graft necrosis



Gastric pull-up Best choice for total esophagectomy, no intraabdominal anastomoses Necrosis of graft Mortality is 8% to 15%, complication rate is 26% to 
50%

Colon transposition Single-stage, delayed if jejunum fails Requires dilation of stenosis, poor swallowing results, two 
intraperitoneal anastomoses

Esophageal stump

 
When disease is more limited, the standard neck dissection can be modified if radiotherapy is to be delivered postoperatively. At issue is whether postoperative radiotherapy should always be administered in the patient with palpable nodes 
who has undergone a complete neck dissection. In the early 1970s, a series of reports suggested that cervical metastatic disease is preferably managed by surgery followed by radiotherapy. This provided better regional control but did not 
necessarily extend survival.

Ogura and others[192] reported their experience with 98 cases of piriform sinus cancer. Palpable cervical nodes were present in 52% of patients, and occult nodes found during surgery occurred in 38%. No patient who had negative nodes result 
at presentation or occult nodes found to be positive at the time of surgery experienced recurrence in the neck. However, in 21% of patients who had palpable nodes, neck recurrence developed despite radical neck dissection. Assuming that 
patients who had recurrence in the neck after radical neck dissection almost uniformly die of disease, Ogura and others[192] thought that radical neck dissection was indicated.

There are still some unresolved issues regarding the contralateral neck. If postoperative radiation therapy is planned, it is always included in this field. Johnson and others[117] retrospectively reviewed 169 patients with hypopharyngeal 
carcinoma. They found a significant incidence of failure rate in the contralateral neck in medial wall piriform sinus cancer compared with lateral wall lesions. They attribute this to involvement of the marginal zone as is often the case in 
supraglottic malignancies.

Like Johnson, Murakami[180] is also an advocate for bilateral neck dissections in all but T2 lesions of the hypopharynx. They found the presence of contralateral metastases in 30% of the hypopharyngeal specimens studied and in 70% of 
ipsilateral neck specimens. Tumors that extend superiorly toward the inferior tonsil pole may have retropharyngeal space lymph node involvement. At present, the issue is not resolved, but the need to address the contralateral neck by either 
surgery or radiation is required. Preoperative radiologic evaluation is required to evaluate for retropharyngeal node involvement and contralateral neck metastases.
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Figure 99-26 Metastatic carcinoma of the piriform sinus presenting with retropharyngeal node involvement. Prevertebral space involvement with early involvement of the cervical spine. 

 

Figure 99-27 Schematic of VA Laryngeal Preservation Study. 



 

Figure 99-28 Schematic of NCI Intergroup Study. 

 

Figure 99-29 Schematic of EORTC Study. 

 

Figure 99-30 Stricture after concomitant radiation therapy and chemotherapy as part of an organ preservation protocol. 
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Chapter 100 - MANAGEMENT OF EARLY GLOTTIC CANCER

Henry T. Hoffman 
Lucy H. Karnell 
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Gerry Funk 

... at the start of the 21st century, the oncologist and patient are presented with a bewildering array of choices for laryngeal cancer therapy. 
Ferlito and others[51] 

BACKGROUND

Demographics

The American Cancer Society estimates that 8900 new cases of laryngeal cancer occurred in the United States in 2002, representing 0.7% of the 1,284,900 new cancers that were diagnosed overall (excluding the most common skin cancers 
and carcinoma in situ).[4] Although the number of new cancer cases in the United States has overall remained stable (between 1,220,100 and 1,284,900) from 1999 to 2002, the number of new cases of laryngeal cancer have decreased ( Figure 
100-1 ). These incidence estimates of new cancer cases ( Figure 100-1 ) are extrapolated from Surveillance, Epidemiology, and End Results Program (SEER) data and are not considered to be as accurate as survival data. Further indirect 
support for the diminishing incidence in laryngeal cancer is provided from the American Cancer Society, with more accurate mortality data identifying a parallel decrease in the number of deaths from laryngeal cancer during the same time 
period ( Figure 100-2 ). The decrease in both incidence and mortality from 1999 to 2002 appears to reflect changes primarily among males and parallels the decrease noted in their tobacco use.[30] 

Statistics from the National Cancer Database (NCDB) provide insight into contemporary demographics and management of laryngeal cancer in the United States. [33] Analysis of this dataset demonstrated that squamous cell carcinoma is the 
dominant histologic type of laryngeal cancer in the United States, representing approximately 95% of cases ( Figure 100-3 ). Unless indicated otherwise, the remainder of the discussion in this chapter focuses on squamous cell carcinoma.[48] [134] 

Etiology

Squamous cell carcinoma of the larynx is strongly associated with the use of tobacco and alcohol. An increase in the prevalence of cigarette use among females in the past has been linked to a proportionate increase in the number of female 
patients with laryngeal cancer. Other factors implicated in the development of laryngeal cancer include passive smoking, chronic laryngeal irritation from gastroesophageal reflux, and viral infection.[22] [66] [74] [124] [167] 

Since 1979 gastric acid reflux has been identified as a risk factor for laryngeal and pharyngeal cancer.[44] [114] Alkaline reflux has more recently been identified as a laryngeal carcinogen by Galli and others.[56] These investigators identified a 
higher than expected number of patients with pharyngolaryngeal cancer associated with achlorhydria and presumed alkaline reflux after gastric resection. They concluded that periodic endoscopy of the upper aerodigestive tract should be 
performed on gastrectomized patients because of their higher risk for pharyngolaryngeal disorders in general and cancer in particular. These investigators also identified that, among patients with laryngeal squamous cell carcinoma with an 
intact gastric acid secreting mechanism, 81% showed abnormal acid reflux on 24-hour pH testing.

Human papillomavirus (most notably the oncogenic type 16) has been shown be associated with head and neck cancer.[61] [109] [144] The role for human papillomavirus (HPV) infection in laryngeal oncogenesis has been supported by previous 
study but does
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Figure 100-1 American Cancer Society Facts and Figures: New laryngeal cancer cases by year. 

 



Figure 100-2 American Cancer Society Facts and Figures: Deaths from laryngeal cancer by year. 

 

Figure 100-3 National Cancer Database Benchmark Report: Histology of Laryngeal Cancer in the U.S. in 2000. © Commission on Cancer, American college of Surgeons. NCDB Benchmark Reports, v1.1. Chicago, IL, 2002. (The content 
reproduced from the applications remains the full and exclusive copyrighted property of the American college of Surgeons. The American College of Surgeons is not responsible for any ancillary or derivative works based on the original 
Text, Tables, or Figures.) 

 

TABLE 100-1 -- PRIMARY TUMOR (T) CLASSIFICATION OF GLOTTIC CANCER * 

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor limited to the vocal cord(s) (may involve anterior or posterior commissure) with normal mobility

 T1a Tumor limited to one vocal cord

 T1b Tumor involves both vocal cords

T2 Tumor extends to supraglottis or subglottis, or with impaired vocal cord mobility

T3 Tumor limited to the larynx with vocal cord fixation or invades paraglottic space, or minor thyroid cartilage erosion (e.g., inner cortex)

T4a Tumor invades through the thyroid cartilage or invades tissues beyond the larynx (e.g., trachea, soft tissues of neck including deep extrinsic muscle of the tongue, strap muscles, thyroid, or esophagus)

T4b Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures
*From Greene F, Page D, Fleming I and others: AJCC cancer staging manual, ed 6, New York, 2002, Springer Verlag. 
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cancers is based on extension to involve the opposite cord. A tumor limited to one vocal cord is T1a . A horseshoe lesion that extends around the anterior commissure to involve both vocal cords without impairing mobility is T1b . Despite 
consistency across all previous editions of AJCC staging manuals indicating that T4 status is based on "tumor invasion through the thyroid cartilage ...," it has been common clinical practice to consider any extent of thyroid cartilage invasion 
from a glottic cancer to be cause for T4 classification. Clinically apparent stage I glottic cancers (T1 N0 M0 ) were reassigned stage IV status (T4 N0 M0 ) when "microscopic invasion of adjacent cartilage" was identified.[49] Revision to the sixth 
edition AJCC staging manual identifies that minor cartilage erosion (e.g., inner cortex) should be classified as T3 rather than T4 .

Glottic cancers continue to be classified T2 based on two separate criteria: impaired vocal cord motion or transglottic spread beyond the glottis to involve either the supraglottis or subglottis. Although the AJCC does not discriminate between 
these two criteria, some investigators distinguish T2a from T2b cancers. T2a vocal cord cancers do not impair mobility but are a higher stage than T1 cancers by virtue of transglottic spread to involve the supraglottis or subglottis. T2b cancers are 
sufficiently invasive to impair vocal cord mobility without causing complete fixation. Revision to the sixth edition identifies that T3 classification results from vocal cord fixation or invasion of the paraglottic space. This clarification is 
helpful to resolve controversy in the interpretation of subtle differences between impaired vocal cord motion and fixation. If the arytenoid remains mobile but the membranous vocal cord is tethered by deep infiltration to the paraglottic space, 
the cancer is considered a T3 .

Still further clarification is needed to address inconsistencies that persist among publications describing the paraglottic space.[12] [84] [101] [161] Berman defined the borders of the paraglottic space as they have been commonly reported by others: 

• Anterolateral: the thyroid cartilage.
• Inferomedial: the conus elasticus.
• Medial: the ventricle and the quadrangular membrane.
• Posterior: the pyriform sinus.[12] 

This definition fails to address the controversy as to whether all, part, or none of the thyroarytenoid muscle is part of the paraglottic space. [141] An assessment by Weinstein and others[171] defines the medial border of the paraglottic space as the 
tissue lateral to the conus elasticus at the glottic level and lateral to the quadrangular membrane at the supraglottic level. By this convention, the thyroarytenoid muscle is considered part of the paraglottic space. Others define the glottic 
portion of the paraglottic space as the fat deep to the intrinsic laryngeal musculature. For the purposes of T classification according to the revised AJCC criteria, it is reasonable to consider that paraglottic space invasion (T3 ) occurs when the 
fat compartment deep to the intrinsic laryngeal musculature is involved with tumor. Impaired vocal cord mobility (T2 ) (without paraglottic space involvement) may be considered when the thyroarytenoid or lateral cricoarytenoid muscles are 
infiltrated but not fully transgressed.

Carcinoma in situ is classified as Tis . Accuracy in classifying premalignant changes affecting the laryngeal epithelium is compromised by the subjective nature of the assessment and by a lack of uniformity in terminology. Some pathologists 
discriminate between severe dysplasia and carcinoma in situ, whereas others group them together as type III intraepithelial neoplasia.[34] [52] [108] The grading of laryngeal dysplasia as mild, moderate, and severe or as carcinoma in situ originated 
from a similar classification of preneoplastic diseases of the uterine cervix. Keratinizing dysplastic lesions of the upper airway are more common than in the cervix and are also more difficult to categorize. The differences that exist in the 
behavior of carcinoma in situ originating at these two distinctly different anatomic sites has also undermined the transfer of concepts governing uterine cervical carcinoma in situ to laryngeal carcinoma in situ.[21] Despite the clearly stated 
pathologic principle that high grade dysplasia and carcinoma in situ are equivalent terms in describing abnormal laryngeal squamous epithelium, clinical management is generally less aggressive for high grade dysplasia than for carcinoma in 
situ.

The stage grouping of primary tumor, regional lymph nodes, distant metastatic (TNM) classifications for laryngeal cancer is the same as for other head and neck mucosal sites ( Table 100-2 ). Although the stage groupings have been revised
—with the sixth edition introducing the division of stage IV into IV a, IV b, and IV c—the staging of early glottic cancer has remained constant (stages 0, I, and II).

Definitions: Early Glottic Cancer

The appropriate definition of the term early as it applies to laryngeal cancer has been debated. Some investigators have loosely used the term to describe laryngeal cancer in the context of management options. By this convention, a laryngeal 
cancer is considered early if it can be treated by partial laryngeal (conservative) surgery without a neck dissection, by endoscopic excision, or by radiotherapy alone.[50] Others apply the term early to stage 0, I, or II tumors
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TABLE 100-2 -- STAGE GROUPING OF LARYNGEAL CANCER * 

Stage 0 Tis N0 M0 

Stage I T1 N0 M0 

Stage II T2 N0 M0 

Stage III T3 N0 M0 

 T1 , T2 , or T3 N1 M0 

Stage IV a T4a N0 , N1 , N2 M0 

 T1 , T2 , T3 , or T4a N2 M0 

Stage IV b T4b Any N M0 

 Any T N3 M0 

Stage IV c Any T Any N M0 



*From Greene F, Page D, Fleming I and others: AJCC cancer staging manual, ed 6, New York, 2002, Springer Verlag. 

 
 
 
and late to stage III or IV tumors. This definition of early may be inappropriate. Because the extent of disease—not the rate of growth—determines staging, the term localized is more accurate than the term early.[46] Similarly, the term 
advanced may be more appropriate than the term late.[126] The most accurate grouping uses the terms localized for any-TN0 M0 disease, regionally spread or vicinally spread for any-TN+M0 disease, and widely disseminated for any-T-any-NM1 
disease.[47] Convention and tradition dictate that this chapter continue to use the terms early to refer to lower stage (0, I, and II) and late to refer to higher stage (III and IV).

National Data

Information regarding the demographics, management, and outcome for laryngeal cancers in the United States is available from past reviews of data accumulated by the NCDB.[63] [71] A review of the NCDB published in 1995 included data 
from 9101 laryngeal cancer cases managed during 1986 to 1989 and 8139 cases from 1992. These data represent approximately 39% and 65% of all laryngeal cancers evaluated in the United States during 1986 to 1989 and 1992, 
respectively. As  

TABLE 100-3 -- STAGING CHARACTERISTICS OF LARYNGEAL SQUAMOUS CELL CANCER CASES FROM 1992

 STAGE (%)   

Anatomic Subsite 0 I II III IV Early-stage (0, I, II) to Late-stage (III, IV) Ratio (Cases) (n)

Glottis 7.8 56.8 16.5 11.1 7.8 4.3 3566

Supraglottis 1.0 16.5 21.0 23.9 37.6 0.6 2130

Subglottis 2.1 14.9 28.7 22.3 32.0 0.8 94
 
with all other NCDB reports, these data were obtained as a convenience sample through voluntary submission by participating hospitals and central registries and may therefore not be representative of the United States.[78] The reviews were 
limited to squamous cell carcinoma.

Among the 8139 laryngeal cancers identified in 1992, glottic cancers (62%) were more common than supraglottic (37%) and subglottic (2%) cancers ( Table 100-3 ). Accurate staging was available for 87% of these cases and was presented 
as combined stage, also termed best stage. The more precise pathologic staging is used in cases in which surgical resection permits detailed evaluation of a resected specimen. Pathologic staging is not available when definitive management 
is nonsurgical. Combined stage or best stage reflects the pathologic stage when available or the clinical stage when treatment is nonsurgical.

Most glottic cancers are identified in the early stages ( Table 100-3 ) because hoarseness, a readily identified symptom, generally occurs early in the course of a cancer that is located on the vibrating surface of the vocal cords. Additionally, 
metastases rarely develop from small glottic cancers because the lymphatics are sparse in this region of the larynx.[132] Supraglottic and subglottic cancers frequently present at more advanced stages because small tumors are often 
asymptomatic and because the abundant lymphatic drainage in this region of the larynx permits metastases to develop early in the course of disease.

A comparison of treatment modalities for laryngeal cancer at all stages and sites identified that nonsurgical treatment increased from 43.8% during 1986 to 1987 to 47.4% in 1992 ( Table 100-4 ). Across these two periods, an increase in the 
use of endoscopic resection coincided with a decline in the practice of open partial laryngectomy.

Survival related to stage and management is presented in Table 100-5 . These data reflect survival (relative) adjusted for age, race, and gender and should be interpreted with the understanding that, in this retrospective analysis, no control of 
selection bias influenced choice of treatment. The slightly worse survival
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TABLE 100-4 -- SURGICAL MANAGEMENT OF LARYNGEAL SQUAMOUS CELL CANCER CASES

MANAGEMENT

Diagnosis Year None (%)
Laser Surgery/Local 
Excision/Stripping (%)

Partial Laryngectomy 
(%)

Total Laryngectomy 
Without Lymph Node 
Dissection (%)

Total Laryngectomy 
with Lymph Node 
Dissection (%)

Laryngectomy Unspecified 
(%)

Regional Distant 
(%) Unknown (%) Cases (n)

1986–1987 43.8 15.2 6.6 7.2 13.6 2.1 0.5 11.0 8701

1992 47.4 19.9 5.5 7.5 15.8 0.7 0.7 •2.5 7692
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TABLE 100-5 -- RELATIVE SURVIVAL FOR EARLY GLOTTIC SQUAMOUS CELL CANCER

  YEARS OF SURVIVAL  



Stage Management * 1 (%) 2 (%) 3 (%) 4 (%) 5 (%) Cases (n)

I Surgery 97 93 89 86 81 193

 Radiation 95 90 84 78 73 678

 Surgery and radiation 97 92 86 81 75 309

 Other 93 88 83 72 68 81

 All 96 91 85 80 74 1261

II Surgery 89 82 73 69 57 70

 Radiation 92 83 74 69 69 220

 Surgery and radiation 95 87 79 73 70 75

 Other 85 78 65 58 54 31

 All 92 83 74 69 64 396
*Survival data on management are presented to provide a record of outcome experience. Because patients were not randomly assigned to management groups, differences should be interpreted with caution. 

 
 
 
for stage I lesions treated with radiotherapy rather than surgery therefore may not represent a greater treatment failure rate. It is possible that only the healthiest patients were selected for surgical treatment. The differences in 5-year survival 
could reflect the effect of a greater prevalence of death from concurrent illness among those treated with irradiation.

The high percentage of stages I and II cases receiving combined modality therapy appears contrary to the principle that supports the use of a single modality for highly curable early cancers as a means to limit morbidity and cost. [38] This high 
incidence of combined modality treatment may be an artifact induced by recording the surgical biopsy as cancer-directed therapy. Most patients with stage I or II cancers receiving surgery and irradiation likely underwent a biopsy then 
received definitive irradiation. Through this interpretation, the use of radiotherapy as initial definitive treatment for early glottic cancers appears to be an even more pervasive practice.

Most stage I glottic cancers (54%) received initial definitive treatment with radiotherapy ( Table 100-5 ). The relative survival for stage I cancer overall was similar whether surgery, radiotherapy, or a combination was used. The 2-year 
survival rate was in the 90% to 92% range. Among those treated with irradiation, the 5-year survival rate was 73%. Among those treated surgically, the 5-year survival rate was 81%.

For stage II glottic cancers, 2-year survival ranged from 82% to 87% ( Table 100-5 ). For cases initially treated with surgery alone, the 5-year survival was 57%, compared with 69% of those treated with irradiation alone, and 70% of those 
treated with both surgery and irradiation. The lower survival rate identified among surgically treated stage II cancers may also reflect a selection bias. Cancers stage T2b , based on impaired vocal cord mobility, are preferentially treated 
surgically at many centers.[67] The surgery alone group may have contained a disproportionate number of T2b cases, which have a poorer prognosis than T2a glottic cancers.

Data addressing practice in the United States in the late 1990s and early in the millennium are now available from the Benchmark Reports distributed by the American College of Surgeons to certified hospitals.[72] Future analysis of this data 
will ultimately permit more specific review. At this point, analysis is available only for broad groupings that lump the supraglottic, glottic, and subglottic sites together ( Figure 100-4 ). These data identify the remarkable increase in 
utilization of chemotherapy combined with radiotherapy for advanced stage laryngeal cancer. Chemoradiation (29%) was the most common treatment of stage III laryngeal cancer and the second most common (25%) for stage IV cancer 
( Figure 100-4 ).

In contrast, chemotherapy combined with radiotherapy is not commonly used for early laryngeal cancer ( Figure 100-5 ). Radiotherapy alone is the most common initial management for laryngeal cancer in the United States. The role that 
salvage surgery played in the treatment of radiation failures is not addressed in this analysis.

Detail addressing treatment-specific survival is not included in the survival analysis from the NCDB, which is published in the sixth edition of the AJCC staging manual. However, stage- and site-specific survival statistics are available as 
they were analyzed from a data set of patients whose cancer was diagnosed between 1985 and 1991.[64] 

The analysis of observed survival ( Figure 100-6 ) employs the end point of death from any cause. Relative survival ( Figure 100-7 ) adjusts these observed
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Figure 100-4 Radiotherapy combined with chemotherapy is currently the most common initial treatment modality for stage III laryngeal squamous cell carcinoma in an analysis grouping all sites (supraglottis, glottis, and subglottis) together. 
© Commission on Cancer, American college of Surgeons. NCDB Benchmark Reports, v1.1. Chicago, IL, 2002. (The content reproduced from the applications remains the full and exclusive copyrighted property of the American college of 
Surgeons. The American College of Surgeons is not responsible for any ancillary or derivative works based on the original Text, Tables, or Figures.) 



 

Figure 100-5 Radiotherapy alone is the most common initial treatment modality for early (stage I and II) laryngeal squamous cell carcinoma in an analysis grouping all sites (supraglottis, glottis, and subglottis) together. © Commission on 
Cancer, American college of Surgeons. NCDB Benchmark Reports, v1.1. Chicago, IL, 2002. (The content reproduced from the applications remains the full and exclusive copyrighted property of the American college of Surgeons. The 
American College of Surgeons is not responsible for any ancillary or derivative works based on the original Text, Tables, or Figures.) 

 

Figure 100-6 Five-year observed survival by "combined" AJCC stage for squamous cell carcinoma of the glottis. 

 

Figure 100-7 Five-year, relative survival by "combined" AJCC stage for squamous cell carcinoma of the glottis, 1985–1991. (*Confidence intervals of 95% correspond to year 5-year survival rates.) 



 

Figure 100-8a A, Transnasal esophagoscope (TNE) (Pentax®). 

 

Figure 100-8b B, View of oropharynx and hypopharynx through TNE. C, Biopsy forceps prepared to remove posterior pharyngeal wall lesion. 

 

TABLE 100-6 -- SELECTED SURGICAL PROCEDURES FOR GLOTTIC CANCER

Procedure Indications Study

Microlaryngoscopy partial cordectomy with or without carbon dioxide laser 
(excisional biopsy)

T1 midcord leukoplakia, Tis /microinvasion Strong and Jako (1972)

  Kleinsasser (1990)

  Shapshay, Hybels, and Bohigian (1990)



Cordectomy complete with or without carbon dioxide laser (endoscopy) T1 midcord Strong (1975)

  Annyas and others (1990)

  Shapsay, Hybels, and Bohigian (1990)

  Eckel and Thumfart (1992)

Cordectomy (laryngofissure) T1 midcord DeSanto and others (1977)

  Bailey (1985)

Frontolateral partial laryngectomy T1 with extension to anterior commissure Leroux-Robert (1975)

Hemilaryngectomy and extended hemilaryngectomy T1 /T2 with extension to arytenoid, without anterior commissure fixation (minimal) Norris (1958)

  Som (1975)

  Mohr and others (1983)

Anterior partial laryngectomy with epiglottoplasty or with keel T1 /T2 with extension to anterior commissure (without arytenoid) Tucker and others (1979)

  Som and Silver (1968)

Subtotal laryngectomy with cricohyoidoepiglottopexy T1b /T2 bilateral anterior involvement, may include removal of one arytenoid Laccourreye and others (1990)

  Charlin and others (1988)
 
guidelines for selection of an approach based on the extent of a lesion are listed in Table 100-6 and depicted in Figure 100-9 . The choice of therapeutic approach for a patient requires consideration of many other variables in addition to the 
anatomic extent of the cancer. Overall cure rates and laryngeal preservation figures are high for the surgical management of early glottic squamous cell carcinoma ( Table 100-7 ).

Endoscopic Excision

The histopathologic correlate of a superficial T1 primary cancer may reveal a lesion without deep extension beyond the superficial layer of the lamina propria.[86] Endoscopic surgical excision of such a lesion may allow for resection with a 
clear margin without damaging the underlying vocal ligament or vocalis muscle ( Figure 100-9 ).[165] However, not all T1 glottic cancers are amenable to superficial conservative resection. Up to 20% of T1 cancers will show normal mobility 
despite invasion of the vocal ligament. [38] Carcinoma in situ, which by definition does not invade past the basement membrane, is most amenable to complete excision without disruption of the underlying vocal ligament.

Biopsy

In general, discrete lesions of the vocal cords are better sampled through excisional biopsy than through
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TABLE 100-7 -- RESULTS OF SURGICAL MANAGEMENT OF EARLY GLOTTIC CANCER * 

    LESIONS CONTROLLED (%) SURVIVAL (%)

Study Patients (n) Stage Type of Management Initially Ultimately After Laryngeal Preservation 2-year 5-year

Ton-Van and others[62] 170 T1a  94     

 36 T1b Cordectomy 78 98 92 87 84

 24 T2  75     

Johnson (1991) 54 T1 Hemilaryngectomy 98 98 98 98 —

 31 T2 Hemilaryngectomy 67 90 67 84 —

Laccourreye (1991) 308 T1 Cordectomy 87 — — — —

 107 T2 Vertical hemilaryngectomy 78     

Daniilidis (1991) 94 T1 Cordectomy 90 93 84 — 93

Rothfield (1991) 20 Tis -Tmi Microscopic direct laryngoscopy 95 80 95 100 100

Casiano and others[6] 37 T1 Carbon dioxide laser 62 97 91 — 97

 16 T1 †  51 100 69 — 100

Steiner (1993) 29 Tis Carbon dioxide laser  100  97  



 96 T1  98 100 99 — 87

 34 T2 ‡  100   78  

Myers (1994) 50 T1 Carbon dioxide laser 92 100 100 100  

Thomas (1994) 159 T1 Laryngofissure approach 92 100 94 91 84
*Italicized numbers are mean figures for entire patient group. 
†Radiation failure patients. 
‡T2 with mobile cords. 

 
 
 
small, piecemeal, random biopsies. The opportunity to effect a cure exists through excisional biopsy if the pathologic assessment shows carcinoma in situ or a minimally invasive cancer. Excisional biopsies also avoid any sampling error 
wherein small areas of invasive cancer may be missed within a larger field of dysplastic epithelium. Judgment should be exercised in determining the extent of dissection in performing a biopsy on patients who are candidates for irradiation. 
Smaller biopsies that are sufficient to confirm the diagnosis of invasive cancer impair the posttreatment voice to a lesser degree than larger excisions if irradiation is used as definitive treatment. It is useful to discuss the decision making with 
the patient in weighing the benefits and risks to approaching the biopsy conservatively or aggressively.

Microflap Technique

The degree of invasion may be assessed clinically at the time of biopsy by using the microflap technique. This approach stresses attention to dissection along the natural tissue plane of the superficial layer of the lamina propria, which 
separates the epithelium from the vocal ligament. Dissection in this plane creates a microflap of overlying diseased epithelium, which, once the plane is developed, can be removed without damage to the underlying vocal ligament during 
excisional biopsy. This approach may result in a defect similar to that created with traditional vocal cord stripping but is done in a more controlled manner that has less chance of injuring adjacent healthy tissue. The deep extent of the tumor 
through the superficial layer of the lamina propria can be evaluated while developing the plane between the epithelium and vocal ligament. Good exposure through an adequate-sized laryngoscope; suspension of the laryngoscope, permitting 
instrumentation with both hands; improved dissecting instruments; and use of the operating microscope to provide magnification with binocular vision facilitate the assessment of superficial lesions of the vocal cords. Removal of carcinoma 
in situ or a minimally invasive cancer on the surface of the vocal cord by this approach may be curative. It is not necessary to use a laser in resecting superficial vocal cord lesions. Although the incisions in the epithelium can be made with 
carbon dioxide lasers without a large amount of adjacent thermal damage, the extra preparation and expense needed to use the
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Figure 100-9 Diagrams of vertical partial laryngectomy. 

 

TABLE 100-8 -- EARLY MANAGEMENT RESULTS USING THE CARBON DIOXIDE LASER PUBLISHED CURE RATES FOR T1 GLOTTIC TUMORS MANAGED WITH LASER CORDECTOMY

Study Patients (n) Local Control Achieved (n) Failures (n) Laser Salvage Management (n) Total Laryngectomy (n)
X-ray Radiation 
Management (n)

Koufman (1986) •23 •22 •1 1 0 0

Wetmore and others (1986) •21 •17 •4 1 0 3

Blakeslee and others (1984) •35 •31 •4 0 2 * 2



Hirano and others (1985) ••8 ••7 •1 0 0 1

Elner and Fex (1988) •31 •25 •6 3 0 3

Annyas and others (1984) •10 ••9 •1 1 0 0

Cragle and Brandenburg[9] •14 •13 •1 0 1 0

TOTAL 142 (100%) 124 (87.3%) 18 (12.7%) 6 (4.2%) 3 (2.1%) 9 (6.3%)

From Cragle S, Brandenburg J: Laser cordectomy or radiotherapy: cure rates, communication, and cost, Otolaryngol Head Neck Surg 108:648, 1993.
*Both laryngectomies resulted in recurrent tumor and death. 

 
 
 
Tract.[150] In this work they relate that adherence to the en bloc resection principle advocated by Halstead may actually impair the capacity to obtain a tumor-free margin in the process of resection. As a result, endoscopic resection of larger 
tumors is often done with the initial laser cuts made directly through the 

 
Figure 100-10 A, Endoscopic laser resection may be encompass smaller lesions without transgressing tumor. Larger tumors are best managed with controlled resection in several pieces. B, Microscopic evaluation of the cut surface of tumor 
permits accurate removal with the plane between tumor and normal tissue clearly defined. C, Small vocal fold lesions can be resected as a single specimen with care to keep a 1- to 3-mm distance about the lesion and to mark it appropriately 
to confirm clear margins histologically (Steiner W, Ambrosch P: Endoscopic laser surgery of the upper aerodigestive tract. New York, 2000, Thieme International, pp 43 (A), 54 (B), and 56(C).) 

 

Figure 100-11 A technique of laser partial cordectomy as outlined by Shapshay and Rebeiz. 

 

Figure 100-12 Endoscopic laser resection of cancer involving the anterior commissure and subglottis requires sequential resection of tissue in several pieces. This approach permits removal of the inferior aspect of the thyroid cartilage. 
(Steiner W, Ambrosch P: Endoscopic laser surgery of the upper aerodigestive tract, New York, 2000, Thieme International, p 58). 



 

TABLE 100-9 -- ENDOSCOPIC CORDECTOMY: CLASSIFICATION BY EUROPEAN LARYNGOLOGICAL SOCIETY

Subepithelial cordectomy Type I

Subligmental cordectomy Type II

Transmuscular cordectomy Type III

Total or complete cordectomy Type IV

Extended cordectomy encompassing  

••contralateral fold Type IV a

••arytenoids Type IV b

••ventricular fold Type IV c

••subglottis Type IV d
 
 

TABLE 100-10 -- INDICATION BY STAGE FOR LASER RESECTION

T Stage Type of Cordectomy Indication

Tis Type I Depending on the extension of the involved area and the results of preoperative investigation (e.g., videostroboscopy)

 Type II  

 Type III  

T1a Type III Small (0.5–0.7 mm), superficial tumor involving the middle-third of the true vocal fold

T1a Type IV Tumor size >0.7 mm or deep infiltrative pattern and/or extension to the anterior commissure

T1b Type Va Involvement of the anterior commissure or horseshoe lesion

 Bilateral cordectomy Multifocal cancer
 
is important to preserve these structures to permit the compensatory supraglottic phonation as a useful adaptation if glottic incompetence results from glottic resection. [150] 

Open Partial Laryngectomy

Laryngofissure

The basic external (open) approach to resection of vocal cord cancer is a laryngofissure (or thyrotomy). After separation of the strap muscles in the midline, an incision is made through the cricothyroid membrane to permit inspection of the 
subglottic and undersurface of the vocal cord. As with intranasal surgery, injection of the vascular laryngeal structures with a vasoconstrictor before making incisions helps to diminish bleeding and improve exposure. Direct inspection 
through a cricothyrotomy permits placement of the tips of a hemostat between the vocal cords immediately posterior to the anterior commissure. The vocal cords are then separated by opening the hemostat. This exposure permits safe 
division of the thyroid cartilage and underlying anterior commissure without transecting the vocal cords. Wide exposure of the endolarynx results from lateral traction on each of the separated thyroid alae. In younger patients, the thyroid 



cartilage is not ossified and may be transected with a scalpel. The ossified cartilage of older patients generally requires a rotating drill or saw to cut the cartilage. This approach disrupts the
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laryngeal architecture only at the site of the anterior incisions. Laryngofissure has also been used to describe the procedure whereby the larynx is exposed by dividing the cricoid cartilage in addition to the thyroid cartilage.[25] 

Laryngofissure with Cordectomy

Laryngofissure with cordectomy refers to the use of a thyrotomy to permit excision of the vocal cord (see Figure 100-9, A ). This procedure is appropriate for T1 glottic cancers that are not amenable to resection endoscopically because of 
anatomic constraints preventing adequate laryngoscopic exposure (e.g., limited mouth opening, retrognathia, prominent dentition, or poor neck extension). The open approach via laryngofissure offers the advantage of excellent exposure, 
which permits precise tumor removal and accurate sampling of adjacent tissue for frozen section analysis. Additionally, the procedure can be extended to include resection of adjacent structures (e.g., underlying thyroid cartilage). 
Disadvantages of this approach include the usual need for a tracheotomy and potential problems with healing that may compromise the airway, voice, and swallowing. Laryngofissure with cordectomy without glottic reconstruction relies on 
secondary intention healing to create a neocord. Despite efforts to restore glottic competence through creating a neocord, efforts are commonly unsuccessful and a breathy voice commonly results.

Vertical Partial Laryngectomy

Vertical partial laryngectomy is a more extensive resection that begins with a laryngofissure. Removal of the vocal cord and a segment of the underlying thyroid cartilage is termed vertical partial laryngectomy or hemilaryngectomy. It may 
be modified in one of several ways. The ipsilateral thyroid alae and arytenoid may be removed as required for more extensive lesions (see Figure 100-9, B and C ). Alternatively, the ipsilateral arytenoid and a posterior strip of thyroid 
cartilage may be left intact. Unless tumor involves the arytenoid, this structure should be retained to diminish the risk of aspiration.

Further extension of the vertical partial laryngectomy may include resection of the anterior commissure ( Figure 100-9, D ). Excision of part of the contralateral vocal cord along with the anterior commissure may require that the 
laryngofissure be done off the midline through the thyroid alae and underlying vocal cord. Direct laryngoscopy immediately before the procedure, coupled with inspection of the under-surface of the glottis after the initial cricothyrotomy, 
helps direct the cartilage and vocal cord incisions appropriately. Resection of the anterior commissure shortens the anterior-posterior dimensions of the glottis. Placement of an umbrella keel at the time of closure may effectively lengthen the 
vocal cords to diminish the potential for glottic stenosis. The keel is generally removed 3 to 6 weeks later under a brief anesthetic.

An extended vertical partial laryngectomy may permit resection of tumors with involvement of both vocal cords, the anterior commissure, and the paraglottic space. Giovanni and others identified that this extensive resection is readily 
reconstructed with an epiglottic flap and offers an alternative to supracricoid laryngectomy ( Figures 100-13, A ). [62] Giovanni and others reported similar speech and swallowing outcomes for this type of vertical partial laryngectomy when 
compared with supracricoid laryngectomy. These investigators also identified similar local control rates for T1 and T2 disease in comparing these two procedures.

Supracricoid Laryngectomy

Supracricoid partial laryngectomy (SPL) involves removal of both membranous vocal folds and the contents of the adjacent paraglottic spaces in continuity with the entire thyroid cartilage. The resection also includes the base of the epiglottis 
and can be extended to remove one (but not both) arytenoids, as well as the false cords, the entire epiglottis, and the pre-epiglottic space. This procedure is based on the novel concept that the extent of tumor does not impact on the amount of 
thyroid cartilage removed. In all cases the entire thyroid cartilage is removed both for oncologic reasons and, more consistently, for reconstructive purposes in order to remove tissue intervening between the cricoid cartilage and hyoid bone.[92] 
Resection of the entire thyroid cartilage permits reconstruction of a functional larynx by approximating the cricoid cartilage to the hyoid bone with stout sutures to adhere these structures together. A detailed description of the technique is 
available in the book Organ Preservation Surgery for Laryngeal Cancer by Weinstein and others, which includes videos of the technique on four separate CD-ROMs.[175] Modifications of this approach have been described. Adamopoulos and 
others report that preservation of the posterior segment of the vocal cord on the less involved side is useful in selected cases where surgical margins are not compromised.[1] These investigators identify that their preliminary data support this 
technique to improve voice quality and decrease swallowing impairment by preserving a larger portion of the valvular structure of the larynx.

The nomenclature most commonly employed to discriminate between the types of supracricoid laryngectomy focuses on the reconstruction. When the epiglottis above the petiole is preserved, the reconstruction is termed a 
cricohyoidoepiglottopexy
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Figure 100-13 A, Extended vertical partial laryngectomy. B, Reconstruction with epiglottic flap after extended vertical partial laryngectomy. As described in Giovanni A, Guelfucci B, Gras R and others: Partial frontolateral laryngectomy 
with epiglottic reconstruction for management of early-stage glottic carcinoma, Laryngoscope 111:663–668, 2001. 



 

Figure 100-14 A, Lateral view of defect remaining after supracricoid laryngectomy with suture placement for cricohyoidoepiglottopexy. B, Lateral view of defect remaining after supracricoid laryngectomy with suture placement for 
cricohyoidopexy. From Weinstein GS, Laccourreye O, Brasnu D and others, editors: Organ preservation surgery for laryngeal cancer, San Diego, 2000, Singular Thomson Learning, pp 84, 134.] 



 

Figure 100-15a A, Cadaver demonstrations of resected specimen that includes to lower aspect of the epiglottis and preepiglottic space. Preservation of the upper two-thirds of the epiglottis permits reconstruction with CHEP. 

 

Figure 100-15b B, Resected specimen via supracricoid laryngectomy reconstructed with CHP. Resection of a recurrent (after irradiation) anterior commissure cancer with extension superiorly into the preepiglottic space was successfully 
reconstructed with CHP. 

 

Figure 100-16a Intraoperative photographs of a supracricoid laryngectomy in progress for a supraglottic cancer extending to the anterior commissure. An endoscopic laser approach with debulking (note the epiglottis is gone) was converted 
to an open procedure to permit adequate removal. 



 

Figure 100-16b 



 

Figure 100-16c 

 

Figure 100-17a Cadaver demonstration of the cricohyoidopexy secured with three 0-vicryl sutures and final closure of strap muscles after CHP. (Thanks to L. Ollivier Laccourreye for preparation and performance of the cadaver prosection.) 

 

Figure 100-17b 



 

Figure 100-18 Diagram demonstrating removal of a horizontal strip of thyroid cartilage permitting imbrication of the ipsilateral false cord to the glottic level to restore glottic competence. 

 

Figure 100-19a Reconstruction of hemilaryngectomy defect using temporoparietal flap, buccal mucosa, and cartilage strut. Procedure developed by Ralph Gilber, M.D. (personal communication). A, Appearance of T1 SCCA of left true 
vocal cord. B, Exposure of larynx. C, Resected specimen. D, Hemilaryngectomy defect. E, Elevated temporoparietal flap. F, Buccal mucosal graft sutured to distal flap. G, Initial flap inset. H, Cartilage strut at vocal cord level. 



 

Figure 100-19b I, Placement of Montgomery stent. J, Temporoparietal flap brought out laterally under strap muscles. K, Closure over Penrose drain. L, Montgomery stent removed 10 to 12 days postoperatively. M, Appearance of larynx at 
3 months. N, Appearance of larynx at 1 year. 

 

Figure 100-20 A, Diagram identifying source of implant on upper border of thyroid cartilage. B, With a pocket created in the paraglottic space lateral to the neo-cord. C, With resultant medialization of reconstructed vocal cord. From Sittel 
C, Friedrich G, Zorowka P: Surgical voice rehabilitation after laser surgery for glottic carcinoma, Ann Otol Rhinol Laryngol 111:494, 2002. 



 

Figure 100-21 A, Limited scarring of the glottis will permit restoration of glottic competence in selected cases by standard thyroplasty technique. B, Scarring and deficiency in tissue may prevent true glottic phonation despite efforts such as 
this anterior commissure laryngoplasty. need permission. From Zeitels SM, Jarboe J, Franco RA: Phonosurgical reconstruction of early glottic cancer, Laryngoscope 111:1863, 2001. 

 

Figure 100-22 Complex procedures have been devised to improve posterior glottic closure. From Amin MR, Koufman JA: Hemicricoidectomy for voice rehabilitation following hemilaryngectomy with ipsilateral arytenoid removal, Ann Otol 
Rhinol Laryngol 110:514–515, 2001. 

 

Figure 100-23 Preliminary reports employing a combination of cricoid collapse with introduction of strap musculature temporarily obturated by a modified Montgomery stent has been used successfully in a limited number of patients. (From 
Amin MR, Koufman JA: Hemicricoidectomy for voice rehabilitation following hemilaryngectomy with ipsilateral arytenoid removal, Ann Otol Rhinol Laryngol 110:515, 2001.) 



 

TABLE 100-11 -- RESULTS OF RADIOTHERAPY FOR EARLY GLOTTIC CANCER * 

    LESIONS CONTROLLED (%) SURVIVAL (%)

Study Patients (n) Stage Dose Mean (Range) Initially Ultimately After Laryngeal Preservation 2-year 5-year

Howell-Burke (1990) 114 T2 70 Gy † 68 96 74 — 92 ‡ 

   (65–78 Gy)     70

Kersh (1990) 95 T1 60 Gy 94 100 91 100 —

 53 T2  76 86  86  

Johansen (1990) 295 T1a — 81 94 — — 94

 63 T1b     —  

Ton-Van and others[62] 68 T1a 60 Gy 70 94 79 — 67

 39 T1b (50–65 Gy)      

 19 T2       

Pellitteri (1991) 113 T1 60 Gy 93 98 95 — 87

 48 T2 64–70 Gy 78 92 79  79

Terhaard (1991) 194 T1 66 Gy 91 97 92 97 —

   (58–68 Gy)      

Small and others[57] 103 T1 64 Gy 89 97 89 — 97

   (54–70 Gy)      

Rudoltz, Benammar, and Mohiuddin[45] 91 T1 64 Gy 80 95 84 — 92

   (59–70 Gy)      

Fein (1993) 19 Tis 56 Gy § 93 100 93 100 —

   (56–60 Gy)      

Smitt and Goffinet[58] 29 Tis 62 Gy 92 96 96 — 82

   (53–66.5 Gy)      
*Italicized numbers are mean figures for entire patient group. 
†Ten patients managed twice daily with 1.2 Gy. 
‡Disease specific. 
§Median dose. 

 
 
 
Radiotherapy

Radiotherapy is considered effective treatment for early glottic cancer ( Table 100-11 ). Broad comparisons between outcomes after initial treatment with either irradiation or surgery are often made without addressing the differences in the 
various approaches to the administration of radiotherapy or different techniques in performing the surgery. [18] Variables in the application of radiotherapy that affect tumor control include fraction size, total dose of radiation delivered, 
treatment duration, field size, energy of the x-rays, and method of delivery.[85] [127] [143] [152] Rudoltz, Benammar, and Mohiuddin[127] identified duration of treatment as a significant variable in predicting local control and survival in the management 
of early glottic cancer. Patients completing treatment within 46 days had better local control than those treated over a longer period ( Figure 100-24 ). Treatment applied through fractions of at least 200 cGy for the standard once-a-day, 5-day-
a-week dosing also improved control rates relative to treatment with less than 200 cGy per day.[85] [107] Ricciardelli and others[123] also supported
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Figure 100-24 T1 glottic carcinoma of the larynx: local control vs radiotherapy elapsed time. Local control is a function of elapsed days for patients managed with radiotherapy for T1 squamous cell carcinoma of the glottis. (From Rufdoltz 
MS, Benammar A, Mohiuddin M: J Radiat Oncol Biol Phys 26:768, 1993.) 

 

TABLE 100-12 -- RECURRENCE RATES OF EARLY STAGE LARYNGEAL CANCER FOLLOWING INITIAL TREATMENT WITH IRRADIATION * 

Study T1 Recurrence T2 Recurrence

 (%) (%)

Jose and others, J Surg Oncol, 1984 T1,18 T2 , 18

(summarized 8 reports before 1984) T1 , 15 T2 , 31

Fisher and others, Arch laryngol Head Neck Surg, 1986 T1 , 8 T2 , 36

Strauss, Laryngoscope, 1988 T1 , 11 T2 , 23

Maipang and others, J Surg Oncol, 1989 T1 , 20 T2 , 36

Foote and others, Mayo Clin Proc, 1992 T1,16 T2 , 16

Suzuki and others, Acta Otolaryngol, 1994 T1 , 7 T2 , 82

Parsons and others, Int J Radiat Oncol Biol Phys, 1995 T1 , 4 T2 , 15

McLaughlin and others, Head Neck, 1996 T1 , 6 T2 , 16

Nibu and others, Head Neck, 1997 — T2 , 11–73
*T1 approximately 10%; T2 approximately 30%. 

 
 
 
factors: the intensity of follow-up (designed to identify persistent tumor at an early stage), the desires of the patient, the presence of comorbidity, and the management philosophy of the treating physicians. Differing philosophies likely 
contribute to the variable success reported with salvage partial laryngectomy.

Toma and others[159] expanded on their initial criteria to permit partial laryngectomy salvage of early glottic irradiation failures unless the tumor invaded: 

1.  The arytenoid cartilage (except the vocal process).
2.  Beyond the anterior half of the contralateral vocal cord.
3.  Subglottically more than 10 mm in the anterior half or 5 mm in the posterior half of the larynx.
4.  Into the thyroid or cricoid cartilage.

Application of these criteria to 19 recurrent T1 and T2 glottic cancers treated with primary radiotherapy at their institution between 1989 and 1998 yielded three failures (recurrences), which were each successfully salvaged with total 
laryngectomy. These criteria may be considered as general guidelines but should not be applied to all cases for several reasons. Consideration as to anatomic differences in laryngeal size should allow a more subjective assessment of 
resectability than afforded by the absolute measurement of 10 mm of anterior subglottic extension as a contraindication. A large male larynx will differ from a small female larynx in applying these criteria.

Additionally, Toma and others did not address the role that supracricoid laryngectomy may play in salvaging irradiation failures. Laccourreye and others reported successful use of supracricoid laryngectomy as a salvage procedure with a 
laryngeal preservation rate among 12 patients who had failed radiotherapy.[96] The major contraindications they pointed to in use of supracricoid laryngectomy were fixation of the ipsilateral arytenoid cartilage, cricoid cartilage invasion, 
extralaryngeal spread of tumor, and infraglottic spread to the cricoid cartilage.



Successful salvage with voice preservation using partial laryngectomy has been reported to range from 11% to 85%.[89] [105] It remains unclear as to whether the successful use of surgical salvage after failure of irradiation provides an overall 
laryngeal preservation rate comparable with that when the primary treatment is with conservation laryngeal surgery.

Photodynamic Therapy

Preferential uptake of photochemicals by malignant cells has been successfully exploited to treat superficial cancers of the larynx. Photofrin (dihematoporphyrin ether or DHE) is the most extensively studied
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photosensitizer and is postulated to exert its tumoricidal effect after intravenous administration by two modes: 

1.  Light activation of the photo concentrated DHE in malignant tissue to produce singlet oxygen resulting in mitochondrial insult and apoptosis.
2.  Vascular endothelial damage with erythrocyte leakage and ischemic tumor necrosis.[129] Photophrin-mediated photodynamic therapy (PDT) has been given U.S. Food and Drug Administration approval for the treatment of obstructing 

esophageal and endobronchial tumors, as well as for the treatment of minimally invasive endobronchial non-small cell carcinoma. This promising treatment modality currently has been promoted most vigorously for use in the treatment 
of superficial laryngeal cancers that are recurrent after irradiation, with expanded applications anticipated with improved technology.[19] [129] Broad acceptance of PDT in the treatment of glottic cancer has not occurred at many centers 
because of the success of other conventional therapies, the difficulties in introducing new technology with new equipment, and the side effects of treatment with PDT, which include generalized skin photosensitization.

Chemotherapy

Because early glottic cancers are highly curable with conventional surgery or radiotherapy, the addition of chemotherapy to most treatment algorithms has not been strongly supported. In addition, past dogma has dictated that invasive 
squamous cell carcinoma of the upper aerodigestive tract is not curable with chemotherapy alone.[95] Laccourreye and others reported that some of the patients with early glottic squamous carcinoma that they treated with an induction 
chemotherapy regimen (platinum based) had a complete response clinically and chose to forgo the further treatment that was suggested.[94] Although local recurrence was noted in almost one-third of these patients, none of the patients who 
had local recurrence ultimately died from their disease or lost their larynx. This finding has prompted further interest in the use of chemotherapy for early laryngeal cancer to the point that prospective trials evaluating this modality are now 
underway.

CHOSING A TREATMENT MODALITY

Carcinoma in situ

Close interaction between the clinician and pathologist are needed to manage optimally carcinoma in situ (Tis N0 M0 ). Depending on the bias among several pathologists evaluating a biopsy, the same lesion may be reported as grade III 
intraepithelial neoplasia, high-grade dysplasia, or Tis N0 M0 .[57] Despite the often stated pathologic principle that high-grade dysplasia and Tis N0 M0 are equivalent terms in describing abnormal squamous epithelium, the clinical management is 
generally less aggressive for high-grade dysplasia than for Tis N0 M0 . Whereas radiotherapy has commonly been supported as a reasonable treatment alternative for Tis N0 M0 , it is not recommended in the management of high-grade dysplasia.

Difficulty in discriminating between reactive processes and carcinoma in situ is underscored by a study evaluating imprecision in histopathologic diagnoses. Westra, Kronz, and Eisele reported three cases of laryngeal Tis N0 M0 submitted 
from outside hospitals that were, on review with a second opinion at their hospital, considered to be reactive atypia.[177] 

Controversy persists regarding the role for radiotherapy in the management of Tis N0 M0 . A common management approach has been to address laryngeal Tis N0 M0 surgically when conservative endoscopic removal is possible.[131] Persistence 
after multiple resections or the presence of extensive involvement of multiple sites have been used as indications for irradiating Tis N0 M0 . [147] Factors such as the anticipated need for multiple endoscopic resections, cost of treatment, voice 
considerations, reliability of the patient for follow-up, patient's age, and presence of comorbidities are all factors that may influence initial definitive treatment with irradiation.[59] 

Issues regarding the appropriate management of Tis N0 M0 are unresolved. Local excision and radiotherapy are effective management options. [112] Either approach requires close follow-up.

Invasive Squamous Cell Carcinoma

Selection of an appropriate treatment modality for early glottic cancers (T1 N0 M0 , T2 N0 M0 ) is made difficult by the many opinions that support conflicting approaches. The simplest conceptual approach is offered by Hinerman and others 
who identified that, in the past at the University of Florida, "Radiation therapy has been the treatment of choice for all previously untreated T1 and T2 vocal cord cancers."[68] These investigators later amended this practice to prefer transoral 
laser excision over radiotherapy for the small subset of patients with limited T1 mid-third vocal cord lesions for whom surgical excision is expected to preserve voice quality.

Although the NCDB survey of laryngeal cancer indicates that in the United States radiotherapy is used most commonly in the management of T1 and T2 cancers, there are well-considered arguments for a more liberal use of surgery as the 
initial management.[71] 
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Morris, Canonico, and Blank,[110] through an intensive literature review, identified an overall 8.6% failure rate at the primary site for T1 glottic cancers managed surgically (cordectomy) compared with a 16.7% failure rate among similarly 
staged cancers managed with radiotherapy.[37] Stronger support comes for use of surgery as the primary treatment for T2 glottic cancers. In 1990 Howell-Burke and others reported from MD Anderson that, among patients treated with primary 
irradiation for T2 glottic cancers, only 74% maintained a functional larynx.[75] Some investigators contend that T2 glottic cancers initially treated with irradiation have a higher risk that laryngeal function will be lost than when conservation 
surgery is the initial treatment.[173] 



Further support for this concept comes from review of published recurrence rates following initial treatment of early stage laryngeal cancer (see Table 100-12 and Table 100-13 ). A review of these same rates (supplemented by a series of 
rates from 2000) identifies that the great majority of early laryngeal cancers that recur are ultimately treated with total laryngectomy. A problem leading to this need for total laryngectomy may be identified as difficulty in surveillance 
permitting early detection. Suzuki and others reported in 1994 that 60% of patients initially identified with an early laryngeal cancer are identified with an increased stage at the time of recurrence.[155] 

Barthel and Esclamado reviewed management of 45 patients with early glottic cancer who were treated with primary irradiation at the Cleveland Clinic between 1986 and 1994.[13] These investigators reported that their local control rates of 
87.5% for T1 and 75% for T2 lesions were consistent with prior published series. Among the nine recurrences that developed, six had tumors that were (retrospectively) considered to be amenable to treatment with a partial laryngectomy. 
Among  

TABLE 100-13 -- PERCENTAGE OF T1 /T2 LARYNGEAL CANCERS WITH RECURRENCE REQUIRING TOTAL LARYNGECTOMY

Study Recurrence (%)

Jose and others, J Surg Oncol, 1984 95

Fisher and others, Arch Otolaryngol Head Neck Surg, 1986 100

Maipang and others, J Surg Oncol, 1989 100

Nichols and others, Ann Otol, 1991 >30

Suzuki and others, Acta Otolaryngol, 1994 91

Parsons and others, Int J Radiat Oncol Biol Phys, 1995 >40

McLaughlin and others, Head Neck, 1996 83

Stoeckli and others, Arch Otolaryngol Head Neck Surg, 2000 92
 
these six cases (all treated with irradiation), only one was successfully salvaged with conservation laryngeal surgery. These investigators concluded that patients with T2 glottic tumors may be better treated primarily with surgery because T2 
glottic cancers have a high recurrence rate after irradiation and surgical salvage with less than a total laryngectomy was unlikely to be successful.

Valuable insight is provided by a report by Jorgenson and others that addresses 1005 Danish patients treated at a single referral center between 1965 and 1998.[80] The philosophy of treating all but those who had previous treatment with 
irradiation resulted in remarkably little selection bias regarding treatment choice, with 99% of patients receiving initial management with radiotherapy. Jorgenson and others identify that the presence of a stable patient base within a 
cachement area of 1.33 million people, coupled with excellent follow-up (only three patients were lost to follow-up), lend further credibility to this study. Among 312 T1 glottic cancers treated with irradiation, 5-year locoregional control was 
88%, which, coupled with surgical salvage, resulted in a 99% 5-year disease-specific survival. Among 233 T2 glottic cancers treated with irradiation, 5-year locoregional control was 67.4%, which, when coupled with surgical salvage, 
resulted in an 88.4% 5-year disease-specific survival. These investigators identify that this high recurrence rate (one out of three) for T2 glottic cancers resulted in an overall laryngeal preservation of 80%, which is substantially lower than the 
95% organ preservation reported by Chevalier and others when supracricoid laryngectomy was used as the initial treatment.[28] Based on these data, Jorgensen and others raised the logical question: Why not introduce supracricoid partial 
laryngectomy as primary standard treatment of T2 glottic cancer? Jorgenson and others argued that part of the excellent results reported by Chevalier and others reflected a selection bias that favoring surgical results by reserving supracricoid 
laryngectomy for the more favorable cases. Jorgensen and others additionally pointed out that the voice quality is better after irradiation than after supracricoid laryngectomy. For these reasons, they have not altered their standard approach to 
managing T2 glottic cancers with irradiation. They also observed that improved radiotherapy techniques, as well as the capacity to salvage irradiation failures with supracricoid laryngectomy, will likely decrease the ultimate need for total 
laryngectomy further.[96] 

The preceding studies have focused on AJCC (or the International Union Against Cancer) TNM classification as the factor determining treatment. Others have identified specific features of early glottic cancers separate from this 
classification system that may be helpful in assessing the likelihood of cure with
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radiotherapy.[54] It is useful to individually evaluate these characteristics that are either not included in the TNM staging (anterior commissure extension and large tumor bulk) or are used to discriminate T2 from T1 lesions (impaired vocal cord 
mobility and subglottic extension). Many investigators support surgery as the preferred initial treatment for patients who have such characteristics.[31] 

The anterior commissure has been, in a contradictory fashion, either considered as a barrier to tumor spread or as an early pathway for cancer extension into the laryngeal framework.[87] Shvero and others[139] related that surgical treatment is 
preferred for cancers arising in this region because of a higher local recurrence rate after radiotherapy with an increased risk for distant metastasis. They contend that the behavior of small cancers in this location is much different from that of 
other early glottic cancers.[140] Other investigators have attributed the higher rates of failure after radiotherapy for anterior commissure lesions to problems with adequate dosing.[90] [184] The distance from the anterior commissure to the skin varies 
greatly among patients. This variability and the thick overlying thyroid cartilage have been cited as impediments to consistent dosing of radiation to this region.

Insight into poor outcomes after irradiation of cancer affecting the anterior commissure is offered through a retrospective review by Maheshwar and Gaffney of 53 patients with T1 glottic cancer treated between 1989 and 1996 with a 
minimum dose of 63 Gy in 30 fractions during 6 weeks with parallel opposed fields.[102] These investigators reported an overall 20.8% locoregional recurrence rate. The recurrence rate (57.1%) with anterior commissure involvement was much 
higher than the recurrence rate (15.8%) when the anterior vocal cord was involved but did not include the anterior commissure. They hypothesized that a lack of pretreatment CT imaging may have contributed to their poor results. Without 
this advanced imaging, they may have under staged the group of anterior commissure cancers, which have a high chance of cartilage involvement and hidden tumor bulk. Although some investigators relate that modern radiotherapy 
techniques with improved dosimetry have adequately addressed these concerns, Maheshwar and Gaffney [102] report in their study that they had addressed the potential to under dose the anterior commissure by adding wax bolus to the region 
during treatment.

T2b cancers and those with subglottic extension generally have a larger tumor volume that may contribute to the lower cure rates with radiotherapy. [164] [178] Many contend that surgery as a single modality is more effective than radiotherapy for 



managing these larger "early" glottic lesions. Questions persist about the capacity of a management plan that uses definitive radiotherapy coupled with salvage by partial laryngectomy to provide equivalent rates of laryngeal preservation.[38] 

A systematic review of the world's literature (including the Cochrane Controlled Trials Register, as well as MEDLINE, EMBASE, CINAHL, and Cancer Lit, up to October 2000) identified three randomized clinical trials (RCTs) comparing 
treatment of patients with stages I and II glottic cancer with either irradiation or surgery. [40] One trial was excluded because of insufficient numbers of patients[99] and another because of the combination of suboptimal radiotherapy dosimetry, 
small numbers of patients with glottic cancer, and improper randomization.[69] 

The most relevant RCT was an Eastern European multicenter trial to which 234 patients with early laryngeal cancer were randomly assigned, starting in 1979. They were treated with open surgery, radiotherapy, or a combination of 
radiotherapy and chemotherapy (prospodine) after stratification by anatomical site (glottis or supraglottis) and by tumor stage (T1 or T2 ).[113] The published results (which did not report the number of events or patients at risk in each treatment 
arm) identified 5-year survival rates of 100% after surgery and 91.7% after radiotherapy for T1 tumors. For T2 tumors the 5-year survival rates were 97.4% after surgery and 88.8% after radiotherapy. Although these higher survival rates for 
patients receiving surgery were not statistically significant, the 5-year disease-free survival rates of 78.7% for surgery and 60.1% for radiotherapy were significant (P = .036). In subsequent review, Dey and others[40] questioned the validity of 
these results because they believed the patients in the study were inadequately staged before being randomly assigned, that the radiotherapy may have been suboptimal, and that the follow-up was poor. Dey and others concluded from their 
systematic review that uncertainty remains as to the comparative benefits and societal costs of these different treatment modalities.

A large survey employing Canadian and American data sets to assess outcome as a function of differing management philosophies acknowledged that "current practice is based on reports from individual institutions recommending differing 
treatment policies."[65] These investigators opine that a clear advantage to one approach will be difficult to identify because randomized trials comparing surgical and non-surgical treatment of glottic cancer will never be conducted because of 
entrenched beliefs. Although it is clear from the review by Dey and others that RCTs have been done addressing early laryngeal cancer, none has yet compared the effectiveness of endolaryngeal resection with either radiotherapy or open 
surgery.[40] We hope the completion of an ongoing randomized
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prospective multicenter study directed by William Coman of Brisbane, Australia, will provide useful data to permit analysis of the comparative value of these two treatment modalities.[32] Coman's study randomly assigns patients with early 
glottic cancer to treatment with either radiotherapy or endoscopic laser resection and evaluates multiple endpoints but directs its most detailed analysis to voice and quality-of-life outcomes. At the time of this writing, another large study 
addressing endoscopic laser resection of upper aerodigestive tract cancer by a multicenter coalition in the United States is nearing completion and is also prospective, but without an arm randomized to non-surgical treatment.[116] It is our hope 
that studies such as these will offer insight to reduce the unknowns that now dominate the counseling and decision making regarding management of early glottic cancer

SUMMARY

Selection of a treatment modality for early glottic cancers may be simplified by acknowledging that treatment initiated with radiotherapy and careful follow-up employing surgical salvage likely offers a similar chance for a cure as treatment 
with surgery as the initial approach. The major shortcomings of treatment with radiotherapy include the need for prolonged treatment and the higher risk of requiring a second treatment modality (salvage surgery). Evidence from 
retrospective studies with unknown selection bias identifies that overall laryngeal preservation for early glottic cancers with anterior commissure involvement, large tumor bulk, or the features defining classification as T2 (transglottic spread 
or impaired vocal fold mobility) is better with initial surgical treatment rather than with irradiation. The major shortcomings of surgery include exposure to a general anesthetic and the high probability of developing a breathy voice. Potential 
swallowing impairment, as well as other comorbidities, should be considered when recommending an approach. The patient should be an active and informed participant in the decision-making process. Close follow-up is an important 
component to any management plan.
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Chapter 101 - TRANSORAL LASER MICRO RESECTION OF ADVANCED LARYNGEAL TUMORS

Bruce W. Pearson 
John R. Salassa 
Michael L. Hinnir 

TERMS AND DEFINITIONS

Transoral laser microsurgery (TLM) is a surgical treatment strategy for primary cancers of the mouth, pharynx, and larynx. The instrument of excision is a carbon dioxide (CO2 ) laser beam. An operating microscope imparts the perspective. 
The natural passage-ways of the upper aerodigestive system provide the access.

Two features distinguish TLM from open surgery. (1) Healing is allowed to occur by secondary intention. (2) The tumor block can be subdivided into manageable units by the laser (in situ).

TLM is clearly a conservation strategy, but it is not a reconstructive one. "Piecemeal" removal is a distinguishing feature of TLM—and a key source of controversy. Tumor transection endows important diagnostic dimensions to TLM. 
Magnification exploits the difference in visual appearance between normal tissue and cancer.

Safe TLM requires two conditions: (1) Adequate exposure through the mouth; (2) a tangible specimen.

TLM is an excision, not a vaporization. A specimen is the basis of meaningful frozen section margins. Individual specimens may be small. But in aggregate, the resected tissue volume parallels that of an open operation.

TLM is a misleading name. Transoral laser micro-surgery is not totally transoral. Open surgery is still required for nodes in the neck. TLM is not entirely laser either. It depends on endoscopic cautery, vascular clipping, and occasionally 



blunt and sharp dissection. Finally, TLM is not exclusively surgical. Radiotherapy may be offered (for neck indications, but never to finesse margins).

TLM aims to improve cure and function through patient selection and technical excellence. The goal is the cure rate of open surgery and the functional promise of a tissue-conserving treatment like radiotherapy, all of this with less 
morbidity, at lower cost.

Advanced (as in "advanced laryngeal tumors") is a confusing term. In the context of laser surgery, it once meant any tumor larger than T1a glottic. In traditional discussions, it used to mean cancer with a fixed cord. The staging system 
suggests a different connotation—positive neck nodes. What is clear is that laryngeal cancer is not one disease. It is many different diseases. And unless we digress and clarify the descriptors of the different laryngeal cancers, all discussions 
of treatment are ambiguous. The answer to the question "Does an advanced case qualify for TLM?" is "It depends. What do you mean by advanced?" Let's look at the classifications.

Is it cancer? Laser surgery manages everything along the histologic spectrum, but this chapter only relates to the worst actor, invasive squamous cell carcinoma. The Ljubljana taxonomy[16] is probably the closest thing we have to an 
internationally accepted classification of epithelial hyperplastic laryngeal lesions (EHLL). For the most benign, "simple hyperplasia," acanthosis predominates. "Abnormal hyperplasia" is next, and basal proliferation is the hallmark. 
"Atypical hyperplasia" features dysplasia and atypia. Fourth is carcinoma in situ (CIS), cytologic neoplasia on an intact basement membrane. All these can be laser resected but TLM is a higher strategy, for a higher challenge, group five, 
neoplasia with subepithelial penetration (i.e., invasive squamous cell cancer).

Is it TLM? An excellent classification for laser cordectomies has been developed by the European Laryngological Society.[54] It names five types: subepithelial, subligamental, transmuscular, total, and extended cordectomy. The first three are 
elegant one-piece excisional biopsies, and a laser may be used on
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them. TLM (and the strategy of depth determination) comes into play for the last two.

What site? Before "multidisciplinary" committees imposed a theoretic anatomical classification (glottic, supraglottic, and subglottic) on laryngeal cancer, surgeons included clinical behavior in the sorting system. For 50 years, laryngeal 
cancer was "intrinsic" or "extrinsic."[25] Intrinsic was "interior region" cancer, primarily glottic in origin, slow growing, and nodes were late. TLM treats most of these, but not all. Extrinsic cancer was more supraglottic and more malignant. 
Originating around the laryngeal opening or its pharyngeal surface, extrinsic cancer was more lethal, more metastatic. TLM treats the local disease, but not the metastases.

Now the fashionable categories are glottic, supraglottic, subglottic, and in some quarters, "transglottic" (spanning the ventricle). However, in the anterior larynx, glottic and subglottic act as one).[56] Subglottic cancer often turns out to be 
glottic, with descent. The height of the glottis is argued (5 mm high, 10 mm high), or excluded posteriorly (sparing the posterior commissure). None of the sites is off limits to TLM.

In discussing local extent, clinicians often reduce their spoken references to "early" and "advanced" laryngeal cancer, the traditional dividing line being vocal cord motion. By this denomination, TLM is primarily an "early" cancer treatment, 
exceptional in the "advanced" group.

The tumor, node, metastasis (TNM) staging system[4] uses TX , Tis , T1 (a and b in the glottis), T2 , T3 , T4a , and T4b to define a local tumor, expanding 3 regions to 18 "extents." And this is just for the local disease (T). Nodes multiply the 
possibilities by 7. Metastases multiply the possibilities by 3, for more than 300 possibilities. Some are suitable for TLM. Some are not. No one knows where we should place the dividing line, or where "advanced" should start (or end). The 
staging system does encourage a summary format, Stage 1, Stage 2, Stage 3, and Stage 4. But the neck dominates this classification. If the neck is positive, everything is Stage 3 or 4 (advanced), even if the primary is miniscule.

None of the "approved" classifications for laryngeal cancer links stage to therapy. The TNM staging system has, for example, nothing to say about treatment. Staging leaves out all the patient factors (e.g., age, life expectancy, previous 
treatment, habits, expectations, work, literacy, medical illness, religious beliefs, distance from the treatment facility, etc.). The TNM staging system leaves out the history entirely (e.g., duration, otalgia, odynophagia, hemoptysis, exercise 
intolerance, etc.). It discards much of the physical exam (e.g., exophytic vs endophytic, keratinized vs ulcerated, stridor, obesity, cachexia, etc.). The labs are ignored (e.g., hemoglobin, creatinine, blood sugar, liver function tests, human 
immunodeficiency virus antibodies, bleeding time). No account is taken of the imaging—magnetic resonance imaging (MRI), computed tomography (CT), positron emission tomography (PET) or the special tests (forced expiratory volume, 
electrocardiogram, cardiac ejection fraction). Staging was developed to facilitate comparisons of outcomes between different treatment centers and different treatment regimens. It is a standardized way to reduce the chance that reported 
differences do not arise from innate differences in tumor prognosis. Staging was never a prescription for therapy.

This leaves the doctor with the problem of how to interpret the term advanced in the context of TLM. It makes little sense to link advanced to a higher TNM stage (3 or 4) if patients with T1 and T2 local cancers will be included. (All that is 
required to make a T2 cancer "Stage 3" is for someone to feel a node in the neck). For example, the 2002 American Joint Committee on Cancer (AJCC) TNM staging of larynx cancer states that Stage III includes T1 , T2 , or T3 N1 (or T3 N0 ), 
where N1 is a single node smaller than 3 cm. The AJCC also lists Stage IVA to include T1 , T2 , T3 , or T4a N2 (or T4a N1 or N2 ), where N2a is a node between 3 and 6 cm in size, on the same side; N2b is multiple nodes smaller than 6cm, on the 
same side; and N2c is bilateral or contralateral nodes smaller than 6 cm in size.

This chapter is primarily about the treatment of the local disease (by TLM). Therefore, we need to classify local disease and to help distinguish those for whom TLM is an option and those for whom it is not.

FIVE TYPES OF LOCAL LARYNGEAL CANCER

From the surgeon's standpoint, local laryngeal cancer comes in five different "flavors," each one more damaging (to function) to cure. Severity relates to what stock local excision would be required for complete removal. What would that 
impose on the patient, in terms of voice, swallow, and nasal breathing? This does not indicate the treatment is surgery. It just ensures that the appropriate local option for surgery is identified, especially to the patient, when the selection 
amongst various modalities is made. Each flavor can thus be defined by one of five classic excisions. These ascend in severity from laryngoscopic biopsy to total laryngectomy. Each excision removes a customary block, from one nodule to 
the whole larynx and its coverings. Each has a formal technique. For each we have a published record of local control rates from 98% to 80%. The expected functional outcome ranges from normal voice, swallow, and breathing down to 
tracheoesophageal puncture (TEP) voice and stomal
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breathing. Each of these five categories can be named as follows: very early, early, intermediate, advanced, and very advanced. 

1.  Very Early 
Exophytic mid cordal T1a carcinoma. Encompassed by transoral excisional biopsy removal. Includes one-piece subepithelial cordectomy (stripping), subligamental [54] partial cordectomy, and mid-cordal transmuscular cordectomy

2.  Early 
Two subtypes, glottic and supraglottic.

a.  Early Glottic 
T1a , T1b , and T2a true cord carcinoma whose formal external excision would be a vertical partial laryngectomy,[35] [66] or hemilaryngectomy.[5] [67] The European Laryngological Society's total cordectomy and extended cordectomy[54] 
concepts probably fit here.

b.  Early Supraglottic 
T1 supraglottic carcinoma fitting within a supraglottic laryngectomy block.[1] [6] [41] 

3.  Intermediate 
Intermediate is laryngeal cancer that fits within a supracricoid partial laryngectomy block.[26] [52] Thus, T2 glottic carcinoma (T2 by spread to the supraglottis), T3 glottic (T3 by thyroid cartilage erosion from the anterior commissure—
mobility is preserved), T2 supraglottic (T2 by descent to involve the vocal cords), or T3 supraglottic cancer (if T3 by involvement of the preepiglottic space PES).[13] [29] [88] 

4.  Advanced 
T3 glottic carcinoma (T3 by unilateral cord fixation and invasion of the paraglottic space or the thyroid ala) is the prototype, because it is lateralized and fits within a near-total laryngectomy.[51] Lateralized invasive T2b glottic carcinoma 
qualifies if the T2b is by impaired mobility of one vocal cord. Also, advanced glottic carcinoma includes T2 supraglottic carcinoma, where T2 means involvement of the vallecula or the medial pyriform wall, and T3 supraglottic carcinoma, 
where T3 means unilateral cord fixation with invasion of the paraglottic space or the thyroid ala.

5.  Very Advanced 
Bilateral anterior T3 glottic carcinoma invading both ventricles, bilateral posterior T3 supraglottic cancer invading the postcricoid region, or T4a glottic or supraglottic carcinoma, which means the cancer has invaded into adjacent 
structures outside the larynx—the strap muscles, the thyroid gland, the tongue beyond the immediate base, the trachea, or the esophagus. The minimum excision these cancers would require is at least a wide field total laryngectomy (T4b 
is incurable by surgery). T4b means gross distant extension. But this is virtually unheard of in cancers with no prior treatment. Examples include direct extension into the prevertebral space or the mediastinal structures or encasing the 
carotid.

Now we can examine TLM in the context of the clinical severity of the local disease. Others can judge the use and validity of the approximate term locally advanced.

ACRONYMS

CHEP
Cricohyoidoepiglottopexy.[27] Reconstruction for SCPL.

CHP
Cricohyoidopexy.[14] [28] Reconstruction for SCPL.

HSL
Horizontal supraglottic laryngectomy.

NTL
Near-total laryngectomy.[32] [48] Frontoanterior VPL with epiglottoplasty, SCPL, and NTL have at various times all been called subtotal laryngectomies.[10] [34] [49] [62] 

PES
Preepiglottic space.

SCPL
Supracricoid partial laryngectomy. Frontoanterior VPL with epiglottoplasty, SCPL and NTL have at various times all been called subtotal laryngectomies.[10] [34] [49] [62] 

TLM
Transoral laser microsurgery.

TEP
Tracheoesophageal puncture, tracheoesophageal prosthesis.[18] [64] 

VPL
Vertical partial laryngectomy. Includes the vertical frontoanterior and frontolateral[22] [35] [40] [66] partial laryngectomies, and hemilaryngectomy.

LASER SURGERY AND TLM IN THE TREATMENT OF EARLY, INTERMEDIATE, AND ADVANCED CANCERS

Laser surgery is not new in larynx cancer. Davis and others[12] ; Jako and others[20] ; Strong[79] ; and Vaughan, Strong, and Jako[83] all treated selected tumors during the 1970s and early 1980s.

Through the 1980s and 1990s, Motta and others[37] and Steiner[72] [77] pioneered a new concept: tumor transection in situ. Consider the implications. If infiltrative cancer could be safely resected in pieces, tumor depth could be determined in situ. 
Incremental resection would become possible—as in Mohs's chemosurgery.[36] (Mohs treated cancer successfully in more sites than just the skin.) One could "follow the tumor," custom tailor the excision to each individual patient. If tumors 
could be subdivided into manageable subunits, early, intermediate, and even some advanced laryngeal cancers might be candidates.

Of course, transoral cordectomy provided outstanding results long before the laser was added.
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Suspension[23] [31] [33] [39] and the microscope were the key, not a laser. What the laser added was questionable—costs for new equipment, time to set up, regulations in the operating room, thermal injury hazards, maintenance issues, anesthesia 
issues, more suction, filters, retraining requirements, and new credentialing. And what the laser gave up was considerable—the tactile feedback of cold steel micro-instruments, the ability to cut around corners, the plume-free operating site, 
the char-free pathology specimen, operating room space, an unencumbered microscope, the precision of a cut path vs a vaporization path.

But in the 1980s and 1990s, a sustained experience of endoscopic laser surgery for larger than T1a glottic cancers was growing in Germany.[58] [72] [75] [77] This raised additional questions amongst traditionalists. They had concerns about exposure, 
hemostasis, reconstruction, margins, and would healing. The greatest concern, however, was tumor transection. Steiner cut right through laryngeal cancer—in situ—through a laryngoscope! The claimed advantage was visualization and 
confirmation of tumor depth. How did the skeptics respond? First, we were asked to compromise access and work through smoke and an endoscope with no convincing evidence this was meaningful. Then we were asked to give up 
orientation and violate the principle of en bloc resection—with no laboratory evidence this was safe!

Other concerns fueled the discussion. After a laser supraglottic resection, there was no reconstruction! Open supraglottic laryngectomy always led to aspiration if one failed to repair the gap between the glottic unit and the tongue base.[41] [53] [80] 
After laser SCPL, there was no cricohyoidopexy. Yet this was essential in open SCPL.[28] [29] And there were so many additional issues a laser did not address—bleeders over 2 mm, ossified cartilage, neck nodes.

Furthermore, the obvious problems of access were troubling. Big tongues, small mandibles, capped teeth, mild trismus, and other challenges all lay in wait, even for the most resourceful of operators. Very early midcordal T1a carcinomas may 
have been okay. But early cancers would require greater exposure, intermediates more, and so on. Some would be too big to extract through an endoscope. A growing plethora of "laser laryngoscopes" raised suspicion that the problem of 
access remained unsolved.

Another challenge would be quality control from the pathology department. In cancer operations, negative margins are compulsory. If laser specimens were vaporized, the pathologist would have no margins to read. If they were laser-
excised, margins would at best be charred. If they were excised in several pieces, positive margins would be meaningless!

In North American practices, these considerations delayed TLM. This, despite much of the pioneering work originating in North America—the entire organ serial section studies from New Haven,[24] Philadelphia,[81] and Toronto[43] [82] ; the 
development of the CO2 laser itself at American Optical Corporation by Polanyi[78] and associates in 1965; the pioneering clinical laryngology of Strong[79] ; Jako and others[20] ; Vaughan, Strong, and Jako[83] ; Davis and others[12] ; Ossoff, Sisson, 
and Shapshay [45] ; and Shapshay.[63] But the German centers were leaders in the collaborative development of all the ancillary laryngologic instrumentation needed to capitalize on the technique. They pushed their experience well beyond the 
concerns recited above, tracked their results, and continue to report on their experience. * 

In 1996, the authors of this chapter began to study this body of work more closely, and subsequently we took numerous steps to incorporate TLM into our practices. This effort provided new perspectives on laryngeal cancer management and 
the initial selection of therapy. Now we seek to share what we have learned.

THEORETIC BASIS OF TLM

TLM does violate a time-honored dictum of surgical oncology—en bloc resection. A typical glottic or supraglottic cancer (above T1 ) is likely to be extracted in three to six separate pieces!

En bloc has always been a prudent tactic to avoid unseen physical dispersion of viable malignant cells in a wound. When a scalpel penetrates cancer, the cells exposed will be alive. Viable cancer cells may adhere to the blade. Nothing 
prevents the surgeon from inadvertently transferring unseen cancer to an adjacent site in the wound. If unseen cell transplantation does occur during open surgery, and then we close the wound, how could tumor not recur? In open traditional 
surgery, this is why we isolate cancer in an unbroken package of normal surrounding tissue—to prevent contact between cancer and a scalpel or a scissor. This way, maybe we can avoid transplanting living malignant cells from the cancer 
back into the patient.

Rethinking this chain of events in laser micro resections raises a new question. What would be the apparatus of physical transplantation? Cancer cells do not adhere to a beam of light. There is no physical carrier to transplant tumor. Then 
again, grasping forceps and the suction cautery tips are used in TLM. They could do it. But assuming no tearing of the specimen, how would exposed cancer cells be viable? Cells revealed by laser energy are thermocoagulated, not

*References [3] [57] [60] [61] [70] [74] [76] . 
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viable. Finally, in the TLM paradigm, we do not close the wound. An unseen cancer cell falls on a thin layer of coagulum, not a healthy tissue surface. This layer is gradually sloughed, not incubated.

These are theoretic reasons we postulate that laser surgery permits local cancer ablation without en bloc resection. Is there any laboratory or clinical data? Werner and others showed (for CO2 laser incisions) that the lymphatic vessels of the 
wound margin are sealed immediately, and lymphatic vessels remain sealed for about 10 days after laser surgery.[85] And we also have 20 years of European clinical data[19] [59] [69] . Steiner and others have been performing TLM since the early 
1980s. He and his colleagues have observed a low local recurrence rate (2%–10%), a high survival rate, and a low rate of complications.[71] [74] They have not seen an increase in late neck or distant metastases during follow-up of more than 10 
years. In other words, the incidence of cure by TLM is the same as the best results reported for open conservation surgery. Put another way, open surgery follows the principle of block resection, but produces no more local cures than TLM! 
TLM allows laser tumor subdivision, but local failure occurs with the same low incidence as in traditional open conservation surgery.

If tumor transection can be safely accomplished (it's not automatic, care is still important), we have an attractive new technique to determine the depth of cancer invasion before we commit to the plane of excision. If we misjudge and cleave 
too close to the tumor, this is just another form of tumor transection. We can extend the excision, incrementally. All we have lost is some time.

If tumors can be divided in situ, the tumor itself ceases to be a factor in obstructing our vision. Complete removal always requires that we expose the entire mucosal margin of the tumor. Now we can achieve that goal in a mosaic of views, 
unrestricted by the bulk of the disease.

If tumors can be extracted in pieces, the internal diameter of the laryngoscope does not set the limit on how large a tumor we can resect. The limit becomes the exposure for each step and our disciplined attention to specimen orientation. 
Mohs[36] transected cancers in situ successfully—and his attention to orientation was uncompromising.



Later in this chapter we summarize the TLM results reported by Steiner and others.[74] They document a very low incidence of failure at the primary site and also report the ultimate causes of death. Their conclusion: ultraradical treatment of 
the primary is not justifiable in a disease for which the main causes of death are advanced neck recurrences, distant metastases, second primaries, and serious general diseases. In modern times, quality of life is increasingly salient. In related 
diseases like hypopharyngeal cancer (TLM treats pyriform cancer too[73] ), 5-year survival rates have stood between 15% and 30% for decades. Aggressive combined therapy (chemotherapy, radiotherapy and radical surgery) have not 
improved the poor prognosis. Again, if we can effect local control with conservation laser surgery, the argument in favor of radical ablation clearly declines.

TLM COMPARED WITH OPEN CONSERVATION SURGERY

Open operations approach intralaryngeal carcinoma from its "blind side." The surgeon cannot see the primary cancer until he or she has opened the neck, divided the fascia, separated the strap muscles, opened the framework, and penetrated 
the lumen at a critical point, determined by the local anatomy. Once exposed, field margins are oozy, not laser cut. Structures within the field relocate with the surgery, instead of maintaining a fixed position. The tumor margins are 
diminutive, not magnified; headlight illuminated, not microscope super-illuminated. For safety and reproducibility, open operations closely replicate a named excision block, chosen without the benefit of intraoperative depth information. For 
example, supraglottic laryngectomy removes the superstructures above the cords, which produces a predictable wound, requires a characteristic reconstruction, and can be repeated for numerous supraglottic cancer patients, despite the fact 
each has unique anatomy, distinctive preoperative findings, and slightly different tumor characteristics. Since the neck will be opened, the timing of a node dissection is determined. Since the neck dissection is continuous with the primary 
wound, steps must be taken to prevent a fistula. Since the framework is elevated to the tongue base and both swell, airway safety demands a temporary tracheotomy. Supraglottic laryngectomy supports the principle of en bloc resection, but 
this was necessitated by the scalpel, not the cancer. It facilitates teaching, but for gross anatomy, not for the microanatomy and micropathology. Open supraglottic laryngectomy provides the access needed for reconstruction, but the open 
surgery necessitated the reconstruction.

By approaching laryngeal carcinoma through the mouth, TLM requires no disassembly for access. The laryngeal framework continues to support the airway. A tracheotomy is usually superfluous in a supraglottic TLM. The strap muscles 
retain their swallowing contribution. Through the endoscope, the operator confronts the authentic primary right from the beginning of the resection—no preparatory dissection. The laryngoscope stabilizes the field. The magnification and 
brilliant illumination unveil important subtleties, dysplasia at a margin for example. With no disturbance
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of the neck, and no connection of a neck wound with a laryngeal wound, pharyngocutaneous fistulae disappear from the list of potential complications.

During TLM, diagnosis continues.[91] Wherever the local tumor extends, the microscope and the laser try to follow. Magnified tissue appearances acquire new significance. Some tumors change the vascular patterns in the mucosa. Deeper in, 
invasive cancer tends to appear pale and dysmorphic. Tissues give up subtle information about their consistency as they are retracted. Cancer is stiff or soft (soft can progress to friability and bleeding). Beyond the tumor, the expected 
microarchitecture is striated muscle, fat, seromucinous glands, fibrous perichondrium, (ossified) cartilage, or bone. Fat looks yellow and lobulated; mucous glands are pale and lobulated but more noticeably vascular. Muscle is striated. 
Fibrous tissue is white and dry. Ossified cartilage and bone carbonize to a dominoes-like appearance. The undersurface of the strap muscles is loose and areolar.

TLM is a natural ally of combined treatment. Once the tumor is out, the locoregional microvasculature is still undisturbed—the best milieu for post operative radiotherapy. And complete 3D resection under the microscope has minimized the 
chances of a positive margin.

During the weeks after TLM, the endolaryngeal wound heals by secondary intention (in many ways similar to a tonsil bed). The framework resists stenosis because it remains intact. The thermal damage from laser resection is superficial 
(after electrocautery, it is deeper). No local flaps are mobilized or transposed—no chance to bury residual tumor. "Second look" endoscopies become a meaningful way to revisit the primary site.

Months later, persistent granulation may signal the need for endoscopic removal, to improve voice. Follow-up laryngoscopy also allows the removal of small, ossified cartilage sequestra, which sometimes develop after a laser resection has 
been carried down to the framework. Re-epithelialization seems to forecast recovery but does not completely eliminate all risk of recurrence. Not even a negative second look excludes later recurrence. An overhanging anterior glottic scar 
may hide an unsuspected nubbin of residual tumor—still a salvageable circumstance, by simple laser resection, if discovered in time by this tactic. Before recommending TLM, discuss the willingness of the patient to return for a "second 
look."

INSTRUMENTAION AND TECNIQUES OF TLM

Instruments

We use a floor-model CO2 laser console (Laserscope Paragon 50™), which generates an output beam of 1 to 50 W. Two modes, pulsed and continuous, are possible. Pulsed mode produces the fastest vaporization, the least adjacent thermal 
injury—the least char, hence the best clear recognition of the texture at the cut surface. But any vessel larger than an arteriole will bleed, and the bleeding must be arrested with electrocautery. Pulsed mode at low power (2–3 W) is ideal for 
glottic mucosa. One can maintain control over the cut (working slowly), avoid collateral heat (especially unintended thermal injury to the anterior commissure), and also avoid a "hole" of unintended depth (by pausing). For most normal 
laryngeal incisions, we use continuous mode at around 6 W of power. This setting provides excellent hemostasis but not enough char to upset the pathologists. Most mucosa bleeds too much in pulsed mode. Continuous mode results in a little 
more coagulation (about 50–100 µm).

The overall spectrum of power in laryngeal work is wide—1 W (focused, pulsed mode, for fine cutting of cordal mucosa), to 15 W (defocused, continuous mode, to vaporize friable semi necrotic centers inside bulky cancer (one of the few 
justifications for vaporization).

Besides mode and power, four more variables influence the effect: 

• Speed: How quickly one moves the beam. Thermal transmission takes some time.
• Focus: Defocus the beam to create a superficial cautery effect but turn up the power, especially for broad forward advancement. Defocusing reduces the density of the power.
• Target tissue: Normal tissue (moist, not running wet) cuts best. Wet tissue (fluid is visible) cuts slowly, with a lot of thermal artifact from the boiling that has to take place first.
• Bleeding: Flowing blood stops laser surgery cold. It has to be ended (with electrocautery) before the excision can continue. Bleeding tissue just takes refuge under an expanding black char ball. Paradoxically, a beam set for the least 
char may impose the greatest char, by requiring the use of electrocautery.



An articulated arm brings the laser beam to the microscope body. From here we direct it with the joystick on a Sharplan Acuspot 712™ micromanipulator. The frame of the micromanipulator bears a gimbaled half-silvered mirror through 
which we see the target and with which we manipulate the laser beam. The narrowness of the micromanipulator frame is very important. Anything wider than the microscope body will conflict with the introduction of instruments (22–23 cm 
long). Unimpeded maneuvering and hemostasis at the primary site demand a clear
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path alongside the microscope for the grasping forceps and suction cautery tubes.

The CO2 cutting beam is invisible, at 10,600 nm (far infra-red). The wavelength of visible light is 400 nm (violet) to 700 nm (red). The surgeon observes a red spot on the target produced by an integral red Helium Neon (HeNe) beam at 
632.8 nm (visible red). A video camera is mounted on the microscope as in otologic microsurgery. A monitor displays the operative field, so the operating room nurses can anticipate and assist.

More than anything else, laser micro resection requires sophisticated skills in direct laryngoscopy. Much of this is experience, but part of it is an understanding of the laryngoscopes. Narrow tubular endoscopes (i.e., narrow side-to-side) 
overcome difficult exposure best. The tongue is incompressible (a fluid) and confined by the arch of the mandible. It can only be distorted. Wherever the scope contacts the tongue, it employs strong pressure, and deforms it such that a 
straight path to the anterior commissure results. The narrower an endoscope, the more it can sink into the tongue, and the more the tongue can squeeze around the sides.

A narrow vertically oval instrument like the Hollinger anterior commissure laryngoscope is the optimal tool to overcome difficult anterior visualization. But a narrow monocular laryngoscope is too narrow to accommodate the side-by-side 
dual optical pathways of an operating microscope. A Dedo anterior commissure laryngoscope overcomes this limitation. It provides just barely enough width to accommodate a microscope. Zeitels Endocraft™ laryngoscope[90] maintains this 
advantage and adds a useful tip enhancement for glottic work—less bevel. A blunt tip is better for holding aside the false cords. Regular tips actually cover the anterior commissure by the time the rest of the barrel reaches distal enough to 
lateralize the false cords. Zeitels's scope also features proximal slots along the sides to improve access for the instruments. Special modifications load both the Dedo and the Zeitels instruments with extra light and needed extra suctions 
carriers. Laser plume is the most troublesome limitation to clear vision during TLM, so the optimum allocation of suctions is important.

Storz™ and others have developed a specific assortment of laryngoscopes for TLM. Their standard adult laser laryngoscope (8661 CN) has a dome-shaped cross-section, a lip at the tip (anterior commissure), and an unobtrusive suction 
channel incorporated into the upper wall of the blade and the handle. For larger tumors, distending laryngoscopes are the best. Two we have considered indispensable are the Weerda distending operating laryngoscope (8588 L) and the 
Weerda/Rudert distending supraglottiscope (8588 E). These instruments are wider, independently adjustable, and fitted with great suction tubes. The upper blade features flares at the side to help hold the tongue out of the way. The lower 
blade mounts on a strong left proximal C arch (8588 L), or a strong ring (8588 E) to provide minimal encroachment on instrument access.

The best vallecular laryngoscope is probably the Lindholm instrument (8587 A). The essential laser laryngoscopes for difficult access and subglottic access are the Steiner models. These are long and thin. The "half dome" subglottiscope 
(8661 DN) sinks into a large tongue the best and the suction channel is incorporated into the handle. The flat-bodied subglottiscope (8661 E) gets past prominent incisor teeth the best, and a separate suction can be clipped.

We protect the incisors by fashioning a custom splint of heated Aquaplast™ (PS-1685), a thermoplastic substance that sets to a hard stable cap and diffuses the pressure over five or six teeth (WFR/Aquaplast Corp., Wyckoff, NJ). Sometimes 
we compress the cricothyroid with a band of tape across the table to help tip the larynx.

You can never have too much suction for plume evacuation—suction tubes on the laryngoscopes, suction tubes on the grasping instruments, suction in the insulated cautery, and plain dedicated suction tubes. Support each one with a separate 
suction line. Then add special suction tubes for blood. We prefer plain suction tubes for cleanup and gentle tissue manipulation and insulated suction-cautery tubes for flowing blood (two of each). Insulated (model 8606) suction cauteries 
come in various diameters—the insulation is necessary to prevent them sparking out to the endoscope. Prevent suction trauma (and worse, sticking to a friable specimen and tearing it) with a small relief hole in the tubing or at the sucker tip.

Larger vessels sometimes require something more targeted than suction cautery. Insulated model 8663 alligator forceps will pick up a small bleeder around a corner for electrocoagulation. Control the lateral vascular pedicles coming into the 
supraglottis with insulated MicroFrance™ CE 0459 bipolar cautery-forceps (specify 22.5-cm length). Place titanium clips on named arteries, like the superior laryngeal and the anterior cricothyroid arteries. Delayed secondary hemorrhage 
would be a formidable complication in a patient with no tracheotomy. Stop this problem before it arises by using laryngeal vascular clip applicators (model 8665 works well).

Bouchayer fenestrated forceps (8662 R or L) are excellent grasping instruments for small cordal specimens. But to secure the grip we need on the larger specimens we manipulate in TLM, normal laryngeal
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micro instruments are too delicate. Saw-tooth grasping forceps meet the need. Use one (model 8662 EL, FL, GL, or HL) to maintain a stable grip on tumor subunits. Use two to advance by double grasping. The L denotes a suction channel.

Controlled resection is only as certain as the stability we create for the micromanipulator. A rocksteady microscope stand, like a Universal S3, serves our Zeiss OPMI 111™ very well. Reduce the wrist and finger movements you transmit to 
the system with adjustable armrest stabilizers on a pneumatic chair (like the Möller-Wedel™ Combisit E). Adjust the microscope and the patient to a comfortable position for you (as in otologic microsurgery) instead of the other way around.

During TLM, operating laryngoscopes require frequent redirection. This is why a rack-and-pinion chest table (like the Storz Göttingen™ model) is worthwhile. It permits efficient breakdown and redirection of the suspension system, which 
affords the operator the opportunity to quickly reestablish a different stable vantage point several times per case. Coupled with table-height and tilt adjustment (controlled from the head end of the table too), the operator can repeatedly 
reestablish the optimal line of sight.

Techniques

To enhance endoscopic exposure of the anterior commissure, one can laser-transect the ventricular bands (i.e., the inferior free margin of the false cord or upper lip of the ventricle) from their anterior anchorage on the framework of the 
larynx. But this diminishes the contribution undisturbed false cord tissues might have made to voice. (Exposure of the anterior commissure for lasering presupposes that the anterior glottic contribution to voice will be lost.)

Do not rely completely on the pathologist. Study the mucosal margin around the tumor yourself. The operator enjoys the advantage over the pathologist when it comes to dodging a falsely negative margin reading. The pathologist will only 



see some of the margin, a rolled edge, its telltale vascular network empty and collapsed. The surgeon gets to view the living margin under brilliant illumination, extended by traction, and further described by its vascular patterning.

Once beneath the mucosa, follow the cancer in an orderly way. Use your knowledge of cross-sectional anatomy. Use the telescopes—inspect beyond the tumor. Use the power of laser surgery to resect one piece at a time and maintain 
constant orientation. Replace finger palpation with instrument palpation. Pull tumor into the field with grasping forceps. Finish an area before changing the tension and exposure in favor of another.

For laryngeal cancers that we choose to remove in sections, the plan of TLM is to complete each sub resection a block (or view) at a time. Use transection at the edge of the field to find the healthy tissue plane and deliver all the cancer that 
will be taken in that established view. Tumor transection defines the plane of separation from the rest of the cancer. Consider marking it with ink. This surface will be the plane we need to place within the next view we "capture," to maintain 
a continuous resection. Like a Rubik's cube, as each new tumor subcomponent is delivered, an adjacent component becomes more accessible.

As each subunit is resected, three obligations are paramount: 

1.  Maintain continuous orientation to the cancer. Recognize what has been completed and what next to expose. Know what remains to be done.
2.  Orient the resected specimen for the pathologist. The deep margin is the margin of interest, not the margin released from the rest of the tumor, which is known to be cancerous. It usually remains unmarked, or bears the specific color we 

use to designate tumor transection surfaces.
3.  Ink the deep surface margins, the surgical margins, which are expected to be negative, with the previously agreed on study color—black usually.

Anytime TLM is applied to intermediate or advanced cancer, some patients will present with significant disease in the subglottic larynx. This can be a challenging location for exposure. Among the most helpful ploys: a small endotracheal 
tube, proper choice of the endoscopes, top-to-bottom sequencing of the resection, and special positioning of the larynx. Tip the larynx up by elevating the thyroid cartilage with the laryngoscope blade and depress the cricoid with tape. Most 
patients with subglottic cancer have glottic cancer. Excise the glottic component first and exposure is automatically improved for the subglottic disease. When cancer descends to the inferior margin of the thyroid cartilage, include the 
cartilage margin itself in the resection. It is possible to encounter (and recognize) the Delphian node when laser resections extend forward through the lower margin of the thyroid cartilage. Resection with the cricothyroid soft tissues provides 
an opportune method to identify an important mode of extralaryngeal nodal spread, a finding that usually calls for further treatment of the nodes in the neck.[44] Laser resection and histopathologic study of the Delphian node should probably 
be a routine part of any significant subglottic resection.
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TLM is not just a simple combination of already familiar techniques. It forces us to reconsider the detailed anatomy of the larynx—to learn it "inside out." Otolaryngologists introducing TLM into their practice should watch someone do it. 
Take a course. Be prepared to train an assistant and a scrub nurse too. If facilities permit, fresh frozen cadaver dissection has merit. Some of the goals would be to distinguish the greater horn of the hyoid vs the upper edge and cornu of 
thyroid cartilage, the preepiglottic fat vs the glands around the ventricle, the distribution of the superior laryngeal artery and its main branches,[50] the form and attachments of the conus elasticus, as well as other parts of the neck.

If you biopsy a cancer at a separate sitting, use this opportunity to evaluate your preparedness and equipment for TLM. Determine whether your exposure will be adequate. When it comes to making the transition from study and observation 
to practice and application, start with small cancers and edentulous patients, the easiest to expose. Then work your way up.

PATHOLOGY ISSUES

TLM tends to be a "one-surgeon" operation. But it is by no means a one-doctor operation. An interested, enthusiastic, and involved frozen-section pathologist is an essential partner. Multiple specimen blocks require mutual understanding 
and clear communication. The step-section technique works nicely for a single block (like a T1a glottic specimen). It is not appropriate for the usual multi block TLM case.[2] 

When a tumor has been subdivided in situ, as already noted in this chapter, not all raw borders are margins. We have outlined one way to ink the margin in question on the specimen (Davidson Marking System™). Another is to cut separate 
margin specimens from the wound. You may be surprised at how easily a specimen becomes disoriented. Orientation is often lost by the time the specimen reaches the lips! If you want the pathologist to work from the primary specimen 
itself, ink the margin in situ, before the specimen is detached. In complex resections, ink the site of detachment too, so the subsequent readings will be easier to track. If you prefer, cut specific separate margin specimens from the wound. 
Then all the pathologist has to do is evaluate the entire submitted specimen. Is it yes or no? Is tumor is present or not? The surgeon's responsibility is to avoid three errors—errors of sampling, errors of communication, and errors of 
identification. Sampling is the art of providing a dead specimen and getting the pathologist to tell you what will happen with the adjacent living tissue still present in the patient. Communication means providing the pathologist with key 
information, like whether the patient was irradiated before. Identification means keeping track of the sites of the sources of the biopsies. Use hemo clips, maps, lists, ink of different colors. Number the specimens and link them to a map or a 
color. Make sure you and the cytopathologist share the same site names.

TLM IN RELATION TO EACH OF THE FIVE CLINICAL CATEGORIES OF LARYNGEAL CANCER

Very Early Laryngeal Cancer

Very early laryngeal cancers provide a good initiation to laser laryngology, but the laser is just a "stand in" for microforceps and cautery with little tangible advantage. Expert laryngologists commonly cure midcordal T1a glottic lesions by 
transoral laser excision. But all they perform is a simple excisional biopsy. Suspension microlaryngoscopy is a key asset. But the secret to the high cure rate in "very early" cancer is patient selection, skillful laryngoscopic exposure, careful 
en bloc excision, and negative margins. The advantage lies not with a laser, but with the nature of the disease. Very early glottic cancers are an exceptional neoplasm, small, localized, and off the anterior commissure. No new principles were 
really required and no old principles were really challenged.

Early Laryngeal Cancer

"Early" laryngeal cancer comprises two groups, loosely similar to previously untreated T1B and T2A glottic cancer and previously untreated T1 supraglottic cancer. These are: (1) glottic cases falling within the purview of an open vertical 
partial laryngectomy; (2) supraglottic cases falling within the boundaries of a supraglottic laryngectomy.

Transoral laser microresection clearly meets or exceeds expectations in early laryngeal cancer: 



• The cure rate matches the open operations (vertical partials and supraglottics) while the morbidity and functional losses decline.[74] 
• TLM does not require a temporary tracheotomy to treat early cancer. Hospital time contracts to 3 days[46] and costs fall.[8] 
• Radiotherapy may outperform open VPL for voice in early glottic cancer, but only if cure is obtained. TLM provides the same high cure rate of VPL, but a better voice than VPL.[55] The major advantages of TLM relate to the efficiency 
of cure (obtained with only one treatment), and speed of completion (treatment is finished at the same direct laryngoscopy and biopsy the patient would require to start radiation treatment).
• Radiotherapy may surpass open supraglottic laryngectomy (HSL) in resisting aspiration (but it loses on cure and efficiency). TLM preserves
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better swallowing[21]than HSL and, unlike radiotherapy, requires no diminution of lubrication or taste.
• Over a lifetime, up to 25% of laryngeal cancer patients develop a second cancer.[68] Half involve the upper aerodigestive system. Patients who opted for TLM retain every possible option for the second cancer (including radiotherapy and 
laser surgery). Patients who accepted radiotherapy—and even prevailed—have narrowed their de facto future options to surgery in an irradiated field.

The conduct of TLM in early laryngeal cancer proceeds as follows. Intubate for general anesthesia with a small laser-approved endotracheal tube. (To minimize trauma, consider doing it yourself). Our tubes have two balloons filled with 
water. Set up the laser for parfocal operation, for the smallest microspot (0.25 mm), and for continuous mode. Ask for 3 W power if you are a beginning laser surgeon, more as you learn to work faster. Establish the initial laryngoscopic 
exposure and the video image. Protect the face with a wet towel.

For early glottic cancer, using the laser, retracting with the suction, outline the tumor margins. Then subdivide the lesion into a "middle plus anterior" and a "posterior" subunit.[71] Identify the depth of infiltration into the thyroarytenoid 
muscle and the extent onto the arytenoid. Laser-resect the posterior block. Resuspend the laryngoscope and transect the remaining tumor between the "middle" and "anterior" block. Laser-resect the middle block, so all that remains is the 
front. Reconfirm the depth by frozen section. Finally, reposition the laryngoscope and resect the anterior block. Traction with Bouchayer forceps works well to clarify the resection line at the anterior commissure.

In anterior commissure cancer, the voice is usually bad due to the disease. Voice after TLM for anterior commissure cancer is usually no worse. [46] However, the mechanism is different. Extensive resection of anterior commissure/anterior 
glottic cancers changes the glottis to a keyhole shape. It also bares the inner aspect of the thyroid cartilage. Healing on the inner aspect of cartilage will produce thin mucosa on a solid base, cartilage or fibrous scar with tethered restriction 
points. Thus we obtain stiffness. And stiffness produces hoarseness. Also, the intact thyroid cartilage will brace open the defect to produce an anterior glottic gap. And a gap produces breathiness.

In some cases, breathiness can be reduced with phonosurgery (e.g., cartilage implantation[65] ) to reduce the anterior glottic gap. The correction of hoarseness due to stiffness awaits future advances. The principal strategy now is the intelligent 
preservation of uninvolved tissues and the avoidance of unnecessary desiccation of the normal tissues left behind. (TLM preserves glandular elements better than radiotherapy.)

For early supraglottic cancer (confined to the supraglottis—the glottis and both arytenoids are free), split the suprahyoid epiglottis[60] vertically in the midline (even if this transects cancer crossing the midline). Identify the hyoid bone. Cut the 
vallecula and expose more hyoid to each side. Pass down the thyrohyoid membrane and clearly identify the upper margin of the thyroid cartilage. Plan to capture the bilateral supraglottic vascular pedicles with insulated grasping forceps or 
the bipolar cautery forceps. Resect suprahyoid tissues before infrahyoid tissues, in planned subsections, proximal to distal. Above the plane of the thyroid alar margin, you will not harm the glottis. Below this plane, improve your access and 
vision by having resected all of the suprahyoid tissues on both sides. When resecting the false cords, take advantage of the angled suction protectors (model 8596) to shield the vocal cords. Insert the "baffle" into the ventricle or above the 
anterior commissure. In every supraglottic case, the surgeon should work to resect all of the preepiglottic space.

Intermediate Laryngeal Cancer

Earlier we defined "intermediate" laryngeal cancer to be one that would require SCPL to be encompassed by an open operation. Most "intermediate" glottic or supraglottic cancers can be treated by laser micro resection, open SCPL, or 
radiation with surgical salvage. The problem with radiation and salvage is intermediate cancers that fail radiotherapy are not cured by conservation operations. SCPL has a better record of local control,[9] [28] but patient selection and surgical 
execution require tremendous sophistication. SCPL pushes function to the limit—it is probably the most extensive open resection one can do and still restore swallowing and an internalized airway (i.e., the tracheotomy is temporary).

Experience refutes the allegation that TLM cannot encompass intermediate cancers. When an anterior commissure lesion too big for a vertical partial (but too mobile for a near total or total laryngectomy),[46] TLM provides a very logical 
resection. TLM clearly rivals open SCPL for functional results. The morbidity is more than we see after TLM for early cancer, but clearly less than we expect after open SCPL for intermediate cancer.[38] Case selection may be more forgiving 
than it is for open SCPL because of the intraoperative diagnostic advantage of TLM.

Full exposure of intermediate cancer is only slightly more difficult than for early cancer. The larger challenge is continuity and orientation. Start with
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early cases to master exposure. Then progress to intermediate cases and the greater manipulative and directional tests they offer. Intermediate anterior glottic cancers typically involve the thyroid cartilage, but spare the arytenoids. Of course, 
anterior laryngeal resections can include large pieces of the thyroid cartilage and the subglottis. Ossified framework can be devitalized with heat and outlined for endoscopic resection with Jackson laryngeal scissors (Pilling™).

If motion on one side of the anterior glottis is at all impaired (T2b), look for extraconical cancer during TLM. And bear in mind that once external to the conus, tumor descends to escape outside the larynx (through the cricothyroid triangle).[50] 
Borders of the cricothyroid triangle are the inferior margin of the thyroid cartilage, the lateral edge of the cricothyroid ligament, and the medial border of the cricothyroid muscle. An "intermediate" cancer found to extend outside the larynx 
should probably be converted. It might well be better to open the neck and to permit the formal resection of, say, a near-total laryngectomy, which includes strap muscles and the thyroid isthmus and lobe.[47] The price is the permanent stoma 
that accompanies NTL, but this is better than recurrent cancer.

TLM can also treat T2 supraglottic cancers if the reason for "T2 " is invasion of the glottis or the medial pyriform wall. Once, a total laryngectomy was rationalized in these cases (by the notion that the tumor exceeded the limits of a 
supraglottic laryngectomy). That was why SCPL was a real advance. When TLM is feasible for T2 supraglottic cancer, TLM becomes the next advance. Note that the patient undergoing TLM for intermediate cancer reaps the additional 
benefit of continuing diagnosis. Under brilliant magnification and stable exposure, little extensions of unexpected cancer[11] are likely to be recognized and removed. So are erythroplasia and keratosis, future sites of origin of the next cancer. 
When TLM cannot be done for intermediate cancer, the attempt to perform a laser excision may demonstrate why transoral laser or open SCPL are both unsafe (in that patient).



Intermediate TLM risks glottic stenosis. The maximum safe preservation of intralaryngeal mucosa and cricoid cartilage resist it. Preemptive suppression of reflux with antacid medical regimens also makes sense. If you anticipate losing an 
arytenoid at TLM, do a tracheotomy at the time of the laser surgery. Take advantage of the view (no endotracheal tube), and protect the patient against initial aspiration with a cuff.

TLM may generate the most logical resection for intermediate cancer, but the wound is still left to granulate and contract by itself. Open SCPL calls for a strong cricohyoidopexy.[30] The return of swallowing after TLM implies cricoarytenoid 
elevation is accomplished by other means. Perhaps this is preservation of the strap muscles—no suprahyoid dissection, no circum-hyoid suturing.

The risk of a fistula after TLM for intermediate laryngeal cancer is nil—the neck dissection never connects to the primary site.

Advanced Laryngeal Cancer

"Advanced" laryngeal cancers are glottic, supraglottic, transglottic, aryepiglottic, or even medial pyriform cancers distinguished by two fundamental features: (1) Permeation of the paraglottic space. (Therefore advanced cancers impair the 
motion on one side.) (2) A clearly lateralized disposition. (Advanced cancers seem to permeate the "hemilarynx.")

The block to encompass such a cancer corresponds to a near-total laryngectomy.[47] NTL is a complete supraglottic laryngectomy plus an extended hemilaryngectomy—combined to include all of one paraglottic space and all of its contiguous 
neighbors. (Neighbors are the thyroid lobe and isthmus, the hemi cricoid, the arytenoids, the pyriform, the anterior commissure and subglottis, and however much contralateral anterior glottis is necessary to encompass the cancer. Patients 
undergoing NTL retain a lung-powered voice—a prosthesis-free tracheopharyngeal fistula voice—but their stoma is permanent.

What saves these patients from being classified "very advanced" are the following characteristics. 

1.  Most of the subglottic mucosa within the cricoid, certainly all of it on the "good" side, is free of cancer.
2.  The contralateral ventricle is clear of cancer
3.  The contralateral vocal cord is only involved in the superficial mucosa and the most anterior glottic musculature.
4.  The posterior commissure and post-cricoid regions are completely clear.

To recognize patients with "advanced" laryngeal cancer, we have to be able to identify and exclude the "very advanced" cancers, for which near-total laryngectomy would not be not safe. "Very advanced" means the only dependable ablative 
option is total laryngectomy and the preferred voice strategy is TEP. Typical "very advanced" laryngeal cancers are midline and bilateral, not lateralized. For example: 

1.  Massive "horseshoe" glottic/subglottic cancers (both ventricles and both muscular vocal cords are cancerous).
2.  Significant subglottic cancers (generally involve the cricoid bilaterally and often present with airway obstruction).
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3.  Posterior commissure/postcricoid cancers (both arytenoid complexes are involved).

Near-total laryngectomy is the most logical open "block" for advanced cancers. But NTL requires a very specialized lateral laryngotomy. The challenge is to enter the lumen without encountering cancer and without compromising the future 
speaking shunt. In many candidates, it would be easier to outline the block from within the lumen of the larynx. And the laser would be the ideal tool. More subglottic mucosa could be saved (which improves the tapered capacity of the 
inferior shunt—the tracheocricoid entry into the speaking shunt). More interarytenoid soft tissue could be saved (which contributes to the shunt's voicing and valving capacities). Occasionally, it might be recognized that both arytenoids were 
actually clear. That is, the cancer was "intermediate" not "advanced," and a very logical laser supracricoid operation could be performed. This would confer an important advantage for the patient—no permanent tracheotomy.

Generally, we find "advanced" cases cannot be treated by TLM, because reconstruction is required. The value of TLM lies not in complete excision, but in prereleasing the crucial tissue that really needs to be excised—this can define 
whether the cancer actually rises to the level of a near-total laryngectomy. Prerelease occurs with visible direction from familiar endolaryngeal landmarks and it avoids the cancer itself. Then the surgeon can perform open delivery through 
the neck. No concerns about the site of entry, where the true margins lie, or where unseen submucosal cancer might extend. Perhaps the pharyngeal augmentation flap (to be turned down from the ipsilateral side to participate in the shunt[47] ) 
can be precut with the laser as well. Voice shunt reconstruction would then be a simplified assembly with precut margins, no mucosal bleeding, and the least chance of cautery damage to the nerve supply or the muscular components of the 
shunt.

Very Advanced Laryngeal Cancer

A laser might be capable of total laryngectomy in a well-defined previously untreated very advanced cancer, but not the restoration required. The pharyngotomy must be repaired. A stoma must be fashioned. Sometimes the hypopharynx 
needs reconstruction. The neck must be opened. Not much justification for a prerelease. Total laryngectomy is an anatomical excision.

Most patients present with very advanced laryngeal cancers that are in a sea of inflammation. Many have failed earlier radiotherapy. Many are treacherous for their submucosal extent. Keeping tiny remnants of the larynx in cases like these is 
oncologic brinksmanship, and it never supports meaningful function. So TLM has no apparent application in the "very advanced" category of laryngeal cancer. The exception might be the emergency treatment of neglected cancer with 
airway obstruction. [7] 

TLM AND NECK DISSECTION

The neck nodes are treated as they always have been—by open surgery or post-operative radiotherapy. We can carry out a neck dissection at the same sitting as TLM on the primary, but laser endoscopic surgery cancels the argument to 
perform a node dissection now because "the neck is already violated" (to access the primary). A better time might be weeks afterwards. One unproven hypothesis suggests later is better, because the micrometastases "in transit" at the time of 
the TLM will have had time to lodge in the nodes. A more practical reason would be to wait until a patient with serious comorbidities has recovered from the primary resection, or until after an elderly patient has regained swallowing after a 
laser supraglottic laryngectomy, or until after we know exactly what the pathologist has to say about the invasive nature of the primary cancer. Since a "second look" is possible after TLM, this might be a suitable time to operate on the 
deferred neck. With respect to the patient with a very low tolerance for complications, we have already mentioned that staging the primary and the neck surgery at separate sittings reduces the chance of a pharyngocutaneous fistula to zero.



TLM AND RADIOTHERAPY

TLM undoubtedly works best as a primary treatment. But surgeons who can offer TLM are not always consulted when the initial therapy is being selected. About half our anterior commissure patients had already received previous treatment 
by the time we were called on to consider laser surgery.[46] Therefore, surgeons will be confronted with patients who seek TLM for radio recurrent disease.

Prior radiotherapy complicates the planning of TLM and increases the morbidity attributable to delayed wound healing. It diminishes the accuracy of clinical judgment and the specificity of preoperative imaging. Radio recurrent cancer is 
often submucosal and sometimes discontinuous.[17] These factors complicate the decision to even attempt TLM. If TLM is undertaken, magnification does help disclose atypical patterns of spread. But magnification comes with its own danger
—the temptation to cut normal-looking margins too close.

In our anterior commissure series,[46] 5 of 16 patients with intermediate laryngeal cancers received postoperative radiotherapy. The indication was suspected disease in the neck, never a positive margin
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at the primary site. A positive margin at the laser site is an indication for further surgery, not radiotherapy.

TLM gives us a way to remove the primary without first disturbing the neck. After TLM, postoperative radiation faces the novel circumstance that no one has first disturbed the microcirculation with an open operation. Maybe the obligation 
to include the primary site in the radiotherapy fields is more questionable after TLM, when margins were clear and radiotherapy is being given for neck indications. TLM patients tend to heal as quickly as patients with open surgery. But 
more importantly, the risk of a complication (necrosis, a fistula, an infection in the neck) is diminished. Therefore, TLM may be a more logical choice for the excisional component of combined therapy. Indicated radiotherapy will not likely 
be delayed by the prior performance of a TLM.

COMPLICATIONS OF TLM

The complications of stray laser light include unwanted burns. Tiny pinpoint burns to normal laryngeal or pharyngeal mucosa are not rare. The beam can easily pop the endotracheal cuff. Important burns or to facial skin or worse, to the eyes 
or the airway are extremely rare but potentially devastating. We use small wet precut toweling strips to cover fields beyond the target site. Angled suction protectors shield the cords. Cover the face and eyes of the patient with wet toweling 
after you position the laryngoscope. The microscope itself will save the operator's eyes from harm. All other personnel need protective eyewear in the operating suite. Give the laser pedal to the surgeon (only), and the cautery pedal to the 
assistant (only). Control the concentration of oxygen in the airway, and use a double-cuffed laser endotracheal tube with saline in each cuff to maintain the seal confining the oxygen to the distal trachea.

Prolonged endoscopic displacement of the tongue causes obvious, sometimes severe, lingual contusion, swelling, and subsequent dysphagia, with or without long-term lingual dysesthesia. Chipped or loosened teeth follow difficult 
intubations or forceful endoscopic suspension in the dentulous patient. Sponges used to protect mucosa easily drift out of sight to be left behind when an endoscope is repositioned. Arteries can bleed voluminously into the wound in the 
larynx, particularly in the patient recently taking platelet inhibitors. All of these complications threaten the airway—with swelling, foreign bodies, or blood.

Many patients undergoing TLM require no tracheotomy. However, every consideration should be given to one in the intermediate and advanced cases where the role of a tracheotomy may be different. Here are some potential indications: 

• To bypass expected edema from prolonged pressure on the tongue base in a lengthy case with difficult exposure.
• To bypass the specter of serious hemorrhage in the supraglottic region in the absence of airway protection.
• To avoid the impediment to exposure an endotracheal tube can pose, especially in the subglottis.
• To allow cuffed resistance to laryngotracheal aspiration in a patient with susceptible lungs.

Sudden secondary bleeding—without a tracheotomy—is probably the most dangerous risk.[84] The best treatment is avoidance. Never trust the cautery to provide sustained control of a named artery (like the superior laryngeal). Clip named 
arteries. And never trust the standard mouth guards to protect the teeth. Cover the upper incisors with thermosetting plastic and cool it with ice water. We mentioned the small square of double-folded Aquaplast™ we use, the same material 
used to fashion rhinoplasty splints. As much as possible, the surgeon should pick up the tempo of the TLM to avoid prolonged tongue pressure. Do not be slowed down by inadequate plume suction, a weak laser beam, or a medium power 
beam weakened by defocusing. Learn to adjust the power and focus to the optimal settings for pace. Lengthy surgery risks tissue stasis and deep vein thromboembolism. Consider timed repositioning and apply antiembolism devices to all but 
the "very early" cases.

TLM imposes obvious limitations on reconstruction, but, in practice, the fact that the wound must heal by secondary intention is usually an advantage. The surface we will eventually be following in the office will be recovered by indigenous 
mucosa, not by a skin graft, not by a regional flap, not by irradiated mucosa. This should improve our ability to monitor for local recurrence. Secondary intention healing involves contraction and granulation tissue of course. But the 
preserved laryngeal framework does a surprisingly good job resisting contraction and stenosis is not very common. Beware the patient with reflux. Reflux slows healing, which encourages fibrous stenosis. Be prepared to give proton-pump 
inhibiting medications on minimal evidence. Leaving the wound unreconstructed may yield two additional benefits. Free cancer cells (if any) will fall on a slightly more inhospitable surface than the one we "bury" by reconstruction in open 
operations. Also, at a future date, not having buried that surface, we preserve the possibility of a second chance through the discovery of persistent cancer at a "second look."

Whenever the inner surface of the cartilage is exposed by TLM, a sizeable granuloma is almost

2339

inevitable. Small osseocartilaginous sequestrae will perpetuate a granuloma until they are removed. At the anterior commissure, extensive resection leads to a rounded open anterior glottic defect. The opening produces breathiness. The walls 
consist of thin new mucosa, directly applied to the cartilage. The stiffness begets hoarseness. Prevention involves the optimal preservation of laryngeal mucosa,[89] plus the recognition and removal of any cartilage that undergoes laser thermal 
devitalization. Treatment of the breathiness draws upon one's phonosurgical experience.[65] The stiffness is so far resistant to intervention.

TLM incurs new expenses. The institution incurs new costs, for training and equipment, and increased demands are made on the cytotechnicians and frozen-section pathologists. Some patients require a "second look" laryngoscopy (a few 



patients require more than one "second look"). Other patients will seek phono surgical procedures. Some patients will receive post-operative radiotherapy (but their indications will be the same as in open surgery, so this cannot be considered 
an extra cost). TLM requires more travel for some patients, because of its limited availability in the United States (although travel for radiotherapy is also common, and the time required away is considerably longer). Despite these extra 
costs, TLM reduces costs considerably.[8] [46] Unfortunately, in practice, many patients do not receive TLM until after they have already incurred the expense of a previous therapy (that has failed). If TLM gains broader acceptance as an initial 
option, the potential for expense reduction may further improve.

TLM is a more difficult skill to transfer to the residents than is open surgery. The subtleties of orientation defer the assignment of part to the resident, part to the consultant. TLM tends to be a one-person start-to-finish operation. There is not 
the usual sharing of duties possible with open surgery, or the formal laboratory experience familiar to ear surgeons who prepared themselves on the temporal bone. TLM requires new judgment from laryngeal surgeons with respect to case 
selection and more advanced skills in laryngeal endoscopy because of the challenges of proper exposure. There are additional procedures to master, including second-look direct laryngoscopies, new phonosurgical procedures, and the artful 
management of the complications noted earlier.

CONTRAINDICATIONS TO TLM

Extensive tumor spread to the neck (e.g., great vessels, the esophagus, the thyroid gland) is an absolute contraindication to TLM. So is inability to expose (with caveats if the upper teeth are the only impediment). The patient might consider 
the extraction of (carious) teeth, especially if it might save an open approach and a separate dental charge. Radiotherapists advise patients who have cancer to have pretreatment extractions. Preparation would include receiving patient consent 
and the taking of a dental impression.

TLM should not be advised for unresectable cancer, advanced cancer needing reconstruction, patients with functional disorders after extensive partial resections (like severe persistent aspiration or secondary stenosis), or the patient with 
overwhelming comorbidities. TLM is not very successful in any palliative role. It will usually prove unhelpful at the primary site in a patient with an N3 neck or distant metastasis. A fixed (not impaired) cord is probably a contraindication to 
TLM. Recurrent cancer in an irradiated "bed" is a relative contraindication.

TLM has the potential to attract more patients with unrealistic expectations, those for example with advanced or very advanced laryngeal cancer after chemoradiation failure, or patients with major systemic comorbidities hoping to avoid a 
needed open operation for cancers that are advanced or very advanced. Sometimes a patient seeking TLM has built up too much faith in "the laser myth," while denying the realities of his or her predicament. TLM cannot repair tissues or 
functions already lost to cancer, radiotherapy, or previous surgery. It cannot restore tissues currently compromised by cancer. TLM cannot bring back lubrication, it will not reverse soft tissue or chondro-osseous necrosis, and it does not 
improve edema or painful soft tissue induration after radiotherapy.

RESULTS OF TLM

After an open operation or radiotherapy, laryngeal cancer reappearing at the original site is properly designated as "local persistence" or "recurrence." Local recurrence is disease that reappears after the initial treatment program has been 
completed. In TLM, a "second look" is often a planned second phase of treatment. The discovery of residual cancer amenable to cure by laser resection at the time of the second look should not be listed as "local persistence" or "recurrence." 
These are diagnoses one would logically withhold until after a second look strategy has been completed (or after one has been refused). This convention would be similar to the standard for chemotherapy, where persistent cancer at the 
primary site is not considered a failure if only the first cycle has been given.

GOTTINGEN GROUP RESULTS

After first observing TLM by Wolfgang Steiner and Petra Ambrosch in 1996, and later by Heinrich Rudert in Kiel, Germany, the authors attempted to emulate these techniques in their own practices. Around that time, a comprehensive report 
on the
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results of TLM was given by Steiner and his colleagues at the European Federation of Oto-Rhino-Laryngological Societies (EUFOS) in Budapest. Because many North American laryngologists remain unfamiliar with this important 
presentation and, because our own combined experience in more than 400 TLM patients seems congruent with this original work, we have tried to summarize Steiner's data here.

His reports were based on 606 patients treated from 1979 to 1986 in Erlangen-Nurnberg or 1986 to 1993 in Göttingen. The last Erlangen entry was in January 1994, and the last Göttingen entry was in December 1995. The only exclusions 
were patients with simultaneous second primary cancers, thus not treatable for cure. Of the patients, 360 had early glottic cancer, 43 had early supraglottic disease, 147 had late glottic carcinoma, and 56 had late supraglottic cancer. The T 
distributions were pTis ; 45 patients, pT1 ; 228 patients, pT2 ; 231 patients, pT3; 69 patients and pT4; 33. As might be expected, the Tis and T1a cases did extremely well and will receive no further comment.

Attempting to reclassify all of Steiner's glottic cases as "very early" (pTis or pT1a for 236 patients) and "early" (pT1b pT2a for 124 patients), there were 18 recurrences (15%) in the 124 "early" cases. Among the 26 pT1b glottic cancer patients, 5 
local tumors recurred. Of the 98 patients with pT2a glottic cancers, 13 experienced recurrences. Combining the very early and early patients, there were 35 recurrent cancers amongst 360 TLMs. Of these 35 recurrences, 5 occurred more than 5 
years after initial treatment (thus possibly were second primaries).

Of the 35 patients, 27 were salvaged by functional surgery, mainly by transoral laser micro-re-resection. Eight patients proceeded to laryngectomy. Of the 360 (0.5%), 2 died from the glottic cancer. Six developed neck metastases, 3 with 
their primary controlled and 3 with recurrent cancer at the primary site. During the course of their follow-up, 23 patients (6.4%) developed second primaries, and 16 (5%) died of their second primary. The commonest cause of death in the 
whole group was intercurrent disease—64 patients (17.5%). The 5-year Kaplan-Meier survivals were 87% for the "very early" glottic group and 83% for the "early" cases. TLM preserved voice in 352 of the 360 patients (98%), and was 
judged to be of satisfactory quality in 90%. One patient bled. No one needed a tracheotomy.

Steiner reported 43 previously untreated patients with supraglottic cancers. Of these, 18 (42%) underwent TLM to the primary only. Of the 43 patients, 23 (53%) also had open surgery on their neck. Two (5%) received postoperative 
radiotherapy. Again, trying to apply our clinical definitions to Steiner's supraglottic cases, we judged none to be "very early," 10 to be "early," and 33 to be "intermediate." Only 4 (9.5%) developed a local recurrence (or second primary) 
within 5 years, and 3 of these were salvaged by functional operations (1 open supraglottic laryngectomy and 2 transoral laser re-resections). No one lost their larynx. Five (12%) died from their supraglottic cancer—1 who refused treatment 
of a local recurrence, 1 who was never controlled in the neck, and 3 with distant metastases. In addition, 5 (11.3%) developed second primaries, 2 (5%) ultimately fatal. Six supraglottic patients (14%) died of intercurrent disease, while in 1 



patient the cause of death was unknown. As in the glottic cancer patients, intercurrent disease placed ahead of laryngeal cancer as a cause of death. The 5-year Kaplan-Meier overall survival was 73%.

Of the 43 patients undergoing laser supraglottic resection, 36 (84%) required a feeding tube. One received a tracheotomy at the time of the laser surgery, and 1 needed a tracheotomy postoperatively. Two patients with dyspnea (5%) required 
assistance, including one of the temporary tracheotomies. The other was managed by lasering. Two with aspiration required treatment, 1 by tracheotomy to allow a cuffed tube, the other by conservative means. Two patients (5%) had 
bleeding, and 1 of these had to be returned to surgery for cautery under general anesthesia.

TLM was used for glottic cancer staged T2b and above in 147 patients in Steiner's report. There were 93 pT2b glottic cancers, 40 pT3 , and 14 pT4 . Using our clinical classification, this was about 93 early or intermediate and 54 intermediate or 
advanced. Ninety (61%) were TNM stage 2, 38 (26%) stage 3, and 19 (13%) stage 4. Ninety-five (65%) of the 147 glottic patients received laser treatment of the primary (only). Thirty-two (22%) were treated with TLM at the primary site 
plus open surgery in the neck. Four more (3%) underwent TLM and radiotherapy. Eight (5%) had laser micro resection, neck surgery, and postoperative radiotherapy. All in all, 40 patients (27% of the "T2b and above" glottic cancer patients) 
underwent neck dissections, mainly selective dissections of levels 2 and 3. Twenty patients (14%) received radiotherapy after surgery.

Amongst the 147 patients treated by TLM for early/intermediate/advanced glottic cancer, there were 45 local recurrences (including possible second primaries). The 5-year Kaplan-Meier survival overall was 59%. During 40 months, the 
recurrence rates broken out by clinical stage ran as follows: 28 of the 93 patients with early and intermediate glottic cancer and 17 of the 54 intermediate to advanced. Seven patients developed neck metastases in addition to their recurrence 
at the primary site. One grew nodal
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disease without a primary recurrence. Three (2%) patients acquired distant metastases.

In the entire 147 patients undergoing TLM for T1b early or T2 intermediate or T3 advanced glottic cancer, 45 developed local recurrences. In 21, this lead to a total laryngectomy, 8 of whom also received postoperative radiotherapy. Four 
patients received open vertical partial laryngectomies. Ten were salvaged by TLM, and 6 more were salvaged by TLM and radiotherapy. Four of the patients who developed local recurrences received palliative care only. Thirteen of the 93 
early/intermediate cases and 12 of the 54 patients with intermediate/advanced cancer died from their glottic disease. Thus 25 (17%) of the 147 patients with larger tumors died. Only 11 of the 25 died of local/locoregional recurrence. One 
died from regional recurrence alone, and 13 died from distant metastases. The number of second primaries was 14 (9.5%), with only 1 in the head and neck. Ten patients (7%) died of a second primary and 29 (20%) died of intercurrent 
disease. Once again, intercurrent disease beat glottic cancer treated by TLM as the cause of death in these patients.

Steiner's report to EUFOS included 56 patients with higher TNM stage supraglottic cancer. One had pT1 local disease, 7 had pT2 , 29 had pT3 , and 19 had pT4 . Therefore, 48 of 56 patients had pT3 or pT4 supraglottic cancer. Eight (14%) 
underwent only TLM. One (2%) had TLM and radiotherapy. Of the 56 supraglottic TLM patients, 47 (84%) also received neck surgery, mainly of selective dissection of levels II and III. Twenty six (46%) had neck surgery only; 21 (37.5%) 
had postoperative radiotherapy as well. In the whole group of 56 patients with higher stage supraglottic cancer, 22 (39%) had radiotherapy after surgery. Of the 56, 11 (19.5%) developed local recurrences (or second primaries). Eleven 
patients developed neck metastases, 5 with their primary controlled, 6 with recurrence at the primary site (locoregional recurrence). Of these, 3 also developed distant metastases.

No local recurrence was salvaged with an open partial laryngectomy. Three were salvaged with radiotherapy and 6 patients required a total laryngectomy, 2 also receiving postoperative radiotherapy. Two patients with recurrence received 
palliative treatment only. The overall 5-year Kaplan-Meier survival for these patients with higher stage supraglottic cancer (where the primary was treated by TLM) was 50%.

In Steiner's 1996 series, 48 patients had pT3 or pT4 supraglottic cancers. Complications in this group included 3 patients with early stenosis. One was lasered. Two required a permanent tracheostomy. Five patients suffered significant 
aspiration, leading to total laryngectomy in 3. One responded to a temporary cuffed tracheotomy, and 1 accepted a gastrostomy tube. Four patients experienced bleeding that required endoscopic coagulation under general anesthesia.

In the pT3 /pT4 supraglottic cancer group, 11 recurrences (or second primaries) (23%) appeared. Six patients with recurrence (12.5%) were laryngectomized (2 with postoperative radiotherapy). Nine second primaries (16%) arose, 4 in the 
head and neck. Of these patients, 7 (12.5%) died from their second primary. Six patients (11%) died of intercurrent disease. Of the patients, 13 (23%) died from supraglottic cancer; 4 from local/locoregional recurrence, 5 of regional 
recurrence, 4 from distant metastasis, and 1 of causes unknown. Notice that, if TLM failed locally in pT3 or pT4 supraglottic cancer, half the patients required a laryngectomy (6 of 11 or 55%). And again, intercurrent disease and second 
primary cancers combined to cause death as often as locally advanced supraglottic cancer treated primarily with TLM.

For interested readers, Steiner also reported his TLM results for pyriform cancer to EUFOS.[73] Of 103 previously untreated patients with hypopharyngeal cancer, mainly pyriform, 63 patients had pT2 cancers and 14 had pT3 . Sixty percent had 
proven neck disease. Steiner excluded patients with simultaneous second primaries, very advanced neck disease (N3), or distant metastases (i.e., not treatable for cure). All patients underwent TLM, but 75% also had neck surgery and 50% 
had postoperative radiotherapy. Of these 103 patients, 93 were controlled locally—there were only 10 local recurrences during a 44-month mean follow-up period. The 5-year Kaplan-Meier survivals mirrored supraglottic cancer (69.2 % for 
combined stage I and II, 52.5 % for stage III and IV), validating Krishaber's classic differentiation of "intrinsic" vs "extrinsic" disease. More laser surgery, open surgery, and radiotherapy were used to address failure. Eighteen patients (17%) 
died from pyriform cancer. Nearly as common (as causes of death) were intercurrent disease (16, or 15%) and second primaries (13 deaths amongst 16 second primaries or 13% of the total group).

CONCLUSIONS

TLM is not cancer surgery through a keyhole. In fact, it has oncologic advantages. The diagnostic component supports accurate verification of the tumor extent. The patient receives not the largest resection, but the most logical resection. The 
strategy of "follow the tumor" reduces the risk of undertreatment. Tissues adjacent to the resection site do not require dissection, which ensures preservation of the local microcirculation—the optimum precondition for adjuvant radiotherapy. 
And TLM leaves behind an
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open resection site—no chance to bury residual cancer cells, and all the better in follow-up.

TLM offers meaningful functional advantages—fewer tracheotomies, no fistulae, less disfigurement, less pain (nurse's observations), earlier swallowing, and a lower risk of over treatment. It also carries certain socioeconomic advantages—



reduced treatment costs from the shorter length of stay and the low rate of retreatment (for local control). TLM is a repeatable treatment (radiotherapy is not). And TLM anticipates the real problem of second primaries. After TLM, all 
treatment options remain.

Some things have changed with the introduction of TLM and others have not. Time spent in the operating room for example—it takes us just as long to perform a transoral resection as an open one. More time is spent on the resection and the 
frozen sections. Less time is spent on open approaches and closures. The indications for and performance of neck dissection remain the same. The only variation is the greater opportunity to stage the neck. The indications for adjunctive 
radiotherapy remain the same. And of course, so does the need for expert anesthesia, and skilled postoperative care.

In the United States, opinions once held that TLM should never be done, because it contravened oncologic principles—transected cancer, burned specimen margins, and replaced brilliant reconstructive techniques with healing by secondary 
intention. Now TLM is receiving more and more attention. Block excision can be seen as just a tactic to spill no viable cancer in the wound, and TLM as a strategy that supports this goal, but with a different tactic. It turns out that 
pathologists can read laser micro resection specimens well. There are more specimens to study, and the surface coagulation is only several cells deep—less than what electrocoagulation will sometimes produce in an open surgery specimen. 
Secondary intention healing is no longer seen as a disadvantage, as TLM selects patients for whom secondary intention healing provides excellent results.

Of course, not all change is progress. Predictions that laser surgery would (or should) produce miracles, because laser technology was new, easier, faster, and bloodless, were clearly exaggerations. TLM is a demanding endoscopic 
intervention and a complex resection, with no savings in time and its own special set of challenges. Bleeding does occur. It can stop the laser in its tracks. Cautery and hemo clips remain entirely necessary. Laser surgery does require us to 
invest in new equipment and accept new safety regulations. Laboratory evidence of oncologic efficacy still lags, but it may be a bit late for animal evidence, given the excellent cure rates reported in actual human application.[60] [71] [74] Detailed 
documentation of quality-of-life outcomes is starting to come. The TNM system retains its due respect as a reporting system, but we feel we have better concepts to guide initial treatment selection. Some will claim long-term 
multiinstitutional cooperative trials have supported other modalities in the United States[15] [86] and not TLM. But chemoradiation is for very advanced cancers by protocol, properly not the patients transoral laser surgery generally treats. TLM 
does not rule out chemotherapy or radiation whenever they can add to the outcome. Radiotherapy cannot be used until a direct laryngoscopy and biopsy have been done, and this is usually a perfect opportunity for laser micro resection.

Cartilage involvement and subglottic extension were once thought to constitute contraindications to TLM, but this turns out not to be so. Margins are not unobtainable just because the thyroid cartilage is involved. Laser micro resection of the 
arytenoid was predicted to cause inevitable intolerable aspiration, but again, this proves to be a strong overstatement. Subglottic resection is challenging but now special techniques and special endoscopes[87] [90] are available to overcome the 
limits on exposure.

TLM is eminently suited to the treatment of laryngeal cancer because squamous carcinoma starts in the epithelium and the epithelium is accessible through the mouth. The tumor needs to be accessible to endoscopy, but it does not need to be 
completely exposed in a single field of view. The cancer will need to be completely resected, with negative margins, but it will not need to be removed in one single piece. The resection site will need to have the time and conditions to heal 
by secondary intention, and the support to resist stenosis—but it will not require primary closure. T stage in and of itself does not rule out TLM as worthy of consideration. In a series of laryngeal cancers involving the anterior commissure,[46] 
transoral laser excision was valid in selected carcinomas staged pT2 b, and a small number of pT3 and pT4 anterior commissure cancers were also treated successfully.

In patients with very early laryngeal cancer, suspension micro laryngoscopies and laser excisional biopsies might best be considered "beginners TLM." When possible, it avoids 6 weeks of radiotherapy.

In early glottic cancer, TLM virtually replaces conventional VPL and hemilaryngectomy in our practice. We have experienced the same for early supraglottic cancer. TLM basically puts conventional HSL out of business. (The minimum 
prerequisite is at least one mobile arytenoid cartilage.)

TLM challenges supracricoid laryngectomy, and it replaces partial laryngeo-pharyngectomy (Ogura's "PLP"[42] ). Laryngeal cancer extension outside the
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framework contraindicates TLM but in cases of doubt, this decision can be made during treatment, because endoscopic surgery can always be converted to open surgery. The need for reconstruction is considered a relative contraindication to 
TLM. But the vertical closures familiar in HSL and SCPL have not proven necessary in patients treated by TLM.

TLM probably has a role to play in some (few) advanced laryngeal cancers, but the arytenoid complex must be preserved bilaterally to resist aspiration. It otherwise has only a subsidiary role—to prepare for open NTL—by "pre-release" 
edge selection, and the clarification of where the laryngeal lumen can be entered with safety.

TLM has no role in very advanced laryngeal cancer, except possible palliative relief of airway obstruction until definitive open laryngectomy.

Transoral laser microsurgery is clearly one of the important treatment options for squamous cell cancer of the larynx. Advantage is taken of the operating microscope, laser micromanipulators, and advanced laryngoscopic instrumentation to 
provide the most logical tumor resection, the least loss of normal tissue, and the best opportunity to follow tumor extension beyond what was visible in the office and to the scanners. With fewer tracheotomies, shorter hospitalizations, and no 
limitation on additional treatment, laser resection seems to combine the promise of the "light scalpel" with endoscopic advances and the realities of laryngeal cancer. For many patients, transoral laser micro resection can provide the optimum 
combination of cure and quality of life.

APPENDIX ON THE CLINICAL CLASSIFICATION USED IN THIS CHAPTER

"Early" and "advanced" were ancient designations intended to differentiate whether the cord was fixed. Fixation meant advanced, which meant total laryngectomy. Early glottic cancer had two operations: resection via direct laryngoscopy or 
laryngofissure and cordectomy. Early meant a low volume of cancer and a reasonable prospect of cure by radiotherapy. Advanced meant radiation usually failed, and surgery would usually be required. But sometimes radiotherapy worked 
and avoided a total laryngectomy.

Some early cancers were so favorable they could be cured by a biopsy. This could falsely inflate treatment results—irradiation after an excisional biopsy would invariably produce a "cure." Therefore this subgroup was given its own 
category, namely "very early."

Conservation surgeons recognized that some cases with a fixed cord could have less than a total laryngectomy. These types of cancers kept the name advanced, but those cancers that everyone agreed had no chance with anything less than a 
total laryngetomy came to be called "very advanced."



A clinical classification of local laryngeal cancer thus evolved. There were four categories, very early, early, advanced, and very advanced. Early could be handled by classical conservation operations like the vertical and horizontal partials. 
Advanced was defined as lateralized cancer pervading one paraglottic space and sparing enough mobile innervated glottic tissue on the contralateral side to make a voicing shunt. The cord was fixed but advanced could be controlled by a 
near-total laryngectomy.

Naturally, some laryngeal cancers fell in between a supraglottic laryngectomy and a near-total laryngectomy. We called them "intermediate" (between early and advanced). As it happens, these cancers fit the supracricoid partial 
laryngectomy block quite nicely.
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Chapter 102 - CONSERVATION LARYNGEAL SURGERY

Ralph P. Tufano 
Gregory S. Weinstein 
Ollivier Laccourreye 

INTRODUCTION

There are a variety of open surgical approaches available that, when applied for the appropriate indications, have an excellent ability to control laryngeal cancer while conserving laryngeal function. Conservation laryngeal procedures are 
historically the original "organ preservation" techniques; the first hemilaryngectomy for malignancy was performed by Billroth in 1874.[159] Long before nonsurgical approaches were available to attempt to preserve the entire structure of the 
larynx, innovative surgical techniques were being used to remove enough of the larynx to allow for local control of the malignancy while preserving adequate structure to allow the larynx to function.[154] There exists a spectrum of laryngeal 
malignancies for which there is a complementary spectrum of conservation laryngeal procedures available. This chapter will review the open conservation laryngeal procedures in the organ preservation surgical paradigm available for 
managing the spectrum of selected glottic, transglottic, and supraglottic carcinomas. These techniques allow for the maintenance of physiologic speech and swallowing without the need for a permanent tracheostoma. The modern head and 
neck surgeon must have a comprehensive understanding of both surgical and nonsurgical organ preservation strategies to allow for the most comprehensive care in the treatment of the patient with laryngeal cancer.

Although the origins of conservation surgery of the larynx are more than a century old, during the second half of the last century, the conservative options were limited to vertical hemilaryngectomy and supraglottic laryngectomy. The 
inherent limitations of these procedures in terms of indications led to these procedures losing favor among many physicians with experimental approaches, with chemotherapy and radiation dominating the management of advanced laryngeal 
cancer. Then, in the last decade of the 20th century in the United States, the introduction of supracricoid partial laryngectomies as well as the introduction of endoscopic laser resections created a renaissance in surgical organ preservation for 
laryngeal cancer. At present, this surgical renaissance in organ preservation surgery for laryngeal cancer has evolved into the standard of care for the 21st century.

The common thread in the history of conservation laryngeal surgery is that these procedures were first developed outside the United States and then imported to its shores. Improvements in antibiotics and anesthetic techniques fostered the 
development of conservation laryngeal surgery.[109] Vertical hemilaryngectomy, which was first described by Billroth[159] in Germany and popularized in Europe by Leroux-Robert and Portmann,[127] was refined in the United States by Som,[147] 
Norris, [117] and Conley.[32] A French surgeon named Huet described a procedure in which a portion of the supraglottis was excised without the upper portion of the thyroid cartilage in 1938.[53] Later, a Uruguayan surgeon named Alonso extended 
this procedure to resect the upper portion of the thyroid cartilage together with the supraglottic structures, thereby defining the supraglottic laryngectomy.[2] [3] The supraglottic laryngectomy was popularized in Europe by Bocca[17] and in the 
United States by Ogura,[118] Som,[147] and Kirchner.[69] The supracricoid laryngectomies originally were described in 1959 by the Austrian surgeons Majer and Reider[98] approximately one decade after Alonso had described the supraglottic 
laryngectomy. [2] The supracricoid laryngectomies were later promoted in Europe by Labayle[72] and Piquet[129] and were imported to numerous institutions in the United States during the 1990s. [82] 

The first of two major classes of techniques that developed was the vertical partial laryngectomy, in which entry into the endolarynx is through a vertical thyrotomy, the most notable example of which is the vertical hemilaryngectomy. The 
second major class of
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techniques is the horizontal partial laryngectomy, in which endolaryngeal entry is made through a transverse or horizontal thyrotomy (i.e., supraglottic partial laryngectomy). During the 1960s through the 1980s, innovative surgeons * reported 
numerous small series of patients in which the indications and extent of resection of these basic techniques were extended in an attempt to manage larger lesions. The commonalities among these series were: (1) the relatively small numbers 
of patients; (2) variable local control rates compared with the strict previous indications for the procedure that was being extended; and (3) complex reconstructions requiring cartilage and mucosa rotation flaps with variable functional results. 

† These variable results made it difficult for other surgeons to use these extended procedures in the treatment of larynx cancer. Despite these innovations of the pioneers of conservation laryngeal surgery, the techniques that most surgeons 
became facile with, as reflected by the large numbers of series in the literature, were the standard vertical hemilaryngectomy and standard supraglottic laryngectomy. A common surgical solution in the United States for lesions considered too 
large for these standard conservation laryngeal procedures was total laryngectomy, with the innovations being in the area of alaryngeal speech and speech shunt development.[125] [143] 

In many European countries, laryngectomy, with its concomitant permanent stoma, was considered an anathema to be avoided when possible, and a different approach evolved. In 1959 in Austria, Majer and Reider[98] reported on a new 
horizontal partial laryngectomy technique in which the entire thyroid cartilage, true cords, false cords, and all or a portion of the epiglottis and preepiglottic space were resected. The reconstruction was with a pexy either between the cricoid 
and hyoid (cricohyoidopexy) or between the cricoid and the remaining epiglottis and hyoid (cricohyoidoepiglottopexy). This procedure, known as the supracricoid partial laryngectomy, allowed for a complete resection of the preepiglottic 
and paraglottic spaces and of the surrounding cartilage and soft tissue, resulting in higher local control in glottic, supraglottic, and transglottic cancers that equaled total laryngectomy, resulting in speech and swallowing without a permanent 
tracheostomy. Unlike the plethora of extensions of the vertical partial laryngectomy and the supraglottic laryngectomy, the supracricoid laryngectomies were repeated in many patients by numerous European centers during the 1970s through 
the 1990s with consistently excellent local control and functional results. ‡ 



CONSERVATION LARYNGEAL SURGERY TODAY

Although conservation surgery of the larynx had its origins in the 19th century, the standard of care in the 21st century dictates that when vertical partial laryngectomy, supraglottic laryngectomy, or supracricoid laryngectomy are alternatives 
for a given patient, these options should be discussed with the patient. In most cases, it is the general otolaryngologist-head and neck surgeon who makes the diagnosis of laryngeal cancer, and therefore these are frequently the physicians 
who first counsel the patients concerning their treatment options. Standard of care dictates that a discussion based on the literature be given to the patient concerning both surgical and nonsurgical approaches to organ preservation. A 
physician will sometimes argue that since "I don't do these procedures," he or she will send the patient to the radiation therapist—but this may not be in the best interest of the patient.

An analogy can be made with free tissue reconstruction surgery. If a patient has a large jaw carcinoma and the superior option from the oncologic and functional perspective is a free flap, we would not offer him or her a lesser surgical 
procedure or chemotherapy and radiation. The patient would be sent to a surgeon with a special expertise in free flap surgery. This is possible because, in the last 20 years, a cadre of head and neck subspecialists have cropped up that have a 
particular interest and expertise in performing free flap surgery. In fact, over the last decade we have witnessed a similar phenomenon in the United States in the area of organ preservation surgery for laryngeal cancer. A subspecialty niche 
has developed within the field of head and neck surgery in which the surgeon has a special expertise in open and endoscopic approaches for laryngeal organ preservation in the face of laryngeal cancer.

The focus of this chapter is to provide the general otolaryngologist-head and neck surgeon with an introduction to these techniques. This information is important because it is the responsibility of the general otolaryngologist-head and neck 
surgeon to understand the indications for the full spectrum of open and endoscopic organ preservation surgical approaches and either gain the expertise to perform these procedures or refer the patient to surgeons who have this subspecialty 
interest.[174] 

During the 1970s and 1980s, the functional and oncologic results after supraglottic laryngectomy were reported in numerous series in the United States, defining the role of this technique among the plethora of surgical and nonsurgical 
options available for supraglottic carcinoma.[39] [91] [146] During the same period and into the 1990s, the role of vertical partial laryngectomy for glottic carcinoma has been reexamined

*References [13] [15] [26] [28] [44] [120] . 
†References [13] [15] [26] [28] [44] [110] [120] [140] . 
‡References [20] [46] [56] [73] [99] [100] [126] [129] [130] [133] [165] . 
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because of advances in nonsurgical and laser endoscopic approaches to similarly staged disease.[57] [109] In the 1990s, the supracricoid laryngectomies were imported to numerous institutions in the United States, and the European functional 
results have been reproduced.[82] [168] [172] The supracricoid laryngectomies have broadened the spectrum of reliable techniques available to the conservation laryngeal surgeon.[109] 

At present, a renaissance is occurring in the United States in the area of conservation laryngeal surgery. Many factors have fostered the rekindled interest in conservation laryngeal surgery, including: (1) a clearer understanding of the three-
dimensional extent of laryngeal carcinoma, which has stemmed from numerous clinicopathologic studies and from advances in radiologic techniques; (2) numerous long-term studies of outcome after the application of a broad spectrum of 
techniques; and (3) the introduction of new techniques during the past two decades. Today, there are a variety of techniques available for selected laryngeal malignancies, with predictable functional and oncologic outcome based on analyses 
in the literature of many patients. The full spectrum of surgical techniques allows the surgeon to consistently offer patients, with selected lesions, excellent local control that will result in speech and swallowing without the need for a 
permanent tracheostoma. This may provide the patient with an alternative to nonsurgical organ preservation modalities. There are organ preservation principles to which the surgeon must adhere to maximize both oncologic and functional 
outcome. Conservation laryngeal surgery is precision surgery, [34] and to achieve successful oncologic and functional results, the conservation laryngeal surgeon should have a firm grasp on the clinical assessment of laryngeal cancer and a 
complete understanding of the surgical techniques. The art of correctly staging the lesion as one appropriate for a conservation laryngeal procedure requires an in-depth knowledge of both the static and dynamic anatomy of the larynx and 
how the tumor relates to it.

ANATOMY, PHYSIOLOGY, AND TUMOR SPREAD

In 1966, Bocca elegantly stated that, "often cancer seems to have limits, while the surgeon seems to have none. We should make efforts to force upon our knife the same limits as those which surrounding tissues or structures force upon 
cancer and its spread."[17] Bocca's eloquent statement underscores that successful outcome in conservation laryngeal surgery is predicated on a thorough knowledge of the pertinent surgical anatomy and on an understanding of the behavior of 
the malignancy in a particular anatomic site. Much of what is known concerning the three-dimensional spread of malignancy through the larynx has been derived from clinicopathologic studies in which the entire larynx was sectioned. These 
whole organ section studies are the basic science foundation for clinicians performing conservation laryngeal surgery.

The surgical anatomy of the larynx can be understood in terms of the skeleton and connective tissue barriers, the spaces delineated by these structures, and the soft-tissue structures, which include the fat, musculature, vessels, nerves, and 
adnexa that fill these spaces. The skeleton of the larynx ( Figure 102-1 ) is dominated by the thyroid cartilage, which articulates posteriorly and inferiorly through the inferior cornua with synovial joints on the posterolateral aspects of the 
cricoid cartilage. A thick tendon originates from the superior cornua and attaches to the lateralmost aspect of the "crown" of the larynx, the hyoid bone. Anteriorly there is a notch, and the lateral aspect of the laminae is traversed by the 
oblique line, which is the point of attachment of the strap musculature. The extension of cancer into the thyroid cartilage tends to occur in areas of ossification of the cartilage.[47] The mode of invasion into the ossified bone has been attributed 
to osteoclast formation,[128] extension along collagen bundles,[178] or through areas of high vascularity.[122] The most common site of invasion of the thyroid cartilage was at the angle,[88] although other sites of predilection for carcinoma invasion are 
the points of attachment of the cricothyroid membrane and the anterior origin of the thyroarytenoid musculature. [178] The perichondrium provides an excellent barrier to invasion, and once the carcinoma is within the cartilage, the cancer can 
extend throughout the 

 
Figure 102-1 Skeletal structure of the larynx. 



 

Figure 102-2 Conus elasticus. 

 

Figure 102-3 The thyrohyoid membrane. 

 

Figure 102-4 The quadrangular membrane. 

 

Figure 102-5 The preepiglottic space. 



 

Figure 102-6 The paraglottic space. 

 

Figure 102-7 Connective tissue barriers within the larynx. 

 

Figure 102-8 Entire section through the cricoarytenoid joint with fixation of the true cord and the arytenoid revealing cricoarytenoid joint invasion. 



 

TABLE 102-1 -- LOCAL RECURRENCE AFTER VERTICAL HEMILARYNGECTOMY FOR T1 GLOTTIC CARCINOMA

Author Year T1 LR LR (%)

Thomas and others[144] 1994 94 •8 9

Lui, Ward, and Pleet[88] 1986 24 •1 4

Bailey and Calcaterra[6] 1971 9 •0 0

Mohr, Quenelle, and Shumrick[100] 1983 25 •2 8

Laccourreye and others[74] 1991 146 16 11

Rothfield and others[130] 1989 54 •2 4

LR, Local recurrence.
 
in 7 of 8 of these patients, the recurrence was in the subglottis.[68] When the anterior commissure is involved by cancer, a wide surgical margin is indicated in the subglottis. Another factor that portends poor local control is extension beyond 
the confines of the glottis or impaired mobility.

Mohr and others[107] reported the highest local control in the literature for T2 glottic carcinoma after extended vertical hemilaryngectomy, but the authors included only T2 lesions with impaired mobility and excluded lesions that extended 
beyond the midventricle (only five patients) or beyond 5 mm into the subglottis because of the known high local failure rate for these lesions.[107] Subglottic extension has been associated with cricoid cartilage invasion, which is not resected in 
the standard vertical hemilaryngectomy.[45] Extension into the supraglottis through the ventricle should alert one to the possibility of thyroid cartilage invasion, which may account for the higher local recurrence in this patient group.[107] The 
difficulty in managing T2 glottic carcinoma with vertical hemilaryngectomy was noted in a number of series  

TABLE 102-2 -- RECURRENCE AFTER VERTICAL HEMILARYNGECTOMY FOR T2 GLOTTIC CARCINOMA

Author Year T2 LR LR (%)

Lui, Ward, and Pleet[88] 1986 14 •2 14

Bailey and Calcaterra[6] 1971 18 •3 17

Mohr, Quenelle, and Shumrick[100] 1983 27 •1 4

Kirchner and Som[58] 1975 58 •8 14

Som[138] 1975 104 25 24

Biller, Ogura, and Pratt[10] 1971 58 •3 5

Laccourreye and others[74] 1991 102 26 26

Johnson and others[51] 1993 31 •7 23

LR, Local recurrence.
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that had local failure >20%,[55] [87] [146] and six of the eight series in the English language literature that correlated local recurrence with T stage reported a local recurrence rate of >14% ( Table 102-2 ). One cause for impaired cord mobility is 
varying degrees of thyroarytenoid muscle invasion within the paraglottic space, which, in the authors' opinion, may account for the higher local failure rates in vertical hemilaryngectomy in which the paraglottic space is routinely transected.
[66] 

The local control after the management of T3 glottic carcinoma with vertical partial laryngectomy has yielded variable local failure rates ranging from 0% to 46%, with four of the eight series reporting local failure rates of >36% ( Table 102-
3 ). This finding may be related to the fact that many cases may be understaged[111] and may have thyroid cartilage invasion, which routinely is partially resected during vertical hemilaryngectomy.

The authors' analysis reveals that consistently excellent oncologic results can be expected for T1 glottic carcinomas involving the mobile membranous vocal cord, although once the anterior commissure is involved or if there is extension 
beyond the glottis or impaired cord mobility, vertical hemilaryngectomy should be used cautiously. On the basis of the authors' review of the oncologic results in the literature, they do not recommend vertical hemilaryngectomy for those 



with advanced T2 lesions or any T3 or T4 glottic carcinomas.

Surgical technique.

A tracheostomy routinely is performed. A horizontal skin incision is used that is separate from the tracheostomy site. The midline raphe between the strap muscles is dissected from the cricoid cartilage to just above the superior aspect of the 
thyroid cartilage. When feasible, the authors prefer  

TABLE 102-3 -- LOCAL RECURRENCE AFTER VERTICAL HEMILARYNGECTOMY FOR T3 GLOTTIC CARCINOMA

Author Year T3 LR LR (%)

Lesinski, Bauer, and Ogura[87] 1976 18 3 17

Bailey and Calcaterra[6] 1971 4 0 0

Biller and Lawson[14] 1986 11 4 36

Mohr and others[100] 1983 5 0 0

Som[138] 1975 26 11 42

Kessler and others[56] 1987 27 3 11

Mendenhall and others[97] 1984 13 6 46

Kirchner and Som[60] 1971 22 9 41

LR, Local recurrence.
 
to resect the window of thyroid cartilage adjacent to the vocal cord, allowing reconstruction through imbrication laryngoplasty.[132] The external thyroid perichondrium is scored in the midline with a blade, and the perichondrium is elevated as 
a single flap in continuity with the strap musculature. This is done with an elevator such as a Freer and by cutting the perichondrium sharply with a knife at its superior and inferior attachments to the thyroid cartilage. A variety of techniques 
have been described in which varying amounts of ipsilateral thyroid cartilage is excised, ranging from no cartilage[6] to the entire ipsilateral ala.[146] The authors use the technique described by Pleet and others,[132] in which a window of cartilage 
is outlined with a marker lateral to the level of the true vocal cord. The inferior aspect of the resected cartilage begins approximately 5 mm above the inferior aspect of the thyroid cartilage, and the resected portion is approximately 1.5 cm in 
height.[95] It extends from the midline to the posterior aspect of the thyroid cartilage. At this point, the midline thyrotomy and other cuts are made with a knife, drill, or a saw, depending on the degree of calcification of the thyroid cartilage and 
the preference of the surgeon. A No. 15 blade is used to make a midline vertical cricothyrotomy.

At this point, the patient is paralyzed, the cords are held apart from below with a mosquito clamp, and a No. 12 blade is used to gently transect the anterior commissure, as in laryngofissure and cordectomy. The true and false cords are 
separated sharply up to the level of the petiole of the epiglottis. The cancer is visualized. The soft-tissue resection is accomplished with a No. 15 blade for the anterior and posterior cuts. A right-angled Beaver blade or small right-angled 
scissors are useful for the posterior cut.

 
Figure 102-9 Imbrication laryngoplasty—reconstructive technique. 

 

Figure 102-10 Epiglottic laryngoplasty—undermining of the epiglottis in the preepiglottic space before closure. 



 

Figure 102-11 Supracricoid partial laryngectomy with cricohyoidoepiglottopexy—exposure of malignancy. 1, Arytenoid; 2, internal thyroid perichondrium; 3, vocal process; 4, inferior aspect of transected epiglottis; 5, thyroid cartilage; 6, 
petiole of the epiglottis; 7, false and true vocal cords. 

 

Figure 102-12 Supracricoid partial laryngectomy with cricohyoidoepiglottopexy—laryngoplasty using circumferential cricoid, hyoid, epiglottic, and tongue base sutures. 

 

TABLE 102-4 -- FUNCTIONAL OUTCOME AFTER SUPRACRICOID LARYNGECTOMY WITH CRICOHYOIDOEPIGLOTTOPEXY

Author Patients (n) Duration NG Func Laryn Func Laryn (%)

Guerrier and others[46] 58 9–50 1 1.7

Vigneau and others[165] 52 19 * 2 3.8

Traissac and Verhulst[156] 97 10–33 1 1.0

Piquet and Chevalier[129] 104 21–45 0 0

Laccourreye and others[76] 67 11–40 0 0



Piquet and others[127] 46 10–90 0 0

Pech and others[126] 17 10–40 0 0

Func laryn, Functional laryngectomy for aspiration; NG, nasogastric tube.
*Average duration. 

 
 
 
 

TABLE 102-5 -- ADVERSE RESULTS AFTER SUPRAGLOTTIC LARYNGECTOMY * 

Author Series Includes Extended Procedures SGL Permanent Gastrostomy (%) Death from Pneumonia (%) Functional Laryngectomy (%)

Herranz-Gonzales and others[48] N 110 0 (0.00) 0 (0.00) 1 (0.91)

Soo and others[148]  78 0 (0.00) 0 (0.00) 0 (0.00)

Hirano and others[50] Y 38 0 (0.00) 0 (0.00) 3 (7.89)

Burstein and Calcaterra[27]  40 0 (0.00) 0 (0.00) 1 (2.50)

Flores and others[42]  46 4 (8.70) 2 (4.35) 5 (10.87)

Lee and others[91]  60 1 (1.67) 1 (1.67) 3 (5.00)

Beckhardt and others[8]  49 2 (4.08) 1 (2.04) 4 (8.16)

Spaulding and others[150]  33 0 (0.00) 0 (0.00) 1 (3.03)

This table includes series that reported functional results.
*Includes all laryngectomies done for chronic aspiration. 

 
 
 
 

TABLE 102-6 -- THE THERAPEUTIC MANAGEMENT OF SUPRAGLOTTIC CARCINOMA

Author Period Patients Surgery (n) Patients Partial (n) Patients Total (n) Patients Primary RT (n) Surgery (%) Total (%)

Zamora and others[180] 1952–1985 445 258 187 75 0.86 0.42

DeSanto[39] 1971–1980 227 103 124 24 0.90 0.55

Lee and others[91] 1974–1987 190 65 125 211 0.47 0.66

Lutz and others[97] 1975–1986 202 72 130 99 0.67 0.64
 
 

TABLE 102-7 -- LOCAL RECURRENCE AFTER SURGICAL MANAGEMENT OF SUPRAGLOTTIC CARCINOMA

Author Patients Partial (n) LR Partial Patients Total (n) LR Total Overall LR

DeSanto[39] 103 3 124 6 0.04

Coates and others[31] 40 1 117 4 0.03

Lee and others[91] 65 0 125 — 0.00

Lutz C and others[97] 72 1 130 3 0.02

LR, local recurrence.
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The conservative surgical option among the patients in Table 102-7 (with the exception of five patients in the Mayo series who were treated with transoral epiglottectomy) was standard or extended supraglotic partial laryngectomy. The main 
use of the standard supraglottic laryngectomy is for those with selected T1 and T2 supraglottic carcinomas,[147] whereas its extensions are used for those with highly selected T3 and T4 cancer.[19] 

Horizontal Partial Laryngectomies

Supraglottic laryngectomy

Oncologic results.



When series of supraglottic laryngectomy from the United States were analyzed, it was noted that the local recurrence varied from 0% to 12.8%, with seven of eight of the large series having a local control of 90% or higher. * When local 
recurrence after supraglottic laryngectomy was analyzed by T stage, one saw consistently high local control for selected T1 and T2 lesions but an extremely variable success rate for those with T3 and T4 lesions, with local recurrence rates as 
high as 75% for the former and 66.7% for the latter ( Table 102-8 ). It is not clear from the literature which patients with specific T3 or T4 lesions were at highest risk for recurrence; therefore, until this is evaluated further in the literature, 
supraglottic laryngectomy should be performed with caution for those with highly selected T3 and T4 lesions of the supraglottis. Lee and others[91] noted improved local control among intermediate-sized supraglottic carcinomas with the 
addition of postoperative radiotherapy after supraglottic laryngectomy, although the tradeoff for local control seemed to be decreased functional results after extended supraglottic laryngectomy and radiotherapy in that series. Nonetheless, 
supraglottic laryngectomy provides consistently excellent oncologic results among patients with selected T1 and T2 lesions. The authors' recent analysis of the extension of supraglottic carcinoma to the glottic level revealed a statistically 
significant increase in glottic involvement for those with lesions with impairment of the vocal cord or involvement of the ventricle.[175] These findings support the contentions that extension below the false cord and impaired cord mobility are 
contraindications for supraglottic laryngectomy.[108] 

Surgical technique.

The authors perform an apron incision, in line with the tracheostomy, and routinely perform bilateral modified neck dissection. The main trunk of the superior laryngeal nerve should be spared bilaterally in the nonextended supraglottic 
laryngectomy. The fascia between the strap muscles at the level of the superior aspect of the thyroid cartilage is divided. In addition, the fascia between the strap muscles is divided inferiorly, and the thyroid isthmus is transected and ligated 
routinely. The intervening fascia between the strap muscles is left intact. The sternohyoid and the thyrohyoid muscles at the superior border of the thyroid cartilage are divided, with care taken laterally to avoid damaging the superior 
laryngeal nerves. The constrictor muscles are sharply cut at the posterior and superior edge of the thyroid cartilage laterally all the way to the top of the superior cornua. The superior edge of the thyroid cartilage is scored with a knife, and a 
Freer elevator is used to elevate the periosteum off of the thyroid cartilage. The external thyroid cartilage perichondrium is elevated halfway down the cartilage from the superior edge to allow for the transverse thyrotomy to be made at the 
level just above the anterior commissure. The pyriform sinuses then are freed up bilaterally for endolaryngeal tumors, as is done in total laryngectomy, and unilaterally for tumors that involve the pyriform sinus. A tracheostomy is then 
performed. The next step in the procedure depends on whether the tumor involves the endolarynx alone or is in the vallecula.

The following is the standard technique for T1 and T2 endolaryngeal supraglottic carcinomas. If the tumor has not involved the vallecular mucosa and if it was not palpable beneath the vallecula mucosa in the preepiglottic space, then it is 
oncologically sound to spare the hyoid bone, and it is skeletonized from below with an electrocautery. The horizontal thyrotomy is made through the thyroid cartilage at the appropriate level with a sagittal saw. The vallecula is entered, and 
the epiglottis is pulled externally with an Allis clamp. The resection is done close to the epiglottis sparing both arytenoids. The cut is made anterior to the arytenoid cartilage bilaterally in a superior-to-inferior direction with one scissor blade 
in the laryngeal lumen and one scissor blade between the thyroid cartilage and the previously elevated internal thyroid perichondrium ( Figure 102-13 ). This will allow sparing of the pyriform sinuses bilaterally. The cut is brought down to 
the level of the ventricle, at which point the transection is made through the ventricle at right angles to the previously made transection in front of the arytenoid. The specimen then is removed for frozen section analysis.

The reconstruction is accomplished by first sewing either the remnant of false cord mucosa or the lateral aspect of the floor of the ventricle to the external perichondrium at the corresponding level of the remaining thyroid cartilage. The stitch 
should be placed to reposition the anterior commissure into normal position if necessary. There have been numerous reports

*References [27] [31] [39] [91] [97] [145] [147] [150] . 
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TABLE 102-8 -- LOCAL RECURRENCE VS T STAGE AFTER SUPRAGLOTTIC LARYNGECTOMY

Author T1 LR T1 LR T1 (%) T2 LR T2 LRT2 (%) T3 LR T3 LRT3 (%) T4 LR T4 LRT4 (%)

Bocca and others[19] 59 5 9 296 38 13 46 8 17 28 7 25

Burstein and Calcaterra[27] 3 0 0 20 3 15 16 1 6 1 0 0

Lee and others[91] 3 0 0 32 0 0 21 0 0 4 0 0

Alonso and others[1] 167 16 10    42 19 45 22 13 59

Spaulding and others[150] 4 0 0 16 0 0 4 3 75 9 6 67

Herranz-Gonzales and others[48] 37 3 8 55 2 4 8 0 0 10 1 10

LR, local recurrence.
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Figure 102-13 Supraglottic laryngectomy—superior to inferior of the false cord, to the level of the ventricle, anterior to the arytenoids. 



 

Figure 102-14 Supraglottic laryngectomy—laryngoplasty performed with three closure stitches circumferentially around the inferior half of the thyroid cartilage and submucosally into the tongue base, as is done in the supracricoid partial 
laryngectomies. 

 

Figure 102-15 Superior laryngeal lymph node dissection—exposure of the superior laryngeal nerve at the time of modified neck dissection. A, Internal jugular vein; B, omohyoid muscle; C, sternocleidomastoid muscle. 1, hypoglossal nerve; 
2, carotid artery; 3, superior laryngeal nerve; 4, transected proximal and distal ends of the superior thyroid artery. 

 

Figure 102-16 Supracricoid partial laryngectomy with cricohyoidopexy—exposure of malignancy. 1, Arytenoid; 2, external thyroid perichondrium; 3, vocal process; 4, thyroid cartilage; 5, epiglottis; 6, false and true cord. 



 

Figure 102-17 Supracricoid partial laryngectomy with cricohyoidopexy—laryngoplasty using three circumferential cricoid, hyoid, and tongue base stitches. 

 

TABLE 102-9 -- FUNCTIONAL OUTCOME AFTER SUPRACRICOID LARYNGECTOMY WITH CRICOHYOIDOPEXY

Author Patients Duration NG Func Laryn Func Laryn (%)

Labayle and Dahan[73] 101 ? 3 3.0

Piquet and others[129] 72 ? 3 4.2

Alajmo and others[1] 17 ? 1 5.9

Botazzi[20] 21 20–365 2 9.5

Pech and others[126] 32 33 * 2 6.3

Prades and others[133] 29 30 * 1 3.4

Marandas and others[99] 57 34 * 4 7.0

Junien-Lavillauroy and others[56] 37 33 * 4 10.8

Laccourreye and others[84] 68 13–70 0 0.0

Traissac and Verhulst[156] 25 20–56 3 12.0

Laccourreye and others[80] 19 13–29 0 0.0

Maurice and others[100] 43 17–120 1 2.3

Func laryn, functional laryngectomy for aspiration; NG, nasogastric tube.
*Average duration. 



 
 
 
tightening the sutures, the two lateral sutures are pulled taut, which places the trachea in its postoperative position, and the tracheostomy is performed in line with the skin incision. With the two lateral cricohyoidoepiglottopexy sutures under 
tension, the central pexy stitch is tied, followed by the two lateral stitches. The strap muscles are closed as a second layer closure with 3-0 Vicryl. A cuffed tracheostomy tube is put into place. The skin wound is closed in two layers, taking 
special care to separate the tracheostomy site from the remainder of the wound, with a subcutaneous stitch placed between the skin and the underlying strap muscles above the tracheostomy site.

Key surgical points.

The key surgical points are the same as those in supracricoid laryngectomy with cricohyoidoepiglottopexy.

Extended procedures.

The extension of the basic technique, as in supracricoid laryngectomy with cricohyoidoepiglottopexy, is the resection of one arytenoid.[75] 

Functional outcome.

When the world literature is analyzed, variability was noted in the duration of tube feedings with a range from 13 days[78] to 365 days ( Table 102-9 ). [20] The percent of patients undergoing functional laryngectomy for intractable aspiration 
varied from 0% to 10.8% (see Table 102-9 ). In the large series, with more than 65 patients analyzed, the need for functional laryngectomy remained <5%, which may indicate that experience is of value in achieving successful functional 
results.[73] [75] [130] Dysphagia is more common after supracricoid laryngectomy with cricohyoidopexy when one arytenoid is resected.[30] [76] Success in postoperative swallowing results has been
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attributed to careful attention to preoperative patient selection, intraoperative technique, and postoperative rehabilitation.[80] 

The duration and frequency characteristics of normal speakers was compared with 14 patients who had undergone supracricoid laryngectomy with cricohyoidopexy. [81] The findings in that study revealed that although the average F0 among 
the supracricoid laryngectomy group was within normal range, the operated group was significantly less efficient in jitter, shimmer, maximum phonation time, and phase grouping.[81] The authors attributed these findings to the instability of 
the neoglottis, resulting from the wide surgical resection and the fact that the neoglottis allows for air escape during phonation.

Complications.

Among the extremely rare complications reported in the literature are rupture of the cricohyoidopexy,[77] pneumonia caused by severe gastroesophageal reflux,[76] chondroradionecrosis, [78] and glottic stenosis.[78] 

ORGAN PRESERVATION SURGERY SPECTRUM FOR GLOTTIC AND SUPRAGLOTTIC CANCER

Organ laryngeal preservation surgery is based on three fundamental keys. The surgeon needs to be able make an accurate assessment of the patient as a surgical candidate, be able to accurately assess the origin and extent of the lesion, and 
have a thorough understanding of the available surgical techniques and preoperative issues. Figure 102-18 and Figure 102-19 are schematic representations of the surgical disease spectrum of glottic and supraglottic carcinomas, respectively.
[173] Below the schematics are a number of possible variables that are important clinical factors that have a bearing on the application of organ preservation surgery of the larynx. There are representative examples of carcinomas from the 
smallest on the left to the largest on the right. Every other schematic is blank, enabling the surgeon to consider placement of a lesion in its appropriate space designating the appropriate organ preservation surgeries available. This schematic 
allows the surgeon to formulate an organ preservation surgical plan by comparing the tumor to known lesions while accounting for certain key organ preservation variables. It is meant to be used as a helpful teaching aid in learning the 
concepts of organ preservation surgery for larynx cancer.

Intraoperative Conversion to Total Laryngectomy

Accurate preoperative staging is critical to avoid intraoperative conversion to total laryngectomy, including an accurate prediction of the surface extension and the depth of invasion. In general, the problem occurs when there are close 
margins intraoperatively that necessitate resection of structures that are needed for the postoperative functional reconstruction. Whole organ section studies reveal that deep and superficial lesions are commonly surrounded by a penumbra of 
microinvasion carcinoma, carcinoma in situ, and dysplasia.[45] Deep invasion is best appreciated preoperatively during the clinical evaluation, which includes visualization of mobility, palpation during direct laryngoscopy, and radiologic 
studies. The surface invasion is best evaluated by indirect and direct endoscopy. The penumbra of surface changes surrounding the deeply invasive carcinoma may be particularly difficult to assess clinically because of natural tendency to 
focus on the obvious cancer during endoscopy and because of the difficulty in assessing subtle mucosal changes on a mucosal surface, which is tangential to direct vision with the naked eye or the microscope. If either subtle granularity or 
erythema is noted in a critical area on the mucosal surface that would obviate the conservation technique that is contemplated, it should undergo microscopic biopsy at the time of endoscopy. The authors do not perform random microscopic 
biopsies of normal-appearing mucosa, because the excoriations of these sites may lead to confusion at the time of the definitive resection.

One area that results in conversion to total laryngectomy when dealing with supraglottic laryngectomy is extension to the glottic level. In the past, it has been suggested that supraglottic carcinoma rarely, if ever, extended to the glottic level. 
A recent analysis of whole organ sections of laryngeal carcinoma and a literature review have revealed that the true incidence of glottic level extension from the supraglottis is between 20% and 54%.[175] The most common route of extension is 
the paraglottic space. Surgeons relying on the previously held assumption that the carcinoma is unlikely to extend to the glottis, regardless of the proximity of the cancer to the glottis, may need to convert to total laryngectomy in 25% of 
patients.[69] 

The area in glottic carcinoma for which involvement may result in intraoperative conversion to total laryngectomy is invasion of the cricoarytenoid joint. Fixation of the joint is an indication that the joint capsule, the joint itself, or the 
surrounding musculature is involved by carcinoma.[22] This should be fully assessed, and the joint involvement should be predicted to avoid the necessity of intraoperative conversion to total laryngectomy when performing either vertical 
partial laryngectomy or supracricoid laryngectomy.

The best approach to avoid intraoperative conversion to total laryngectomy is preoperative planning. The surgeon has a wide spectrum of conservative techniques available with consistent functional and oncologic outcome in the literature. 



The authors do
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Figure 102-18 Glottic organ preservation surgery spectrum (From Weinstein and others: Organ preservation surgery). 

not advocate conversion from one type of conservation laryngeal surgery intraoperatively to another to avoid total laryngectomy. In their opinion, this conversion will lead to poor oncologic and functional outcome. Rather, to avoid 
intraoperative conversion to total laryngectomy, the procedure of choice should be decided on preoperatively, and this should be the technique that affords the safest oncologic margins for that particular lesion. Nonetheless, the surgeon 
always should obtain consent from the patient for the possibility of intraoperative conversion to total laryngectomy, with the understanding that in rare instances, removal of the entire larynx may be necessary. The patient who cannot accept 
this option is not a good candidate for conservation laryngeal surgery.

All patients undergoing attempts at conservation laryngeal surgery must give their consent for possible total laryngectomy. Careful preoperative planning can help to reduce the incidence of conversion to total laryngectomy. If the patient 
can't accept this possibility or if the surgeon feels that there is a distinct possibility for total laryngectomy, the patient should be encouraged to pursue an organ preservation medical strategy if appropriate.
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Figure 102-19 Supraglottic organ preservation surgery spectrum (From Weinstein et al: Organ preservation surgery). 

Current Organ Preservation Paradigm for Laryngeal Cancer

The trial conducted by the Department of Veteran's Affairs Laryngeal Cancer Study Group 1991 compared induction chemotherapy (cisplatin plus fluorouracil) followed by radiation vs surgery (total laryngectomy) and radiation for 
advanced laryngeal cancer.[38] The conclusion from this study was that induction chemotherapy followed by radiation was able to preserve the larynx while not affecting survival. This provided an alternative to total laryngectomy for these 
patients with advanced laryngeal cancer. Recently, the Radiation Therapy Oncology Group (RTOG) Trial 91-11 was performed to examine the contributions of chemotherapy and radiation therapy to medical larynx-preserving regimens.[43] 
The conclusion from this study was that concurrent chemotherapy and radiation was superior to both induction chemotherapy followed by radiation and radiation alone for larynx preservation in patients with stage III and stage IV disease 
(T2 , T3 , or T4 not extending to tongue base or through cartilage). The study states that radiation with concurrent cisplatin should be the standard of care for the above staged patients.
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The study fails to recognize that organ preservation surgical strategies for laryngeal cancer have gained widespread acceptance throughout the last decade. * These strategies offer an alternative to concurrent cisplatin and radiation for similarly 
staged lesions (T2 , T3 , and selected T4 ). The majority of the patients in the RTOG 91-11 trial were staged as T3 tumors. Previously, the only surgical option available to most of these patients was a total laryngectomy. With the worldwide 
acceptance of organ preservation surgical approaches (in particular, supracricoid laryngectomy), these patients now have an established surgical alternative to concurrent cisplatin and radiation with defined oncologic and functional outcomes. 

† 

It is incumbent upon all physicians caring for patients with laryngeal cancer to understand all of the available options for treatment. Correct staging is absolutely essential to this and requires an interpretation of dynamic laryngeal function 
that at present can only be made by direct examination of the larynx. This mandates the need for a head and neck surgeon's examination and interpretation of the larynx. The discussion held before treatment must include all organ-
preservation approaches available for that patient's particular tumor. The ability of the patient to choose from these options allows for a tailoring of treatment that best suits the patient's needs and wishes. These options should be to the benefit 
of the patient with larynx cancer and should not be preferentially excluded.

Conservation Laryngeal Surgery and Radiotherapy

Essential differences exist between nonsurgical organ-sparing modalities vs conservation laryngeal surgery. In nonsurgical approaches, the clinician accepts that when treating those with larger lesions within the spectrum of malignancy that 
more patients will have local recurrence and rely on surgical salvage when possible, which frequently is total laryngectomy.[164] The advantage to this approach is that for the patients without local recurrence, the entire larynx is spared, and it 
is inferred that for those patients, the functional outcome is maximized. The approach of the conservation laryngeal surgeon is the opposite. When managing progressively larger lesions within the spectrum of malignancies, the procedure is 
chosen from the spectrum of conservation laryngeal procedures that then maximize local control while progressively removing more laryngeal tissue. The loss of functional anatomy usually manifests as permanent hoarseness when the 
glottis is resected and as temporary dysphagia when the supraglottis is resected. Long-term severe dysphagia for conservation laryngeal surgery is rare (see Table 102-4 , Table 102-5 , and Table 102-9 ). The conservation laryngeal approach 
to organ preservation accepts decreased laryngeal function for the entire population of patients to decrease the morbidity and mortality associated with local recurrence. The nonsurgical approach to organ preservation accepts the sequelae of 
local recurrence in an effort to preserve anatomic structure for selected patients.

Although functional outcome after conservation laryngeal surgery is well documented in the literature, this has not been the case of the nonsurgical organ-sparing regimens for intermediate-stage to high-stage lesions. Outcomes in terms of 
vocal quality, long-term dysphagia, reliance on long-term enteral feeding, and need for tracheostomy need to be evaluated in future studies for the nonsurgical approaches to verify that preservation of anatomic structure ensures improved 
functional outcome.



Surgical salvage with conservation laryngeal surgery has been well documented in the literature. Early diagnosis of failure after radiotherapy for laryngeal carcinoma often is difficult because of posttherapeutic edema, erythema, and changes 
in laryngeal mobilities.[166] This often leads to late discovery of the recurrence, leaving most patients who are eligible for surgical salvage needing to undergo total laryngectomy.[40] [144] Patients with failure at the glottic level who were amenable 
to vertical hemilaryngectomy in the preradiation period and in whom the tumor has not enlarged may undergo the procedure and expect a local control rate of 83.3% (15 of 18).[9] Although in the DeSanto and others[40] series, 80% (24 of 30) of 
patients with supraglottic carcinoma who underwent radiotherapy and failed would have been theoretically amenable to supraglottic laryngectomy before radiotherapy, only 30% (9 of 30) underwent conservation laryngeal surgery for 
postradiation failure. Sorensen and others[149] reported poor oncologic and functional results after supraglottic laryngectomy for radiation failure and advocated total laryngectomy in these patients. Lavey and Calcaterra[90] have stated, after a 
review of the literature, that vertical hemilaryngectomy should be contraindicated in the radiation failure case if: (1) the tumor involves the arytenoid; (2) there is >10 mm of subglottic extension anteriorly and >5 mm posteriorly; and (3) 
cartilage invasion into the thyroid or the cricoid is present. Shaw[141] stated that supraglottic laryngectomy is contraindicated in the postradiation failure setting unless: (1) the primary tumor is small; (2) the recurrence is located anteriorly; and 
(3) the carcinoma has never involved the anterior commissure. One alternative

*References [21] [41] [86] [93] [142] [163] . 
†References [94] [112] [169] [170] [171] [174] [179] . 
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for larger lesions is to use either supracricoid laryngectomy with cricohyoidopexy or cricohyoidoepiglottopexy as the salvage procedure, which has a reported local control of 83.3% (10 of 12).[85] 

It seems that supracricoid laryngectomy may be ideally suited to treat early (T1 and T2 ) glottic radiation failures. The en bloc resection of the entire thyroid cartilage and its contents along with a significant portion of the anterior subglottic 
mucosa makes it particularly attractive in those with anterior commissure recurrences. Often, the only salvage modality offered to these patients is total laryngectomy. The role of supracricoid laryngectomy in salvage of glottic radiation 
failures will be explained as more institutions use the technique.

Management of metachronous primary tumors is an important consideration. Roberts and others[137] reported that the average annual risk for a second malignant neoplasm developing after a glottic carcinoma was 3.1% a year over the ensuing 
10 years. Seventy-one percent of these second lesions occurred in the upper aerodigestive tract or in the lungs.[137] The physician also should consider the future management of second primary malignancies when planning treatment for the 
patient with primary cancer.

POSTOPERATIVE MANAGEMENT ISSUES

Although postsurgical management varies from institution to institution, the central issues generally center on the timing of tracheal decannulation and on the approach to swallowing rehabilitation. The authors will discuss their approach to 
these management issues. They deflate the tracheotomy tube as early as possible postoperatively. In the absence of contraindications such as ventilator dependence, the authors drop the tracheostomy cuff on day one. Second, they remove the 
tracheostomy early, and their first attempts at decannulation are between days 3 and 5. The tracheostomy should be kept in for prolonged periods if there is laryngeal edema or salivary stasis. As a rule, patients undergoing vertical partial 
laryngectomies or supracricoid laryngectomies can be decannulated sooner than those undergoing supraglottic laryngectomies. Swallowing rehabilitation is not begun until the tracheostomy is removed, the stoma is closed, and until the 
patient is swallowing his or her saliva. The larynx always should be visualized with indirect laryngoscopy before decannulation. If there are any ensuing airway problems, the tracheotomy tube should be immediately replaced. Although 
stridor is the sentinel sign of laryngeal airway impairment, other signs such as sweating or agitation should be carefully evaluated even in the absence of audible stridor. Finally, the speech pathologist is central to the speech and swallowing 
rehabilitation and is consulted early postoperatively.

SUMMARY

A spectrum of conservation laryngeal procedures are available that allow for management of the broad spectrum of laryngeal carcinomas. The vertical partial laryngectomy, supraglottic laryngectomy, and supracricoid laryngectomy are 
accepted worldwide with established oncologic and functional outcomes. No single surgical approach is a panacea, and a conservation laryngeal surgeon may only perform a few of each technique to manage a large number of laryngeal 
carcinomas. Accurate understanding of the anatomy and physiology of the larynx and the behavior of neoplasm in a particular site is necessary to assess the three-dimensional extent of the malignancy preoperatively. A thorough 
understanding of the whole organ section literature is paramount for success in conservation laryngeal surgery. The conservation laryngeal surgeon uses a variety of surgical approaches to allow for the preservation of a functional larynx. The 
functional goals of conservation laryngeal surgery are speech and swallowing without a permanent tracheostomy. The acute functional sequelae vary but typically include temporary dysphagia and a tracheostomy. Among the procedures that 
have gained acceptance in multiple centers, including vertical hemilaryngectomy, supraglottic laryngectomy, and supracricoid laryngectomy, the rate of severe dysphagia requiring functional laryngectomy for aspiration has been low. The 
most common long-term functional sequela of conservation laryngeal surgery is hoarseness. If the choice of surgical procedure is based on sound principles gleaned from large series of patients reported in the literature, successful oncologic 
results in terms of local control are attainable. Open surgical approaches for laryngeal preservation afford the surgeon the opportunity to perform laryngoplasty to maximize functional outcome.
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Chapter 103 - TOTAL LARYNGECTOMY AND LARYNGOPHARYNGECTOMY

Christopher H. Rassekh 
Bruce H. Haughey 

TOTAL LARYNGECTOMY

Historical Development

Although Patrick Watson of Edinburgh often is credited with performing the first total laryngectomy in 1866, there is no recorded proof that the operation actually was done by him. Research into Watson's own article[64] apparently answers 
this question; Watson stated he performed only a tracheotomy while the patient was alive and then did a postmortem laryngectomy of the syphilitic larynx. Billroth of Vienna, on December 31, 1873, carried out the first total laryngectomy for 
a patient with laryngeal cancer. One month earlier, he had performed a vertical cricothyrotomy and local intralaryngeal excision of this patient's lesion. Gross pathologic recurrence necessitated further radical ablation,[63] but the total 
laryngectomy was punctuated by considerable bleeding, coughing, and arousal from the anesthetic. A large pharyngocutaneous fistula was created, but the patient was fed successfully by mouth and was even fitted with an artificial larynx.[22] 



Billroth and Gussenbauer's patient died 7 months after surgery, [1] but Bottini of Turin in 1875 performed a total laryngectomy on a patient who survived for 10 years. Thiersch (also of split-skin graft renown) reported another long-term 
survivor in 1880, but Gluck in 1880 and others subsequently noted retrospectively that operative or early postoperative mortality rates were approximately 50%. This high mortality rate led Gluck of Germany to develop a two-stage 
procedure in which the tracheal separation was performed first, such that a healed tracheocutaneous stoma was present when the laryngectomy and pharyngeal closure were performed 2 weeks later. In the 1890s, with his pupil Sorenson, he 
then developed a successful single-stage operation, similar to contemporary techniques, in which the larynx was removed from above downward.[30] Solis-Cohen, advancing from partial laryngectomies in the 1860s,[1] reported at the 1892 
Philadelphia County Medical Society Meeting carrying out a total laryngectomy by use of similar Gluck-Sorenson techniques, although Frederick Lange of New York apparently reported performing the first total laryngectomy in the United 
States in 1879.[30] Radiation therapy was popular for treatment of patients with laryngeal cancer during the first half of the twentieth century, although with improvements in surgical and anesthetic technique and a recognition of radiation 
therapy's limitations, surgery (including total laryngectomy) plays a major contemporary role.

Indications

Malignant Disease

With the spectrum of organ preservation surgery that is now available, [5] [48] [82] the need for total laryngectomy as the only surgical option for those with laryngeal cancer has decreased. Organ preservation surgery includes specific procedures 
for supraglottic and glottic cancer. There are two major organ preservation surgical strategies, transoral (endoscopic) and open. Transoral procedures range from the very limited endoscopic resections that most surgeons can accomplish to 
extensive laser procedures that require greater surgical experience and specialized instrumentation. [32] [65] Open procedures include the more conventional vertical partial laryngectomy group of procedures and horizontal (supraglottic) partial 
laryngectomy group. More recently, a group of operations called the supracricoid partial laryngectomy has become more popular. The supracricoid partial laryngectomy with cricohyoidopexy (SCPL-CHP) for selected supraglottic 
carcinomas and the supracricoid partial laryngectomy with cricohyoidoepiglottopexy (SCPL-CHEP) for selected glottic carcinoma have extended the spectrum of tumors that can be managed surgically while avoiding total laryngectomy.[37] 
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Organ preservation surgery can safely be used after radiotherapy but with a higher complication rate.[38] Another operation that avoids total laryngectomy is the "near-total laryngectomy."[51] [68] This procedure cannot be viewed as truly an organ 
preservation operation, because it does not maintain an airway without a tracheostome. Essentially, it can be viewed as a total laryngectomy with an epithelialized voice tract.[52] It has not been very popular in most centers. Nonsurgical 
treatment for patients with laryngeal malignancy also is established as primary treatment in some centers. Management includes definitive radiation alone with surgery for salvage for patients with primary lesions up to T3 [15] [44] or neoadjuvant 
chemotherapy and radiotherapy, with total laryngectomy reserved for those with unresponsive tumors.[26] [33] [75] [76] [81] The frequently cited Veterans Affairs study [12] [83] randomly assigned patients with advanced laryngeal cancer to chemotherapy 
and radiotherapy or total laryngectomy. No differences in survival were identified. Criticisms of the study prompted a head and neck intergroup trial that randomly assigned patients to three groups and compared radiation alone vs concurrent 
vs sequential chemotherapy with radiotherapy. This study has recently been published and demonstrates that concurrent chemotherapy with radiotherapy is superior to sequential chemotherapy followed by radiotherapy or radiation alone in 
terms of local control and organ preservation. [18] Other studies have shown that if nonsurgical organ preservation is to be used, concurrent chemotherapy with hyperfractionated radiotherapy is more effective than radiotherapy alone[6] and that 
hyperfractionated radiotherapy is more effective than standard radiation alone.[19] Newer trials are investigating the impact of induction chemotherapy to assess tumor response. A complete (or near complete) response to chemotherapy then 
selects the patients for concurrent chemotherapy and radiotherapy.[73] Those who do not respond to chemotherapy are treated surgically. Results of such trials at a national and international level will be very interesting. No biologic marker yet 
identified can reliably predict which patients are better treated surgically. This is also the topic of investigations in concurrent studies.[73] [84] Because the survival of the two treatment strategies is equivalent, quality-of-life issues are of 
paramount importance. Recently, a study demonstrated that in the intergroup trial, patients who had total laryngectomy after radiotherapy had a high complication rate, including a risk of pharyngocutaneous fistula of up to 30%, highest in 
the concurrent chemotherapy group.[81] Before that, studies have evaluated the quality of life after nonsurgical management of advanced laryngeal cancer.[15] [71] Although the details of such studies are beyond the scope of this chapter, the results 
indicate that more extensive analysis of the quality of life are important. These studies are difficult to accomplish, because many patients are not available after the study, and the quality of life of the survivors might be significantly different 
than those of the patients who have died. Total laryngectomy still remains a viable option as the primary surgery for cancer or as salvage surgery after radiotherapy and finally for a group of less common conditions. There is overlap between 
these indications. For example, a patient with radionecrosis of the larynx may be found to have residual tumor on permanent sections and, as such, the surgery was salvage in hindsight. Similarly, a tumor that fails radiotherapy may also be 
causing chronic aspiration and may be too large to allow for any sort of organ preservation surgery. This sort of patient has three (or more) of the following indications for a undergoing the procedure.

Indications

1.  Advanced tumors with cartilage destruction and anterior extralaryngeal spread; particularly presenting initially with laryngeal dysfunction (including vocal cord paralysis) that includes airway obstruction or severe aspiration (these 
patients are not good candidates for "organ preservation," because the organ already has been damaged and will not likely function even if preserved anatomically).[62] 

2.  Posterior commissure or bilateral arytenoid tumor involvement.
3.  Circumferential submucosal disease with or without bilateral vocal cord paralysis.
4.  Subglottic extension to involve the cricoid cartilage.
5.  Completion laryngectomy for failed conservation or extensive endoscopic surgery.
6.  Hypopharyngeal tumor originating at or spreading to the postcricoid mucosa.
7.  Massive neck metastases or thyroid tumors (usually recurrent) invading both sides of the larynx from outside the laryngeal skeleton.
8.  Advanced tumors of certain histologic types that are incurable by endoscopic resection, chemotherapy, or radiotherapy (e.g., adenocarcinoma, spindle cell carcinoma, soft tissue sarcomas, minor salivary gland tumors, and large cell 

neuroendocrine tumors); chondrosarcomas of the thyroid cartilage.
9.  Extensive pharyngeal or tongue base resections in patients who are at high risk for aspiration problems.

10.  Radiotherapy or chemoradiation failures; including those who have also had partial laryngectomy fail.
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11.  Radiation necrosis of the larynx, despite tumor control, unresponsive to adequate antibiotic and hyperbaric oxygen management.
12.  Severe irreversible aspiration, with the laryngectomy used for complete separation of the air and food passages. This indication should be rare, considering the variety of other separation or closure procedures available.

Patient Selection and Workup



The following patient requirements should be met before a total laryngectomy is performed. 

1.  Candidate for general anesthesia; consider severe comorbid conditions as a relative contraindication.
2.  Informed consent, including realistic understanding of total laryngectomy state and lifestyle after surgery (including the risk of drowning and the need to avoid swimming and certain risky activities and the lack of sense of smell in the 

event of fire, smoke, or toxic fume exposure.
3.  Sufficient performance status, especially dexterity, to allow basic self-care of stoma. The workup required for a total laryngectomy includes the anesthetic-related assessment of general health (not elaborated here) and specific tests 

relevant to the larynx. Assuming the patient has a laryngeal carcinoma, the following are required:
1.  History (especially details of any previous radiation) and physical examination.
2.  A comprehensive head and neck examination, especially the neck, for detection of cervical metastasis.
3.  Biopsy proof of malignancy and careful endoscopic assessment of tumor location; use of both microscopic and telescopic endoscopy can help determine the need for total laryngectomy and can also help determine which patients are 

likely to have extensive subglottic extension or submucosal extension in the hypopharynx.
4.  Synchronous primary tumor screening, including bronchoscopy, esophagoscopy and/or barium swallow, chest radiography, and chest computed tomography (CT) in selected cases.
5.  Metastatic screen, including chest imaging plus bone, brain, and liver studies for high-stage lesions (evidence does not support this very well; some advocate positron emission tomography (PET) scan as the best screen for 

pulmonary metastasis and abdominal CT or magnetic resonance imaging (MRI) for patients with elevated liver function tests, but the data to support these tests are lacking, so cost-efficacy is dubious.[35] In the laboratory evaluation, 
diabetes and hypothyroidism should be evaluated and managed appropriately, because they increase the risk of complications.

6.  Neck CT for assessment of cartilage or preparaepiglottic space invasion in those with advanced or radiation-recurrent lesions and for assessment of radiologically detectable neck metastasis.[87] The role of PET scans for detection of 
tumor in radiated or scarred field still is being evaluated. [55] [70] 

Surgical Technique

Resection

Proper patient positioning provides access to the anterior part of the neck for the surgeon and the assistant. Positioning is best achieved by placing the patient on a table fitted with a head holder, allowing the head to be cantilevered out but 
remain well supported. This also facilitates bilateral neck dissection, which is often performed "in-continuity" and allows surgeons to position themselves all the way around the head. The table is turned 180 degrees from the anesthesiology 
team to further facilitate access to the patient. Before the operation day, airway management is planned with the anesthesiologist, so that an agreement is reached regarding timing of tracheotomy and intubation. In the nonobstructed larynx, 
the anesthesiologist may pass an orotracheal tube with anesthetic induction, which may be removed at subsequent tracheotomy or left in situ until tracheal transection is performed at the end of the laryngectomy. With an obstructed airway or 
in a case in which intubation may displace malignant tissue into the lower airway, a preliminary tracheotomy with the patient under local anesthesia is performed. The tracheotomy skin incision is made at the intended site of the final stoma. 
The stoma can be placed in the line of the incision or 2 to 3 cm inferior to the incision ( Figure 103-1, A and B ). The advantage of the former is that creation of the stoma is more reliable and avoids a bipedicled bridge of skin between the 
flap incision and the tracheostomy incision, which can result in stenosis of the stoma. The advantage of the latter is that in the event of pharyngocutaneous fistula, which requires diversion, the stoma is less likely to be involved in the 
resulting wound. The latter consideration is perhaps more important in previously irradiated patients, because the risk of fistula in primary total laryngectomy is low. This configuration also avoids the technical nuances of bilateral, three-
point closures at the stoma necessitated by
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Figure 103-1 Incision options for total laryngectomy and total laryngopharyngectomy. A, Long apron flap without separate incision for tracheostomy from mastoid tip to mastoid tip intersecting the midline at approximately the level of the 
cricoid cartilage, usually about 2 cm above the sternal notch in the midline. B, Short apron flap with separate tracheostome incision 2 to 3 cm inferior to the flap incision. A U-shaped incision (not shown) is rarely used, but feasible when 
neck dissection is not performed. 

 



Figure 103-2a Skeletonization of the larynx. A, Division of the strap musculature after elevation of a subplatysmal flap. The omohyoid is divided inferiorly, usually during the neck dissection. The sternothyroid and sternohyoid muscles are 
divided inferiorly to expose the thyroid gland and trachea. B, Division of suprahyoid musculature. This is performed staying close to the superior aspect of the hyoid bone. Cautery is avoided lateral to the lesser cornu to avoid injury to the 
hypoglossal nerve. In this area, the hyoid is retracted in such a way as to distract the greater cornu inferiorly, and a scissor is used to release the cornu staying right on the bone. 

 

Figure 103-2b C, Division of constrictor musculature along the lateral aspect of the thyroid cartilage and dissection of the thyroid. If the thyroid is to be resected, it is elevated, and the dissection proceeds directly to the tracheoesophageal 
groove. If the thyroid is to be preserved, the lobe is dissected away from the tracheoesophageal groove after division of the isthmus. Electrocautery dissection is useful to minimize bleeding in this area. The degree of skeletonization depends 
on tumor extent. Once the thyroid cartilage is skeletonized, the superior laryngeal neurovascular bundle can be divided to decrease bleeding during the resection. 



 

Figure 103-3a Entry into larynx. A, Use of a Freer elevator to mobilize the pyriform sinus and internal perichondrium from the thyroid cartilage. This should not be performed if the pyriform sinus is likely to be involved by the tumor. B, 
The trachea is transected, and the ligamentous attachments are divided permitting dissection of the trachea away from the upper esophagus up to the level of the posterior cricoarytenoid musculature. This cut is beveled as shown in Figure 
103-2a and Figure 103-2b . This step is delayed if there is concern about significant subglottic extension. C, Dissection follows the hyoepiglottic ligament to the epiglottis and vallecula to avoid entry into the preepiglottic space. D, If 
clinically uninvolved, the vallecula is entered on the nontumor side, and if it is not involved, the tip of the epiglottis is grasped. 

 

Figure 103-3b E, The pharyngoepiglottic fold cuts are extended. If uninvolved, the previously preserved pyriform sinus mucosa is preserved by transecting the mucosa close to the aryepiglottic fold. This is accomplished by placing one 
scissor blade in the lumen and the other between the previously released internal perichondrium and the thyroid cartilage. This leaves the larynx pedicled only on the mucosa of the anterior esophageal inlet, which can be transected under 
direct vision preserving as much mucosa as is oncologically sound. If the trachea was not previously transected, it is done at this time to release the specimen. 



 

Figure 103-4 Specimen and resulting wound. A, Total laryngectomy specimen in continuity with bilateral selective neck dissections. B, Final closure with stoma in long flap approach. 

 

Figure 103-5 A, Closure of pharynx with detail of suturing technique. B, T-closure. C, Vertical closure. D, Horizontal closure. 

 

Figure 103-6 Steps to avoid stenosis in creation of tracheostome (long flap incision). A, Bevel the tracheal cut such that more posterior wall is preserved. This is done by curving a scissor upward as the anterior tracheostomy is extended 
laterally. The posterior wall is transected with a -shaped incision in the mucosa to lengthen it and prevent scar contracture. B, Elongate the anterior edge of the stoma by placing sutures from midline outward, proceeding farther along the 
skin than the trachea and by continuing this well onto the lateral portion of the trachea. C, Bury the exposed tracheal cartilage with a half-buried vertical mattress suture from far on the skin around the tracheal cartilage and then back through 
the near edge of the skin tying the suture on the skin. To minimize granulation tissue, an effort should be made to place these sutures submucosally. Absorbable sutures are preferred. 2-0 Vicryl is advisable for the central suture, and 3-0 
Vicryl is used for the remainder. D, Final closure including appearance of stoma using long-flap approach and the stoma technique described in A through C. Note the quite ample diameter of the stoma that results from suture placement in 



the manner described. 

 

Figure 103-7 Technique of tracheoesophageal puncture. See text for description of technique. 

 

Figure 103-8 Wide-field laryngectomy defect for radiation recurrent tumor, including anterior neck skin, thyroid, sternomastoid, and selective neck node resection. 

 

Figure 103-9 Total Laryngopharyngectomy. The retropharyngeal dissection has been performed. Now superior and inferior cuts that are circumferential will complete the resection. 

 



Figure 103-10 Total laryngopharyngoesophagectomy specimen en bloc with bilateral neck dissections and thyroidectomy. This patient had one hypopharyngeal tumor and a second, distal esophageal tumor. 

 

Figure 103-11 Superior mediastinal resection defect, including heads of clavicles and sternal manubrium. All node-bearing tissue is excised, preserving brachiocephalic and common carotid arteries. Ventilation tube enters cut tracheal stump. 

 

Figure 103-12 Radial forearm flap pretubed on the forearm before transfer to the neck. Note proximal skin paddle to be folded through 180 degrees, separated by a deepithelialized transverse strip and inset in one stage to provide neck 
coverage. 

 

Figure 103-13 Postoperative result at 2 years. Patient maintains normal diet, and skin paddle pliability facilitates neck movement. Contour of tubed neopharyngeal component is visible deep to radial skin paddle. 
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Chapter 104 - RADIATION THERAPY FOR THE LARYNX AND HYPOPHARYNX

Parvesh Kumar 

EPIDEMIOLOGY AND ETIOLOGY

Tumors of the larynx constitute about 1.5% of all cancers in the United States. The ratio of glottic to supraglottic carcinomas is about 3:1. The American Cancer Society estimates that 9500 cases of laryngeal cancer will be diagnosed and that 
3800 patients will die of this disease in the United States in 2003.[2] 

Cancers of the larynx and pyriform sinus have been associated with heavy smoking and alcohol intake, whereas those of the lower hypopharynx or postcricoid region have been associated with the nutritional deficiencies of vitamin C and 
iron.[69] [71] [72] The risk of the development of cancer of the larynx increases with increasing amounts smoked ( Figure 104-1 ) and decreases with time after cessation of smoking ( Figure 104-2 ).[70] Tuyns and others[64] reported that the 
carcinogenic effect of alcohol is present even at the lowest levels of tobacco consumption and that alcohol influences the development of epilaryngeal and hypopharyngeal cancers more than it does the development of endolaryngeal cancer. 



Alcohol presumably bathes the mucosa of the epilarynx and hypopharynx but does not have access to the mucosa of the endolarynx. It seems that tobacco and alcohol act separately and synergistically to increase the risk of cancers of the 
laryngopharynx.

The molecular basis for laryngeal cancer is beginning to evolve. Mutation of the p53 gene is common, and it is seen in 47% of the patients who are smokers but in only 14% of those who are nonsmokers. Fifty-five percent of tumors among 
drinkers and 20% among nondrinkers had p53 mutations.[8] 

ANATOMY

A fundamental knowledge of laryngeal and hypopharyngeal anatomy is necessary to allow the clinician to understand the following: (1) how a particular cancer affects pharyngeal and laryngeal function to produce signs and symptoms; (2) 
how patterns of local invasion and lymphatic and distant spread differ for individual cancers of the larynx and hypopharynx; and (3) how the extent of tumor within the larynx and hypopharynx determines management selection.

The larynx is contiguous with the lower portion of the pharynx superiorly and is connected with the trachea inferiorly, separating the functions of respiration and phonation from swallowing. Anatomically the larynx extends from the tip of 
the epiglottis at the level of the lower border of the C3 vertebra to the lower border of the cricoid cartilage at the level of the C6 vertebra. The laryngeal vestibule is separated from the pyriform sinus laterally by the marginal structures of the 
larynx (the free margin of the epiglottis, the aryepiglottic fold, and the arytenoid), and the glottic and subglottic regions are separated posteriorly from the hypopharynx by a common partition—the cricoid cartilage ( Figure 104-3 ). Thus food 
passes laterally into the laryngopharyngeal sulci and then posterior to the cricoid cartilage into the upper cervical esophagus without entering the upper airway. The larynx is subdivided into three anatomic regions: the supraglottis, the glottis, 
and subglottis regions ( Figure 104-4 ). The anterior limits of the larynx consist of the lingual surface of the suprahyoid epiglottis, the thyrohyoid membrane, the anterior commissure, and the anterior wall of the subglottic region, which is 
composed of the thyroid cartilage, the cricothyroid membrane, and the anterior arch of the cricoid cartilage. The posterior and lateral limits include the aryepiglottic folds, the arytenoids, the interarytenoid space, and the posterior surface of 
the subglottic space, which is formed by the mucous membrane that covers the cricoid cartilage. The superolateral limits consist of the tip and the lateral borders of the epiglottis, and the inferior limit is the inferior edge of the cricoid 
cartilage. These various anatomic structures of the larynx can also be appreciated on computed tomography (CT) scans ( Figure 104-5 ).

The supraglottic region extends from the superior margin of the true vocal cord and includes the
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Figure 104-1 The risk of cancer of the larynx as a function of the amount of cigarettes smoked per day. From Wynder EL, Broso IJ, Day E: A study of environmental factors in cancer of the larynx, Cancer 9:86, 1956. Copyrighted by the 
American Cancer Society. 

 

Figure 104-2 The risk of cancer of the larynx as a function of time after cessation of smoking. From Wynder EL, Mushinski MH, Spivak JC: Tobacco and alcohol consumption in relation to development of multiple primary cancers, Cancer 
40:187, 1977. Copyrighted by the American Cancer Society. 

 



Figure 104-3 Posterior anatomic view of the base of the tongue, the larynx, and the hypopharynx, showing the piriform sinus, the pharyngeal wall, and the postcricoid region. 

 

Figure 104-4 Sagittal cross-section of the larynx, showing the glottic, supraglottic, and subglottic regions. 

 

Figure 104-5 Computed tomography scans showing the various anatomic structures of the larynx. 



 

TABLE 104-1 -- PRIMARY MALIGNANCIES OF THE LARYNX BY HISTOLOGY

Epithelial cancers

Squamous cell carcinoma

••Carcinoma in situ

••Invasive (well to poorly differentiated)

••Verrucous carcinoma

••Lymphoepithelial carcinoma

••Pseudosarcoma

••Anaplastic carcinoma

••Transitional cell carcinoma

Adenocarcinoma

••Adenocarcinoma (well to poorly differentiated)

••Mucoepidermoid carcinoma

••Adenoid cystic carcinoma

Neuroendocrine tumors

••Small cell carcinoma

••Paraganglioma

••Carcinoid tumor

Oncocytic carcinoma

Melanoma

Carcinoid tumor

Lymphoma

Nonepithelial cancers

Sarcomas

••Chondrosarcoma

••Fibrosarcoma

••Rhabdomyosarcoma

••Osteosarcoma

••Leiomyosarcoma

••Hemangiosarcoma

••Giant cell sarcoma

••Lymphosarcoma
 



Verrucous carcinoma is a low-grade squamous cell carcinoma that is extremely rare. True verrucous carcinoma does not metastasize, and its anaplastic transformation after radiation therapy (RT) remains controversial.[5] 

PATTERN OF SPREAD

Lymphatic Drainage

The low incidence of lymphatic metastases from cancers of the true vocal cord is generally a result of a paucity of lymphatic vessels in the region of the true glottis. The incidence of lymphatic metastases progressively increases as one 
proceeds above and below the true glottis and from the central supraglottis outward. The supraglottis has a rich lymphatic network. The lymphatic channels from the supraglottis pass through the thyrohyoid membrane and drain into the 
upper jugular (subdigastric or jugulodigastric), midjugular (jugulocarotid), and lower jugular (juguloomohyoid) nodes of the jugular chain.

The lymphatic network is less developed in the subglottis. Lymphatic channels from the subglottic area unite to form three lymphatic pedicles (one anterior and two posterolateral). The anterior channels pass through the cricothyroid 
membrane and drain into the mid- and lower jugular nodes or terminate in the prelaryngeal node (Delphian node), from which lymphatics drain into the pretracheal and supraclavicular nodes. The posterolateral lymphatic channels pass 
through cricotracheal membrane and terminate in the highest paratracheal nodes.

The true vocal codes are devoid of lymphatic capillaries. Lymphatic spread from glottic cancer occurs when there is tumor extension into the supraglottis or the subglottis.

The incidence of lymph node metastasis from carcinoma of the supraglottis increases with the T stage and when there is extension into the base of the tongue and the hypopharynx. The incidence of lymph node metastasis at the time of 
diagnosis is 55%, with 16% of cases being bilateral.[40] The subdigastric and midjugular nodes are most commonly involved. For carcinoma of the vocal cords, the incidence of lymph node metastasis at diagnosis is low: virtually 0% for T1 
lesions, approximately 5% for T2 lesions, 15% to 20% for T3 lesions, and 20% to 30% for T4 lesions.[33] [39] [45] The incidence of lymph node metastasis from carcinoma of the subglottis varies from 20% to 50%. [45] The prelaryngeal (Delphian), 
lower jugular, paratracheal, pretracheal, and upper mediastinal lymph nodes are the most commonly involved nodal stations.

CLINICAL PRESENTATION

The most common presenting symptom of early-stage vocal cord cancer is hoarseness. The symptoms of
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advanced disease include sore throat, localized pain as a result of cartilage invasion, otalgia, and dyspnea as a result of airway compromise.

The most common presenting symptoms of carcinoma of the supraglottis are sore throat and odynophagia. Quite often a neck mass may be the first sign of carcinoma of the supraglottis as a result of the high incidence of lymph nodal 
metastases. Unilateral otalgia occurs as referred pain from the involvement of the vagus nerve and the auricular nerve of Arnold. Hoarseness is usually not an initial symptom, and it occurs with invasion of the vocal cords. Weight loss, 
dyspnea, foul breath, and aspiration occur with advanced disease.

Carcinoma of the subglottis is relatively asymptomatic during the early stage. With advanced-stage disease, dyspnea becomes predominant as a result of narrowing of the airway; other less common symptoms include hoarseness, 
odynophagia, and hemoptysis.

DIAGNOSTIC EVALUATION

The diagnostic evaluation of a patient who is suspected of having a cancer of the larynx should begin with a mandatory history and physical examination. The mainstay of the physical examination is the flexible fiberoptic endoscope, which 
allows for excellent visualization of the infrahyoid epiglottis and anterior commissures; these regions may be difficult to see with indirect laryngoscopy. In addition to determining the tumor extent, assessment of the mobility of the vocal 
cords is absolutely critical. The neck should be carefully palpated to determine the size, number, and location (ipsilateral, bilateral, or contralateral) of lymph node metastasis ( Table 104-2 ).

Routine laboratory tests include a complete blood count and liver function tests. If the liver function tests or serum alkaline phosphatase are abnormal, further studies (e.g., liver and bone scans) may be indicated.

Imaging studies include a chest x-ray and a CT scan with contrast enhancement of the head and neck region. The CT scan should be performed before the biopsy, because postbiopsy edema may overestimate tumor extent. CT slices 3-mm 
thick should be obtained at 3-mm intervals throughout the larynx. The relative usefulness of CT scanning versus magnetic resonance imaging (MRI) remains controversial. MRI is more useful for delineating the soft-tissue extent of the 
primary tumor and cartilage invasion, whereas CT scanning is better for evaluating early bone invasion and the remainder of the laryngeal anatomy. The disadvantages of MRI are longer scanning time and motion artifact.

Direct laryngoscopy with biopsy of the tumor is the most important step in the diagnosis of carcinoma  

TABLE 104-2 -- DIAGNOSTIC EVALUATION AND STAGING WORKUP OF PATIENTS WITH SUSPECTED LARYNGEAL CANCER

Clinical examination

History and physical examination: assessment of size, number, and location of affected lymph nodes

Fiberoptic endoscopic examination: mobility of vocal cords, assessment of anterior commissure involvement

Radiographic studies

Chest x-ray

Computed tomography scan of head and neck (3-mm slices)

Magnetic resonance imaging (as indicated)



Computed tomography scan of chest (if CXR is abnormal)

Laboratory studies

Complete blood count with differential and platelets

Comprehensive metabolic panel

Direct Laryngoscopy with Biopsy

Panendoscopy (bronchoscopy and esophagoscopy) for advanced-stage disease
 
noma of the larynx. In advanced-stage disease, a panendoscopy (bronchoscopy and esophagoscopy) should be performed to rule out synchronous tumors.

STAGING

The most recent TNM staging system of the American Joint Committee on Cancer (seventh edition) for carcinoma of the larynx is shown in Table 104-3 . Primary tumor (T) staging is based on the extent of involvement within the larynx, 
extralaryngeal extension, cartilage invasion, and mobility of the vocal cords. Regional lymph node (N) staging is based on size, number, and location (ipsilateral, bilateral, or contralateral) of lymph nodes.

OVERALL MANAGEMENT, RADIOTHERAPY TECHNIQUE AND DOSE, AND OUTCOME

The major goal of the treatment of cancer of the larynx is to maximize the cure rate while preserving speech and swallowing function. Recent advances in surgical techniques, delivery of RT, and different ways of combining chemotherapy 
with RT have improved cure rates while maintaining organ function. A variety of conservative surgery procedures, such as those outlined below, have led to better preservation of organ function while still maintaining local-regional tumor 
control rates that are comparable with those achieved with radical surgery:
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TABLE 104-3 -- AMERICAN JOINT COMMITTEE ON CANCER STAGING SYSTEM FOR CANCER OF THE LARYNX AND THE HYPOPHARYNX (SIXTH EDITION, 2002)

Primary tumor (T)

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

Supraglottis

T1 Tumor limited to one subsite of the supraglottis, with normal vocal cord mobility

T2 Tumor invades mucosa of more than one adjacent subsite of the supraglottis or glottis or a region outside of the supraglottis (e.g., mucosa of the base of the tongue, the vallecula, the medial wall of the pyriform sinus), without 
fixation of the larynx

T3 Tumor limited to the larynx, with vocal cord fixation and/or invasion of any of the following: postcricoid area, preepiglottic tissues, paraglottic pace, and/or minor thyroid cartilage erosion (e.g., inner cortex)

T4a Tumor invades through the thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea; soft tissues of the neck, including the deep extrinsic muscle of the tongue, the strap muscles, the thyroid, or the esophagus)

T4b Tumor invades the prevertebral space, encases the carotid artery, or invades mediastinal structures

Glottis

T1 Tumor limited to the vocal cord(s) (may involve anterior or posterior commissure), with normal mobility

T1a Tumor limited to one vocal cord

T1b Tumor involves both vocal cords

T2 Tumor extends to the supraglottis and/or the subglottis, with or without impaired vocal cord mobility

T3 Tumor limited to the larynx, with vocal cord fixation and/or invasion of paraglottic space and/or minor thyroid cartilage erosion (e.g., inner cortex)

T4a Tumor invades through the thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea; soft tissues of neck, including the deep extrinsic muscle of the tongue, the strap muscles, the thyroid, or the esophagus)

T4b Tumor invades the prevertebral space, encases the carotid artery, or invades mediastinal structures

Subglottis

T1 Tumor limited to the subglottis

T2 Tumor extends to the vocal cord(s), with normal or impaired mobility

T3 Tumor limited to the larynx, with vocal cord fixation



T4a Tumor invades the cricoid or thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea; soft tissues of neck, including the deep extrinsic muscles of the tongue, the strap muscles, the thyroid, or the esophagus)

T4b Tumor invades the prevertebral space, encases the carotid artery, or invades mediastinal structures

Hypopharynx

T1 Tumor limited to one subsite of the hypopharynx and is 2 cm or less in its greater dimension

T2 Tumor involves more than one subsite of the hypopharynx or an adjacent site or measures more than 2 cm but not more than 4 cm in its greatest diameter, without fixation of the hemilarynx

T3 Tumor measures more than 4 cm in its greatest dimension or involves fixation of the hemilarynx

T4 Tumor invades adjacent structures (e.g., thyroid/cricoid cartilage, carotid artery, soft tissues of neck, prevertebral fascia/muscles, thyroid and/or esophagus)

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node 3 cm or less in its greatest dimension

N2 Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm in its greatest dimension, or in multiple ipsilateral lymph nodes, none more than 6 cm in its greatest dimension, or in bilateral or contralateral 
lymph nodes, none more than 6 cm in its greatest dimension

N2a Metastasis in single ipsilateral lymph node more than 3 cm but not more than 6 cm in its greatest dimension

N2b Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in its greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in its greatest dimension

N3 Metastasis in a lymph node more than 6 cm in its greatest dimension

Distant metastasis (M)

Mx Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Stage grouping

Stage 0 Tis N0 M0 

Stage I T1 N0 M0 

Stage II T2 N0 M0 

Stage III T3 N0 M0 

 T1 N1 M0 

 T2 N1 M0 

 T3 N1 M0 

Stage IVA T4a N0 M0 

 T4a N1 M0 

 T1 N2 M0 

 T2 N2 M0 

 T3 N2 M0 

 T4a N2 M0 

Stage IVB T4b Any N M0 

 Any T N3 M0 

Stage IVC Any T Any N M1 

 
1.  Cordectomy
2.  Endoscopic stripping
3.  Laser excision



4.  Laryngofissure
5.  Supracricoid laryngectomy
6.  Partial laryngopharyngectomy
7.  Hemilaryngectomy

a.  Vertical hemilaryngectomy (lateral or frontal hemilaryngectomy)
b.  Horizontal hemilaryngectomy

Improvements in the delivery of RT include three-dimensional conformal RT (3D CRT) and, more recently, intensity-modulated RT (IMRT). Both of these technologic advances provide a better capability of delineating and localizing the 
target (tumor) and surrounding normal tissues so that higher doses of radiation dose can be delivered to the tumor while sparing the adjacent critical organs. The recent combined modality and organ preservation therapeutic strategies have 
focused on adding systemic chemotherapy to RT. There are several ways to do this: sequentially, alternatingly, concurrently, and sequentially followed by concurrently. Each approach has a different therapeutic focus, with its own unique 
toxicity profile. Three recent metaanalyses looked at the role of systemic therapy in advanced head and neck cancer and have shown that the overall absolute survival benefit of adding chemotherapy to local therapy varies from 4% to 6.5%; 
neoadjuvant and adjuvant chemotherapy marginally improve survival rates by only 1% to 2%, whereas the concurrent approach provides the greatest survival benefit of 8% to 12%.[14] [52] [56] 

Radiotherapy Technique and Dose

Generally irradiation of laryngeal carcinoma is accomplished with a series of lateral opposed shrinking fields that encompass the primary tumor and the upper cervical lymph nodes with an initial minimum 2- to 3-cm margin. A single 
anterior low-neck field is used to irradiate the lower neck. Patients are immobilized in the supine position with bite blocks and thermoplastic immobilization masks. Ideally the upper and lower fields should be set up using a "half-beam" 
technique so that the potential overlap in the spinal cord region can be dosimetrically reduced. Nonetheless,
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a safety spinal cord block should still be placed either in the inferior-posterior portion of the lateral upper neck fields or the upper mid-center position of the lower neck field so that any areas of gross disease are not blocked. Coverage of 
nodal areas should follow the basic RT principle of treating the gross disease and the next uninvolved echelon nodal station. For example, if the upper jugulodigastric lymph nodes are involved, then the retropharyngeal nodes (anterior and 
above C1) should be included in the treatment volume. The lower border of the lateral fields should encompass the larynx, usually at or below the level of C5. When there is extensive subglottic involvement and/or positive lymph nodes in 
the low neck or supraclavicular fossa, a mediastinal T-field is used for the initial treatment volume up to 45 to 50 Gy. The lateral limits of the T-field should be below the clavicle, and the center portion of the T-field should extend 5 cm 
below the lower border of the clavicle head to include the upper mediastinum. Another method of treating laryngeal cancers with transglottic spread or extensive nodal disease in the lower neck is with the minimantle field technique. In this 
technique, matching anteroposterior and posteroanterior fields are used, with the patient in the hyperextended position to achieve homogenous dose distribution and to prevent shielding of the upper neck by the jaw ( Table 104-4 ).

Linear accelerators with 4 to 6 MV photons or 60 Co machines and 6 to 15 MeV electrons for supplemental boosting to the nodes are commonly used. Treatment distance should be at least 80-cm source-to-skin distance. Because of the skin- 
and lymph-node-sparing  

TABLE 104-4 -- VOLUME- AND DOSE-FRACTIONATION * GUIDELINES FOR TREATMENT OF LARYNGEAL CARCINOMA

Disease Total Dose * 

Subclinical, microscopic 50.0 Gy

T1 66.0 Gy

T2 66.0 to 70.0 Gy

T3 /T4 70.0 to 74.0 Gy † 

Nodal disease:  

≤1 cm 60.0 to 66.0 Gy

≥1 to 2≤ cm 66.0 to 70.0 Gy

3 cm 70.0 to 74.0 Gy

>3 cm ‡ 70.0 to 74.0 Gy or more
*Assuming standard fractionated RT at 1.8 or 2.0 Gy/fx. 
†RT should be delivered with shrinking field technique, with 2.0- to 3.0-cm margin to 45 to 50 Gy, then 1.5-cm margin to 60.0 Gy and 1.0-cm margin to ≥70.0 Gy. 
‡Neck dissection (dependent on response rate to radiotherapy). 

 
 
 
effects of higher-energy photons, bolus material is used with photon energies of 6 MV.

Initially gross disease and areas at risk for subclinical disease should be treated to 45 Gy at standard fractionation (1.8 or 2.0 Gy/fraction [fx] given once daily). Generally, T1 lesions should be treated to a total dose of 66 Gy, and T2 lesions 
should be treated to 70 Gy. For T3 or T4 lesions, the dose of the RT depends on whether a single modality or a combined modality approach is used. The doses of RT are much higher (i.e., 74–76 Gy standard fractionation or 76.8–81.6 Gy at 
1.2 Gy/fx twice daily with a hyperfractionated approach) if it is the only curative modality being used. When RT is used in conjunction with chemotherapy or surgery, lower doses of radiation are typically used. Preoperative doses are usually 
in the range of 45 to 50 Gy. Postoperatively, doses in the range of 60 to 70 Gy are used, depending on the histopathologic features (i.e., number of positive lymph nodes, presence of extracapsular extension, and status of surgical margins of 
the primary tumor). When combined with chemotherapy, standard radiation doses are 70 to 74 Gy. For lymphatic nodal disease measuring 1 to 2 cm, standard radiation doses of 66 to 70 Gy should be used. For nodal disease measuring 3 cm, 



a minimum standard dose of 70 Gy should be used, although boost doses as high as 74 to 76 Gy may be necessary, depending on the response. Typically, successive doses of radiation are given with a shrinking field technique, with field 
reductions at 50 Gy and 60 Gy; sometimes an additional reduction may also be necessary, depending on the total dose ( Figure 104-6 ). With each successive field reduction, the margin around the primary tumor and gross nodal disease is 
reduced from 2 to 3 cm initially to 1.5 cm and then to 1.0 cm. Tissue equivalent compensators or wedges with appropriate angles based on the contours of the neck or CT scan treatment planning should be used to achieve uniform dose 
distribution within the target volume. The spinal cord should be shielded after 45 Gy, and electrons with appropriate energies should be used for supplemental boosting to the posterior neck lymph nodes.

Recently technical advances in the delivery of irradiation such as 3D CRT and IMRT have allowed for the escalation of radiation dose and/or minimization of late toxicity (e.g., xerostomia) by reducing doses to the salivary glands.[7] [13] [37] [73] At 
the University of Southern California, we plan all of our curative laryngeal cancer cases using a 3D CRT approach. For those patients with nodal disease who may require significant irradiation to the parotid gland, an IMRT approach is used 
to spare the salivary glands. Additionally, radioprotectors such as Ethyol are given as supplements with these modern techniques to reduce the risk of permanent xerotsomia. [4] [9] 
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Figure 104-6 Series of scans showing reduced doses of radiation therapy throughout treatment. 

 

Figure 104-7 Algorithm for the management of early-stage supraglottic cancer. 

 

TABLE 104-5 -- LOCAL CONTROL AFTER RADIOTHERAPY FOR EARLY-STAGE SUPRAGLOTTIC CARCINOMA

Series Stage  Patients (n) Local Control

Fletcher and others (1974)[17] T1  24 88%

 T2  56 79%

Ghossein and others (1974)[24] T1  17 94%

 T2  64 73%

Wall and others (1985)[65] T1  38 89%

 T2  132 74%



Wang and others (1991)[66] T1 
BID

23 89%

 T2 79 89%

Nakfoor and others (1998)[53] T1  24 96%

 T2  73 86%

Skyes and others (2000)[59] T1  65 92%

 T2  136 81%

Hinerman and others (2002)[28] T1  22 100%

 T2  125 86%

 
Local control after RT for T1 supraglottic carcinoma is excellent, ranging from 88% to 100% ( Table 104-5 ). * For T2 lesions, local control after RT varies from 73% to 89%. * In most series, once-daily RT to total doses of 66 to 74 Gy was 
used for both T1 and T2 lesions. In some series, such as those reported by Wang and Montgomery [66] and Hinerman and colleagues,[28] twice-a-day hyperfractionation approach was used. Hinerman and others[28] used twice-a-day hyperfractional 
RT to a total dose of 74.4 to 76.8 Gy at 1.2 Gy/fx. A minimum daily interfraction interval of 6 hours is recommended to minimize late normal tissue toxicity. With the split-course accelerated hyperfractional RT schedule used by Wang and 
Montgomery[66] at the Massachusetts General Hospital, a total dose of 67.2 Gy was delivered at 1.6 Gy/fx, twice a day, 5 days per week, with a 2-week rest after 38.4 Gy.

Glottic Carcinoma: Management and Outcome

Carcinoma in situ

The optimal management of early-stage carcinoma of the glottis is controversial, and this includes that of carcinoma in situ of the true vocal cords. The management of carcinoma in situ ranges from observation to vocal cord stripping, 
cordectomy, or open partial laryngectomy to primary RT. An incidence of 16% to 63% of the development of invasive carcinoma has

*References [17] [24] [28] [53] [59] [65] [66]  
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been reported after treatment by conservation surgery.[29] [50] Results of conservative surgical approaches, such as microexcision, laser ablation, and vocal cord stripping, are often good, but they are compromised by multiple stripping 
procedures in the attempt to achieve local control. Maran and colleagues[44] noted that patients, on average, undergo two and up to six stripping procedures. Multiple stripping procedures result in suboptimal voice quality, and they are cost-
inefficient. In a literature review of multiple weighted series by Garcia-Serra and others,[22] the local control rate was only 72% at 5 years, with vocal cord stripping alone as the initial mode of treatment; however, an ultimate local control rate 
of 92% at 5 years was obtained using RT or surgery (laryngofissure and cordectomy, hemilaryngectomy, or total laryngectomy) as salvage therapy. Conversely, a local control rate of 87.4% at 5 years was achieved with RT as the initial 
mode of therapy, with an ultimate 5-year local control rate of 98.4% with salvage treatment. For the management of carcinoma in situ, we favor a primary 

 
Figure 104-8 Algorithm for the management of early-stage glottic cancer. 



 

Figure 104-9 Computed tomography scan showing the anterior portion of the vertebral bodies in a patient with early-stage vocal cord carcinoma. 

 

TABLE 104-6 -- LOCAL CONTROL OF T1 CARCINOMA OF THE GLOTTIS TREATED WITH DEFINITIVE RADIOTHERAPY AND SURGICAL SALVAGE

Reference Patients (n) Initial Local Control Ultimate Local Control

Elman and others (1979)[15] T1a , 210 T1a , 94% T1a , 98%

 T1b , 61 T1b , 93% T1b , 98%

Fletcher and others (1980)[18] 332 89% 98%

Mittal and others (1983)[51] 177 83% 96%

Amornmarn and others (1985)[3] •86 92% 99%

Wang (1990)[68] * 723 90% 97%

Johansen (1990)[32] 358 83% 94%

Akine and others (1991)[1] 154 89% 94%
 
 

TABLE 104-7 -- T2 CARCINOMA OF THE GLOTTIS: LOCAL CONTROL WITH RADIOTHERAPY AND SURGICAL SALVAGE

Reference Patients (n) Initial Local Control Ultimate Local Control

Elman and others (1979)[15] T2a , 146 T2a , 80% T2a , 96%

 T2b , 82 T2b , 72% T2b , 96%

Fletcher and others (1980)[18] 175 74% 94%

Mittal and others (1983)[51] 327 69% —

Howell-Burke and others (1990)[30] 114 68% 76%



Karim and others (1987)[35] 156 81% 95%

Wang (1990)[68] * 173 69% 86%

Amornmarn and others (1985)[3] •34 88% 94%
 
limited radioresponsiveness, and anaplastic transformation has been reported to occur after RT.[36] However, others have found that RT and surgery are equally effective and that anaplastic transformation rarely occurs. [16] [61] Treatment for this 
rare lesion should be based on the extent of the disease. Small tumors can be treated by excision or partial laryngectomy. RT is recommended for large tumors that would require total laryngectomy if treated surgically.

ADVANCED-STAGE LARYNGEAL CARCINOMA

General Management

Historically, locally advanced carcinoma of the larynx (i.e., T3 and T4 and/or N2 and N3 disease) has usually been treated with combined surgery and pre- or post-operative RT or RT alone for unresectable disease. The disadvantages of a 
primary surgical approach include loss of organ function. Locoregional tumor control rates with total laryngectomy and postoperative RT are high (80%–90%), and, with tracheoesophageal
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punctures for voice restoration, patients can regain their verbal communication skills. This treatment is still ideal for patients in whom surveillance would be difficult. The addition of postoperative RT to a primary surgical approach is crucial 
to reducing the rate of locoregional failures.

Currently, the standard for the management of advanced laryngeal carcinoma is evolving. In the last 10 years, three major randomized trials have evaluated the addition of chemotherapy to local therapies for laryngeal carcinoma ( Table 104-
8 ).[12] [19] [57] Two of these randomized studies investigated induction chemotherapy as an initial treatment vs immediate surgery consisting of total laryngectomy, and they concluded that induction chemotherapy does not compromise survival 
rates and allows for larynx preservation in the majority of patients. Recently, the RTOG (Protocol 9111) and the Head and Neck Intergroup completed a three-arm phase III trial that randomized patients with stage III and IV laryngeal cancer 
to standard RT alone (70 Gy in 35 fractions); induction cisplatin (100 mg/m2 on days 1 and 22); or 5-FU (1000 mg/m2 daily continuous infusion for 5 days for two cycles); this was followed by the same standard RT or concurrent cisplatin 
(100 mg/m2 on days 1, 22, and 43) with the same RT.[19] The two-year survival estimates were not significantly different among the three arms (75% for RT alone, 76% for the induction chemotherapy arm, and 74% for the concurrent 
chemoradiation arm). However, the 2-year rates of locoregional tumor control were significantly improved with concurrent chemoradiation therapy (78%) as compared with induction chemotherapy (61%, P = .003) or RT alone (56%, P 
< .001). In addition, the rates of laryngeal preservation at two years were also significantly better in the concurrent chemoradiation therapy arm (88%) as compared with the induction  

TABLE 104-8 -- RANDOMIZED TRIALS OF ADVANCED LARYNGEAL CARCINOMA

Trial Primary Tumor Site Patients (n) Local Control 2-Year Overall Survival Larynx Preservation Rate

Department of Veterans Affairs Laryngeal Cancer 
Study Group[12] 

Larynx 332 Surgery, 93% 68% in both arms Surgery, N/A

   Induction CT, 80%  Induction CT, 64%

GETTEC[57] Larynx (T3) 68 Surgery, 87.5% Surgery, 84% N/A 42%

   Induction CT, 75% Induction CT, 69%  

RTOG[19] Larynx 547 RT, 56% RT, 75% RT, 70%

   CT→RT, 61% CT→RT, 76% CT→RT, 75%

   CT/RT, 78% CT/RT, 74% CT/RT, 88%

CT, Chemotherapy; RT, radiation therapy; CT→RT, induction CT followed by RT; CT/RT, concurrent CT and RT.
 
chemotherapy arm (75%, P = .005) or the RT-alone arm (70%, P < .001). Hence, on the basis of the RTOG and the Head and Neck Intergroup Laryngeal Preservation trials, concurrent chemoradiation therapy should be considered a viable 
alternative to a primary surgical approach for advanced laryngeal carcinoma. However, the cost of achieving better locoregional tumor control and larynx preservation with concurrent chemoradiation therapy comes with a price of increased 
toxicity; the rate of severe toxicity (acute and late effects) was significantly higher with concurrent chemoradiation therapy (82%) as compared with RT alone (61%).

Radiotherapy Technique and Dose

The general RT techniques used to treat patients with laryngeal patients have been previously discussed. Certain dose-volume nuisances are important to appreciate when treating advanced laryngeal carcinoma. When preoperative RT is 
given in conjunction with total laryngectomy, a dose of 50 to 54 Gy is delivered at 1.8 Gy/fx per day, 5 days per week. A lower total dose of 45 Gy is given before supraglottic laryngectomy to reduce wound complications, because tissues 
are under more tension at closure.

For postoperative RT after total laryngectomy, a minimum total dose of 60 Gy at 1.8 to 2.0 Gy/fx per day, 5 days a week, is delivered to the tumor bed and the upper neck using a shrinking field technique. The spinal cord is shielded at 45 Gy 
when RT is used alone. An additional 5 to 10 Gy is delivered through reduced fields to areas of positive margins or gross residual disease. A dose of 50 Gy is delivered to the supraclavicular fossa. The tracheal stoma is usually included in 
the anterior low-neck field. It is usually not necessary to bolus the stomal site if 60 Co or 4 MV x-rays are used. If higher-energy x-rays are used,

2415



bolus of the stomal site is recommended. An additional 5 to 10 Gy is delivered through a reduced boost field to the tracheal stoma using 9 to 12 MeV electrons with a 0.5-cm bolus. With preoperative RT, surgery is performed 4 to 6 weeks 
after completion of the RT. Postoperative RT should be started within 3 to 6 weeks after surgery, when the wound has healed. The RT dose-volume guidelines have been previously discussed (see Table 104-4 ). When RT is combined with 
concurrent chemotherapy, the spinal cord dose is generally limited to 40 Gy if standard fractionated irradiation is used.

ADVANCED SUPRAGLOTTIC CARCINOMA: MANAGEMENT AND OUTCOME

For advanced operable carcinoma of the supraglottis, management options include surgery combined with RT, chemotherapy combined with RT, or RT alone. When RT is combined with surgery, it is usually given postoperatively because of 
the ability to tailor the dose more optimally on the basis of histopathologic information (i.e., the number of positive nodes, the presence of extracapsular extension, and/or the status of the primary surgical margins) and because there are 
generally lower rates of complications. In a randomized trial by RTOG (Protocol 7303) that compared postoperative (60 Gy) and preoperative (50 Gy) RT for the treatment of stage III and IV carcinoma of the supraglottis and the 
hypopharynx, local control was significantly better with postoperative RT (70%) as compared with preoperative irradiation (58%, P = .05), although there was no significant difference in survival (29% vs 20%, respectively).[63] However, the 
major complication rate was some what lower with postoperative RT (5%) as compared with preoperative RT (9%). Hence, RT should preferentially be given postoperatively, except when it is combined with supraglottic laryngectomy. 
When combined with a supraglottic laryngectomy, low-dose (45 Gy) preoperative RT is preferable to high-dose (≥60 Gy) because  

TABLE 104-9 -- T3 CARCINOMA OF THE GLOTTIS: RESULTS OF DEFINITIVE RADIOTHERAPY AND SURGICAL SALVAGE

Reference Stage Patients, n Initial Local Control Ultimate Local Control

Lundgren and others (1988)[41] T3 141 44% 59%

Harwood and others (1980)[27] T3 N0 112 51% 77%

Pameijer and others (1997)[55] T3 42 62% NR

Bryant and others (1995)[10] T3 55 55% NR

Stewart and others (1975)[60] T3 67 57% 69%

Lustig and others (1984)[42] T3 47 65% NR

Mendenhall and others (1992)[47] T3 47 62% 81%

NR, Not reported.
 
of increased laryngeal edema and higher rates of complications associated with the higher doses. The contraindications to supraglottic laryngectomy have been previously discussed. In another small randomized trial of 72 patients that was 
conducted at the Tata Memorial Hospital, radical RT was compared with total laryngectomy and postoperative RT for stage III and IV supraglottic and pyriform sinus cancers.[6] Definitive RT was comparable with surgery for achieving 
locoregional tumor control (66% in both arms) and for overall survival (77% vs 73%, P = .79, respectively).

As discussed previously, randomized trials have shown that combined chemotherapy and RT is comparable with a primary surgical approach for achieving similar survival outcome but with the preservation of organ function. Selected 
patients with advanced supraglottic carcinoma and patients who are medically unsuitable for surgery and/or chemotherapy can be treated with RT alone. In patients with T3 and T4 disease, local control rates after definitive RT vary from 
46% to 76% and 43% to 91%, respectively ( Table 104-9 ). * 

ADVANCED GLOTTIC CARCINOMA: MANAGEMENT AND OUTCOME

Fixed vocal cord lesions are indicative of deep muscle or cartilage infiltration. The management options for advanced glottic carcinoma vary between a primary surgical approach, chemotherapy combined with RT (a concurrent approach is 
favored over a neoadjuvant approach), or RT alone. This decision depends on a number of factors, including performance status, comorbid conditions, suitability for surgery/chemotherapy, and patient preference. The obvious disadvantage of 
surgery is the loss of voice function, and recent randomized trials have shown that a nonsurgical approach

*References [17] [24] [28] [53] [59] [65] [66] . 
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does not compromise survival but does provide preservation of the larynx.

As discussed previously, locoregional tumor control rates are approximately 80% with concurrent chemoradiation therapy, 60% with induction chemotherapy followed by RT, and 55% with RT alone for stage III and IV disease.[12] [19] For 
selected T3 lesions, local control rates with RT alone vary between 44% and 65%, and approximately two thirds of the failures can be salvaged by surgery ( Table 104-10 ). * 

For T4 lesions, the results from the Veterans Administration and the RTOG/Head & Neck Intergroup Trials suggest that that combination of chemotherapy and RT may be a viable alternative to total laryngectomy.[12] [19] Total laryngectomy is 
the preferred treatment for more advanced lesions with bilateral vocal cord involvement and compromised airway; very few series report results with RT alone for T4 glottic lesions. Hardwood and others[26] and Karim and others[34] reported 
local control rates of 56% (39 patients) and 63% (38 patients), respectively, with T4 disease.

When surgery is used as the primary definitive therapy, postoperative RT is usually added to reduce the risk of locoregional failure. Postoperative RT is indicated when there is tumor at or close to the surgical margins; cartilage invasion; 
involvement of the soft tissues of the neck; extensive subglottic infiltration; multiple (more than one) lymph node metastasis; extracapsular nodal extension; and perineural, lymphatic,  

TABLE 104-10 -- LOCAL CONTROL AFTER RADIOTHERAPY FOR ADVANCED-STAGE SUPRAGLOTTIC CARCINOMA



Series Stage Patients, n Local Control

Fletcher and others (1974)[17] T3 29 62%

 T4 17 47%

Ghossein and others (1974)[24] T3 35 46% * 

 T4 87 52%

Wall and others (1985)[65] T3 50 70%

 T4 28 46%

Wang and others (1991)[66] T3 95 71%

 T4 12 91%

Nakfoor and others (1998)[53] T3 51 76%

 T4 16 43%

Skyes and others (2000)[59] † T3 83 67%

 T4 47 73%

Hinerman and others (2002)[28] ‡ T3 99 62%

 T4 28 62%
*All had vocal cord fixation. 
†All were N0 , and some were salvaged with total laryngectomies. 
‡1998 American Joint Committee on Cancer staging. 

 
 
 
or vascular invasion. A neck dissection is usually performed when there are positive lymph nodes.

SUBGLOTTIC CARCINOMA: MANAGEMENT AND OUTCOME

Primary carcinomas of the subglottis are rare. RT data about the management of subglottic carcinoma is sparse. Recently, Paisley and colleagues [54] reported their retrospective analysis of 43 patients with subglottic cancer who were treated 
with primary RT alone. Overall, the initial local control was 56% with RT alone, with an ultimate local control rate of 81.4% with surgical salvage. When broken down by T stage, the initial local control rates for T1 , T2 , T3 , and T4 lesions 
with primary RT alone were 63.6%, 66.7%, 50%, and 41.7%, respectively. With surgical salvage, the ultimate local control rates for T1 , T2 , T3 , and T4 lesions were improved to 91%, 100%, 75%, and 58.3%, respectively. Most subglottic 
lesions are relatively advanced at the time of diagnosis and are managed primarily with surgery followed by postoperative RT. However, definitive RT offers a viable alternative to surgery for the management of subglottic carcinomas.

CARCINOMA OF THE HYPOPHARYNX: MANAGEMENT AND OUTCOME

Early-stage hypopharyngeal carcinoma can be effectively managed with RT alone. Local control rates range from 74% to 90% for T1 disease and from 59% to 79% for T2 disease.[23] [48] [67] Recently, the use of hyperfractionation appears to have 
improved local control

*References [10] [26] [27] [41] [42] [47] [55] [60] . 
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rates for early-stage disease. More recent results have suggested an improvement in control rates with the use of hyperfractionated radiation. Mendenhall and others [48] reported local control in 94% of patients with T2 pyriform sinus cancer 
treated with twice-a-day RT. Wang[67] reported a 5-year actuarial local control rate of 76% in patients with T2 pyriform sinus cancer treated with split-course accelerated RT. Garden and colleagues [23] reported a local control rate of 86% for 
early-stage hypopharyngeal carcinoma.

The treatment of choice for patients with T3 and T4 hypopharyngeal cancer is surgery. Because of the high risk of local failure after surgery, postoperative RT is usually given to most patients. An analysis by Frank and others[20] found that 
patients with hypopharyngeal cancer who received postoperative irradiation had only a 14% rate of locoregional failure as compared with 57% in those treated with surgery only, despite the fact that patients treated with combined therapy 
had more advanced disease.

The European Organization for the Research and Treatment of Cancer conducted a voice preservation study of patients with hypopharyngeal carcinomas. [38] In this trial, 202 patients were randomized to either immediate surgery followed by 
postoperative RT (50–70 Gy) or induction cisplatin (100 mg/m2 on day 1) and 5-fluorouracil (1000 mg/m2 daily on days 1 through 5) for three cycles followed by RT (70 Gy). The locoregional failure rates were similar for both the surgery 
arm (31%) and the induction chemotherapy arm (40%). Survival rates were equivalent in the two treatment groups at 5 years (35% for the surgery arm vs 30% for the induction chemotherapy arm), but patients in the chemotherapy group had 
a 5-year voice preservation rate of 35). However, only 5% of the patients in the European Organization for the Research and Treatment of Cancer trial had T4 disease. Another strategy for the treatment of advanced pyriform sinus carcinomas 
involves the use of high-dose intraarterial cisplatin (100 mg/m2 on days 1, 8, 15, and 22) with concurrent RT (68–74 Gy). [58] This method is called the "RADPLAT" strategy, and 25 patients with stage III (24%) and stage IV (76%) pyriform 
sinus carcinoma were treated with this organ-preserving approach. Seventeen patients presented with bulky nodal disease, whereas 10 were diagnosed with T4 lesions. At a median follow-up interval of 42 months, none of the 25 patients had 



experienced a local recurrence at the primary site, and only one patient relapsed regionally in the lymph nodes (this patient was subsequently salvaged with surgery). Moreover, the larynx preservation rate was 88%. Hence, combining 
chemotherapy with RT offers an alternative to patients with advanced-stage disease.

COMPLICATIONS

The acute and late effects of RT are directly dependent on such factors as total dose,[49] [60] dose per fraction,[21] [43] [49] treatment volume,[21] [31] [43] overall treatment time,[62] and daily interfraction interval with hyperfractionated RT.[11] Other factors that 
also influence the late complication rate include the stage of disease,[21] [49] [62] the sequence of RT and surgery (i.e., prevs postoperative RT),[63] and chemotherapy.[11] Both acute and late normal tissue effects may be exacerbated in the presence of 
other medical conditions, such as hypertension, diabetes, immune suppression, and collagen vascular disease.

Acute reactions occurring during fractionated RT for carcinoma of the vocal cords are usually mild. Increases in hoarseness, sore throat, dysphagia, patchy mucositis, erythema, and erythema of the skin in the radiation field may develop, 
generally beginning during the second to fourth week of RT. These acute reactions may initially increase and then stabilize toward the later part of the treatment course, and they usually subside completely within six to eight weeks after 
completion of treatment. In the majority of patients, the voice returns to normal within a few months after treatment. In addition to hoarseness and sore throat, change or loss of taste, dry mouth, dysphagia, and weight loss can occur. The 
severity of these acute reactions increases with treatment volume. The acute reactions of twice-daily hyperfractionated or accelerated fractionated RT are usually more severe than those seen with once-daily conventional fractionated RT.

Laryngeal edema of varying degrees may persist after RT for carcinoma of the glottis or supraglottis. In patients who have been irradiated for carcinoma of the glottis, the incidence of mild to moderate laryngeal edema persisting for more 
than 3 months after RT is about 15.4% to 25%.[21] The incidence of severe laryngeal edema is about 1.5% to 4.6%,[3] [30] [31] [49] and this increases with greater total dose, field size, dose per fraction, and T stage of the lesion.[31] [43] [49] In a randomized 
trial conducted by Inoue and colleagues,[31] 116 patients were treated with a total dose of 60 Gy in 30 fractions over 6 weeks using 4 MV x-rays and wedge filters. Persistent laryngeal edema occurred in 4% of the patients with 5 × 5 cm2 fields 
and in 21% of the patients with 6 × 6 cm2 fields (P < .02). However, local control rates were similar at 93% and 95% for field sizes of 5 × 5 cm2 and 6 × 6 cm2 , respectively. Initially these patients should be managed conservatively with 
voice rest, abstinence from alcohol and cigarettes, and careful, close follow-up examinations. Antibiotics and steroids may be used when there is suspicion of infection or when the edema is severe enough to significantly compromise the 
airway. However, if the edema
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is progressive and unresponsive to conservative measures and recurrent disease is strongly suspected, biopsies are carried out to establish the diagnosis. Salvage surgery is performed if biopsies are positive. Late laryngeal necrosis after RT is 
rare, with a reported incidence of about 0.5% to 1.8% for glottic cancer.[3] [6] [51] 
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Chapter 105 - VOCAL REHABILITATION FOLLOWING LARYNGECTOMY

Joshua S. Schindler 



[Total laryngectomy] affords little prospect of success, and the conditions of existence after its performance are so utterly miserable, the patient being almost cut off with intercourse with his fellow-beings, and having to take food in 
such a distressing way that suffocation is constantly imminent and that death from starvation not infrequently takes place. 
Morrell Mackenzie, 1888[80] 

INTRODUCTION

This statement, made by Sir Morrell Mackenzie in his account of The Fatal Illness of Frederick the Noble, describes not only the challenges facing the nineteenth century head and neck surgeon, but also underscores the hardships 
experienced by the first laryngectomy patients. These hardships, including loss of normal phonatory and swallowing function, loss of Valsalva with weakening of cough and upper-body strength, impairment of smell and taste, and inability to 
control nasal and respiratory secretions, have tremendous physical and social impact on the lives of laryngectomy patients. Although perioperative mortality has declined substantially with advances in surgical technique, antibiotic 
administration, and enteral nutrition, the challenges faced by recovering laryngectomy patients are little different today than at the turn of the twentieth century. Despite efforts to superannuate this procedure through advances in partial 
laryngectomy surgery and organ preservation chemoradiation protocols, total laryngectomy is still commonly performed and remains the treatment of choice for many advanced laryngeal malignancies and for patients with poor performance 
status. Because of the importance of total laryngectomy in the management of head and neck malignancy, active investigation into methods of postoperative rehabilitation continues.

While the larynx has many physiologic functions, loss of phonatory function has historically been considered the most significant deficit facing a laryngectomee. Since the development of laryngectomy procedures, this assumption has driven 
tremendous surgical and mechanical innovation. Although recent quality-of-life studies suggest that phonation is not the primary concern after laryngectomy,[34] such findings may more accurately reflect our commitment to restore voice after 
laryngectomy than the weight patients place on communication.

PHYSIOLOGY OF ALARYNGEAL SPEECH

Before discussing the evolution of voice rehabilitation after laryngectomy, it is important to understand the basic physiology of the most common forms of alaryngeal speech. There are three primary methods of speech production following 
total laryngectomy: esophageal, fistula- (or shunt-) based, and external vibratory voice. Fundamental differences in power supply of the sound wave generator, segment of aerodigestive tract vibrated, and reliance on external prostheses 
separate these methods. These differences influence not only the quality and intelligibility of voice production, but, in many cases, determine the suitability to individual patients and social acceptance. The three basic methods are described 
here with further discussion of their acquisition, patient suitability, and complications (later in the chapter).

Esophageal Voice

In many ways, esophageal speech is the simplest form of alaryngeal communication. After the removal of the larynx and primary or augmented closure of the neopharynx, patients commence phonation by passing air into the esophagus. The 
esophagus may be filled through one of several different methods incorporating closure of the lips, relaxation of the pharyngoesophageal (PE) segment, and retropulsion of the tongue. Once filled, the esophagus acts as a bellows for sustained 
voice production, containing as much as 80 cc of air for phonation.[27] A vibratory sound wave is produced through controlled regurgitation of air past
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the undulating mucosa of the PE segment using gentle contraction of the abdominal and chest muscles. As air passes through this segment, the mucosa of the anterior and posterior walls approximates because of a bulge in the posterior 
pharyngeal wall between the fourth and seventh vertebrae.[40] [61] [140] This approximated mucosa forms a neoglottis (sometimes called a pseudoglottis), which can be tuned to some degree through contraction of the thyropharyngeus, or middle 
pharyngeal constrictor muscle.[97] 

Esophageal speech is simple in that it requires no additional surgery or prostheses. Despite its simplicity, esophageal voicing has significant limitations. The duration of phonation depends on the amount of ingested air and control of its 
release by the speaker. With only 80 cc of air, the duration of speech can be limited to only a few syllables per injection and result in a choppy, low amplitude phonatory quality. The best esophageal speakers are able to store air in the 
stomach with greatly improved duration of speech. Although some esophageal speakers can attain exceptional vocal quality, pitch modulation remains difficult because of functional limitations in the ability to change the conformation of the 
pharyngoesophageal segment. As a result, the fundamental frequency remains low (about 65 Hz), causing difficulty with gender identification and the conveyance of emotion.

Fistula-Based Voice

Restoration of the lungs as the primary energy source for voice production has been a goal of post-laryngectomy rehabilitation since the earliest procedures. Unlike esophageal speech, fistulas from the trachea to the upper digestive tract 
allow the speaker to use the lungs as the bellows by shunting air from the trachea into the digestive tract. Under controlled release in the PE segment, the entire inspiratory capacity (more than 3000 cc) is at the disposal of the speaker for 
phonation. Placement of the fistula determines the region of PE segment vibration. Most modern methods direct the prosthesis into the cervical esophagus directly posterior to the membranous wall of the tracheostoma, but procedures for 
other configurations are of historical interest.

The increased capacity and pressure gained by using the lungs as the bellows substantially affects the quality of speech production. Greater air pressure across the PE segment generates voice with a slightly higher fundamental frequency than 
that produced by esophageal speakers.[107] In addition, use of the lungs allows much greater range and control of vocal intensity. Consequently, tracheoesophageal (TE) speakers may perform better in noisy environments than esophageal 
speakers. Finally, greater air capacity allows longer duration of speech production than that attained by esophageal speakers. In addition, shunted voice production can be acquired by most laryngectomees and is more readily accepted by 
listeners because the bellows refills naturally during respiration. Despite attempts to create stable biologic fistulas that allow voice production and competent swallowing function, nearly all methods of TE speech require a prosthesis with a 
finite lifespan and patient-specific acceptability.

External Vibratory Voice

Sound waves can also be created by external mechanical sources. Devices, either electrical or pneumatic, have been designed to vibrate a column of air within the oral cavity and oropharynx, allowing speech production. Pneumatic devices 
use musical reeds to produce sound waves and are often introduced into the oral cavity with a straw. Electric devices use vibration of a pad to produce monotone sound waves. These devices can be applied to the skin overlying the oral cavity 
or oropharynx, depending on patient habitus, presence of facial hair, and quality of speech production. Once applied, the vibration is transmitted with variable fidelity to the oral cavity where it is modulated by the tongue, cheeks, palate, and 
lips into speech. Alternatively, the patient may generate a vibrating column of air in the oral cavity using an electric device fitted with a straw, which is placed in mouth.



Although external vibratory speech may be acquired by nearly all laryngectomees with adequate dexterity to use the devices, this modality remains limited by its monotone sound production. Although the mucosal-wave form of speech may 
yield limitations in pitch control, external vibratory speech allows only a single pitch based on the vibratory frequency of the reed or electric device. This single pitch results in a monotone sound with a synthetic quality that can draw 
unwanted attention to the speaker and be distracting to the listener. When compared with other methods of alaryngeal speech, patients generally find external vibratory voicing the least socially acceptable method of post-laryngectomy 
communication.

HISTORY OF ALARYNGEAL SPEECH

As one might expect, the history of alaryngeal speech parallels the history of total laryngectomy and is as colorful and innovative as any endeavor in medicine. In the early nineteenth century, treatment of laryngeal diseases was at its infancy. 
Tracheotomy was well understood and used frequently to treat laryngeal phthisis, a term used to describe any "chronic alteration of the larynx which may bring on consumption or death in any way."[4] Direct observations of the
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larynx may have been made as early as 1743,[79] but were not widely performed until Manuel Garcia's description of indirect laryngoscopy in 1855.[46] Evaluation and treatment were often performed simultaneously as thyrotomy was the 
procedure of choice for laryngeal disease until the last quarter of the nineteenth century. Voicing was poorly understood, but descriptions of the larynx as the seat of phonation can be found as early as 1791.[77] Ernst Wilhelm von Brucke 
established the foundations for alaryngeal speech in 1858 when he noted that sounds used in speech production did not all come from the larynx.[23] Using a "sound locator," similar to a stethoscope, Brucke cataloged different sounds and their 
apparent location within the upper respiratory tract.

Proof of Brucke's observations came the following year with the first demonstration of a prosthetic larynx. In 1859, Johann Nepomuk Czermak used a prosthesis to restore phonation to a young girl with complete laryngeal stenosis. 
Fashioned by Brucke, the prosthesis directed air from the girl's tracheostomy site to the pharynx by way of a nasotracheal tube.[32] As with most of the early devices, air vibration was produced by a reed. After the procedure, Czermak noted 
that his patient could produce voice of low volume and that some sounds were absent. Despite these observations, the young girl was able to produce faint, but intelligible speech. Dubbed the "artificial larynx," Czermak's device 
demonstrated that alaryngeal speech was possible and served as a prototype for prosthetic restoration of voice following total laryngectomy. Interestingly, Czermak noted that his patient's phonation was independent of airflow through the 
tracheostomy tube and even surmised that the sound was produced by the muscular vibration of air in the oropharynx. One therefore wonders whether the credit for alaryngeal speech restoration belongs to Czermak's device or the young girl 
for acquiring esophageal speech![77] 

In 1873, Theodore Billroth performed the first total laryngectomy for cancer.[52] Although about 8 years earlier Patrick Watson may have performed the first total laryngectomy for syphilis,[3] Billroth's procedure deserves particular distinction 
as that it was the first time that laryngeal rehabilitation was attempted. His patient was a 36-year-old gentleman with laryngeal carcinoma treated extensively with silver nitrate cautery. Primary closure of the pharynx had not been successful 
in dog experiments,[33] and, therefore, Billroth removed the larynx, leaving the epiglottis and a persistent oropharyngeal tract for controlled salivary drainage through a common tracheopharyngostome. This tract, which was essential for wound 
healing, was maintained by a tracheostomy tube designed by Billroth's Viennese assistant, Carl Gussenbauer, and fashioned by the musical instrument maker, Joseph Leiter. The original tube was made of hard rubber and similar to modern T-
tubes with both inferior (tracheal) and superior (pharyngeal) limbs. A reed device was in place at the junction of the two limbs for vibrating exhaled air.[98] The literature is confusing in that it contains many different descriptions of 
Gussenbauer's device. In fact, Billroth's patient actually had three different devices made by different manufacturers. The final device was fashioned by Thuerriegl and was similar to the first device except that it was smaller and made of 
metal ( Figure 105-1 ). The device could be fitted with an obturator in the pharyngeal limb, which allowed swallowing to resume while maintaining respiration. It could also be fitted for phonation with a one-way valve, allowing inspiration 
through the tracheostomy and expiration through the pharyngeal segment.

Gussenbauer reported the success of the surgery and device at the Third Congress of the German Company of Surgeons in 1874.[52] In this report, the patient was described as having acceptable vocal function with intelligible speech that could 
be heard in a large hospital room. As with Czermak's patient, the most significant deficit was pitch control as the neoglottic voicing was noted to be monotone. In addition, Gussenbauer noted that speaking with the artificial larynx required 
more effort from the patient. Although Billroth's patient died of persistent disease 7 months later, devices similar to the Gussenbauer prosthesis were used for years in the rehabilitation of laryngectomy patients. Many of these devices were 
very similar to Gussenbauer's original design and their placement became standard for total laryngectomy. In a testimony to the success of the artificial larynx (and that of total laryngectomy for the treatment of glottic cancer), Caselli and 
Bottini reported on a cancer survivor who used the modified tracheostomy with useful alaryngeal speech for more than 38 years ( Figure 105-2 ).[58] 

Advances in total laryngectomy technique created new challenges in alaryngeal speech rehabilitation by the end of the nineteenth century. At this time, total laryngectomy surgery was generally frowned on by the medical community because 
of the high mortality that accompanied post-operative aspiration pneumonia and wound infection. A number of surgeons sought to improve the outcomes through complete separation of the respiratory and digestive tracts. Jacob Da Silva 
Solis-Cohen, an American laryngologist practicing at Jefferson Medical College, recognized this necessity and was the first to completely isolate the trachea by sewing it to the skin in 1892.[122] [144] This effectively limited the aspiration by 
isolating the trachea from the pharyngoesophagostome. Gluck
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Figure 105-1 A, Gussenbauer's and Thuerriegl's prosthesis. B, Gussenbauer's prosthesis in situ. 



 

Figure 105-2 Caselli's prosthesis.[58]  

 

Figure 105-3 Patient using Western Electric electolarynx.[89]  

 

Figure 105-4 Conley's tracheoesophageal shunt.[30]  



 

Figure 105-5a Serafini laryngectomy. A, Limited laryngectomy. B, Pharyngo-tracheal closure. 

 

Figure 105-5b C, Impaction of hyoid on trachea. D, Closure.[8]  



 

Figure 105-6 A, Blom and Singer's original prosthesis. B, Blom and Singer TE puncture technique with fenestrated esophagoscope.[114]  
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original description was a single-stage endoscopic procedure that can be performed by a single surgeon. A rigid esophagoscope is placed into the patient's neopharynx and gently passed to the cervical esophagus. Singer modified a 7 × 1.3 × 
30-cm esophagoscope to include a hole several centimeters proximal to the distal end; however, the procedure can be performed with a standard scope. The surgeon selects a suitable site in the midline of the posterior tracheostomal wall. The 
site should allow easy access to the prosthesis, but must allow unobstructed closure of the stoma by the patient's finger. This position is usually 5 to 15 mm from the mucocutaneous junction depending on the prosthesis planned and geometry 
of the stoma. After selecting a suitable site on the posterior stomal wall for the puncture, a needle is passed under direct vision into the hole of the esophagoscope. This puncture site is serially dilated until it accommodates a 14 Fr red rubber 
catheter. A No. 11 blade may be used to carefully widen the puncture site, if necessary. After insertion, the proximal end of the catheter is secured to the skin and distal end is passed into the esophagus.

Many authors have described modifications of Singer's original technique to surmount patient-specific obstacles. The most common difficulty is exposure of the cervical esophagus because of contraction of the neck after surgery and 
radiation therapy. Rigid esophagoscopy can be technically demanding in such patients and carries a significant risk of esophageal perforation. Mohr, Paddock, and Boehler have reported a safe method using a flexible endotracheal tube 
instead of a rigid esophagoscope for patients with poor pharyngeal access.[92] Visualization was achieved using a flexible nasopharyngoscope passed through the endotracheal tube. Noting poor general visibility through a rigid esophagoscope, 
Koch describes TEP using a flexible esophagoscope and a Russell Percutaneous Gastrostomy Kit (Cook, Inc., Bloomington, In).[69] The procedure is analogous to percutaneous tracheostomy in speed and safety as it involves few steps and is 
performed under continuous visualization. Office-based creation of TE fistulas has also been described using only local anesthesia in selected patients. [38] 

Primary TE Puncture

TE puncture performed at the time of laryngectomy was first reported by Maves and Lingerman in 1982.[84] This procedure was immediately noted to carry several advantages over secondary TEP including elimination of a second operative 
procedure, elimination of the nasogastric tube for feeding, optimization of the pharyngoesophageal segment and stoma for TE prosthesis placement, and psychological benefit to the patient. Since its introduction, many studies have 



confirmed the safety of primary TE puncture, as well as the cost savings.[45] [93] Although occasionally debated, there is no demonstrable difference between the voices of those who undergo primary or secondary TEP.[22] Finally, the extent of 
pharyngeal resection and reconstruction does not preclude primary procedures, as TE puncture may be performed at the time of free flap reconstruction without increased complications.[1] 

Like secondary fistula creation, primary TE puncture is also a simple procedure. After laryngectomy, but before closure of the pharyngeal defect, the posterior tracheal wall is carefully inspected for a suitable fistula site. Selection of the site 
can be tricky, as the surgeon must predict where the fistula will lie when the stoma is matured at the conclusion of the procedure. The simplest means to determine this is to grasp the superior edge of the posterior tracheal wall with an 
atraumatic clamp such as a Babcock. With gentle superior traction, the trachea may be raised from the mediastinum to estimate its final position relative to the skin flaps and sternal notch. Once positioned, a suitable site for puncture may be 
selected in the midline of the posterior tracheal wall approximately 1 to 1.5 cm from the superior edge. The distance depends on the amount of mucosa required for closure, the anticipated diameter of prosthesis used, and the geometry of the 
stoma.

Once a site is selected, a right-angle clamp may be placed in the esophagus through the pharyngeal defect and pressed against the tracheoesophageal party wall immediately under the chosen puncture site. Using a No. 11 blade, a small 
vertical incision is made in the posterior tracheal wall, which allows the right-angle clamp to be passed through. The clamp grasps a 16 Fr red rubber catheter that is drawn through the pharyngeal defect. Smaller catheters may be used, but 
they may clog in the postoperative period and result in a small TE fistula that must be dilated for prosthesis placement. The catheter is then redirected into the esophagus and the tip is passed into the stomach. The surgeon should straighten 
any kinks in the catheter with his or her finger and confirm patency of the catheter by gently flushing it with sterile saline after placement. A catheter that does not permit easy flushing may not allow parenteral feeding in the postoperative 
period. After the pharyngeal defect is closed and the stoma is matured to the skin flaps, a nonabsorbable suture may be used to affix the catheter to the skin close to the puncture site on the superior skin flap. This suture will prevent 
accidental loss of the catheter during coughing and keep the catheter from occluding the stoma. Antibiotics, ample nutrition, aggressive stoma cleaning, and humidification in the postoperative period will help maintain a healthy fistula and 
speed mucosalization.
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Prostheses Fitting

Insertion of the prosthesis takes place approximately 7 to 14 days after puncture to allow healing of the fistula tract and stoma. Most of the swelling in the tracheoesophageal party wall has subsided, and the length of the fistula tract can be 
assessed after removal of the catheter. Gentle dilation of the tract may be performed using a set of puncture dilators. Use of surgical lubricant containing 2% lidocaine can make prosthesis placement more comfortable. The position of the 
prosthesis may be confirmed using a 2-mm rigid endoscope passed through the valve and into the esophagus.

While several different manufacturers of TE puncture prostheses exist, the devices can be divided into two major categories: indwelling and non-indwelling. Non-indwelling devices are similar to the original Blom-Singer device in that they 
are designed to be removed daily by the patient for cleaning and maintenance. Examples include the Panje Voice Button (Hood Laboratories, Pembroke, Ma) and the Blom-Singer Duckbill Prosthesis (InHealth Technologies, Carpinteria, 
Ca). They are easy to place in anterograde fashion because they have only a small retaining collar to hold them in the esophageal lumen. The unfortunate corollary of their easy placement is that they are prone to migrate or extrude if not 
fitted properly and can be aspirated by the patient. They generally include a flange that is long enough to prevent entry through the stoma or a string to allow easy retrieval if aspirated.

Indwelling prostheses such as the Groningen Voice Button (Hood Laboratories, Pembroke, Ma), Provox and Provox2 (Atos Medical AB, Horby, Sweden), and the Blom-Singer Indwelling Voice Prosthesis (InHealth Technologies, 
Carpinteria, Ca) were introduced in the mid-1980s in an effort to simplify the care of TE fistula tracts. These prostheses may remain in the TE fistula tract until they fail and are replaced by the therapist or surgeon. Device life varies between 
the devices and is somewhat patient specific. Most devices function for an average of 2 to 10 months, with a range of 1 to 48 months.[12] [56] [72] [99] Their design differs from that of non-indwelling devices in that they have a larger diameter to 
accommodate in situ cleaning by the patient with a small brush or saline syringe. The larger diameter of these devices has implications for the position of the TE puncture site and should be considered at the time of fistula creation.

Insertion techniques for placement of indwelling prostheses are product specific and can be more difficult because of their larger diameter and retaining collar size. The Groningen Voice Button and Provox prostheses are designed to be 
placed in retrograde fashion with topical anesthesia. A semi-rigid catheter is first passed into the tract and brought out the oral cavity. The device is then affixed to the end of the catheter and withdrawn into the fistula through the oropharynx 
and cervical esophagus. A small hemostat may be used to facilitate passage of the outer collar through the posterior tracheal wall. The Blom-Singer Indwelling and Provox2 prostheses are designed for anterograde placement using proprietary 
insertion devices. Anterograde insertion is simpler to perform and more comfortable for the patient.

In addition to reduced patient manipulation, indwelling prostheses also have the advantage of immediate placement during primary or secondary TE puncture. When performed at the time of laryngectomy, proponents of this technique argue 
that the prosthesis will stabilize the tract, preventing separation of the TE party wall and reducing salivary leakage.[22] Although voicing still begins about the postoperative day 10 to allow healing of the pharynx, patients are spared the 
discomfort of device placement shortly after their procedure. Others disagree with immediate device placement, arguing that it complicates early care of the stoma and mandates a nasogastric tube for feeding. Thinning of the party wall also 
occurs in the postoperative period, which may lead to poor device fit and early replacement.

In the past, decisions regarding the type of device used were largely determined by the surgeon and voice rehabilitation therapist. With numerous devices now available and tremendous amounts of information readily available on the 
Internet, patients are becoming increasingly involved in the selection process. While studies have demonstrated a two-fold patient preference for indwelling over non-indwelling devices,[22] comparisons of the low-pressure devices suggest that 
the vocal quality and ease of use are similar between different brands.[28] [35] [131] Given these similarities—cost, comfort, ease of replacement, and access to health care services become important patient-specific considerations when selecting TE 
voice prosthesis.

VOICING

Initiation of voicing can begin immediately after prosthesis placement under the guidance of a voice rehabilitation therapist. Realistic expectations of vocal ability and quality should be discussed and, if possible, patients should become 
familiar with tracheoesophageal speech preoperatively either through patient interaction or videotape. Instruction in breathing, timing, and complete stoma occlusion should begin after placement. Application of excessive abdominal pressure 
may make voicing difficult and lead to transient lightheadedness. Patients often acquire usable speech with the first post-operative
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visit and will continue to improve with practice. On average, patients require 4 to 7 visits to become accomplished and fluent TE speakers.



A small, but growing, number of patients can become successful "hands-free" speakers.[44] [74] Twoway valves can be fitted to adhesive peristomal housings (InHealth Technologies, Atos Medical, and others) or intra stomal retaining collars 
(Barton Button, Bivona Medical Technologies, Gary, In) to allow patients to speak without digital occlusion of the stoma. While not speaking, the tracheostomal valve does not engage, and the device permits free inspiration and expiration. 
With rapid exhalation, the valve engages and air is directed through the TE prosthesis. Unfortunately, recent studies have shown that only about half of successful TE speakers could use the hands-free valves.[74] Most of the problems with 
hands-free speech were related to stomal geometry. Prominent clavicular heads and irregular stomas prevent adequate sealing of the peristomal housing or retaining collar. Routine division of prominent clavicular heads, undermining inferior 
skin flaps around the tracheal closure, and maintenance of a single intact tracheal ring at the skin edge may help increase the success of such devices.

FAILURE TO ACQUIRE TE VOICE

Despite appropriate patient selection and proper TE puncture technique, some patients fail to produce usable voice. The majority of these failures seem to be related to tonicity of the pharyngoesophageal segment.[15] Although hypotonicity of 
the PE segment has been reported, hypertonicity is more commonly the culprit and such patients will note markedly increased effort required for phonation.[115] [116] Clinically, these patients will produce a strong Valsalva maneuver in an effort 
to voice and produce choppy sounds of short duration (usually less than 6 seconds). Videofluoroscopy with barium sulfate will demonstrate a smooth bulge in the posterior pharyngeal wall during phonation and should be performed in the 
evaluation of hypertonic PE segment to identify the level of obstruction ( Figure 105-7 ). Although many patients will spontaneously resolve this problem during the next 4 to 6 weeks, as many as 25% of these patients fail to improve despite 
therapy and become too frustrated to continue voicing.[118] 

The physiology and etiology of PE segment hypertonicity is poorly understood. Much of this difficulty comes from the variability of laryngeal resection dictated by tumor extension and the many different closure techniques used to repair the 
pharyngeal defect. Radiographic studies of patients with hypertonic PE segments demonstrate dynamic obstruction at the level of the upper esophageal sphincter (UES) in 

 
Figure 105-7 Hypertonic PE segment after TE puncture. Note prominent pharyngeal constrictor bulge and reduced barium column preventing airflow.[115]  

 

Figure 105-8 Spontaneous extrusion of prosthesis. Courtesy of Atos Medical. 

 

Figure 105-9 Enlarged fistula tract. Courtesy of Atos Medical. 

 

Figure 105-10 A, Yeast harmlessly growing on flange. Courtesy of Atos Medical. B, Yeast obstructing device valve.[70]  



 

Figure 105-11 Granulation tissue around TE fistula. Courtesy Atos Medical. 
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Chapter 106 - MANAGEMENT OF THE IMPAIRED AIRWAY IN THE ADULT

David Goldenberg 
Nasir Bhatti 

INTRODUCTION

Acute airway situations should be approached in a systematic manner. The simplest adequate form of control should be selected and the lowest level of airway obstruction should be ascertained. Control should be established by securing an 
airway below that level. In addition, acute airway problems often evolve in association with other medical problems.

The commonest symptoms of acute airway obstruction are voice change, dyspnea, local pain, and cough. Physical findings may include stridor; hoarseness; restlessness; intercostal, suprasternal, and supraclavicular retraction; drooling; and, 
if trauma is involved, bleeding, subcutaneous emphysema, and deformation of the normal surgical landmarks.

The severity or completeness of airway obstruction is defined as follows: 

• Complete obstruction: No detectable airflow in or out of lungs.
• Partial obstruction: The patient has stridor or respiratory difficulty because of a narrowing of the major airway.
• Potential or impending airway obstruction: The potential or fear for a patient developing airway compromise because of a known anatomical or physical condition if the respiratory physiology or the conscious level was altered.

THE DIFFICULT AIRWAY

Securing a patent airway remains one of the fundamental issues to be addressed in patients undergoing surgery. The most widely used techniques and devices used in clinical practice to secure an airway are orotracheal intubation, 
nasotracheal intubation, laryngeal mask airway, and fiberoptic intubation. These methods maintain airway patency by way of manipulation of the structures of the upper airway. Success in maintaining a patent airway using any of these 
techniques involves a detailed understanding of their interaction with the structures of the upper airway. [4] The failure to achieve this goal inevitably results in hypoxic brain injury or death. Benumof and Scheller estimated that up to 30% of 
deaths attributable to anesthesia are caused by the inability to successfully manage the difficult airway.[6] Caplan and others found that three mechanisms of injury resulted in 75% of adverse respiratory events during surgical anesthesia. These 
mechanisms included inadequate ventilation, unrecognized esophageal intubation and unanticipated difficult tracheal intubation.[11] 

Timely identification of the potentially difficult airway is critical. To do so, the physician should be able to (1) define the nature of a difficult airway; (2) examine the airway for anticipated difficulty; (3) formulate a thorough plan for 
management of the airway using the American Society of Anesthesiologists (ASA) Difficult Airway Algorithm as a guide (ASA Task Force on Management of the Difficult Airway); and (4) possess the requisite skills to successfully use a 
variety of airway devices that form the foundation of difficult airway management in a variety of clinical situations such as fiberoptic intubation, laryngeal mask airway, and, if necessary, attaining a surgical airway.

The guidelines for management of the difficult airway developed by the ASA Task Force on Management of the Difficult Airway provide the following definitions: 

• Difficult mask ventilation: A situation in which it is impossible for the unassisted. Anesthesiologist to prevent or to reverse the signs of inadequate ventilation during positive pressure mask ventilation.
• Difficult rigid laryngoscopy: When it is impossible to visualize any portion of the vocal cords with conventional laryngoscopy.
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• Difficult intubation: A situation in which insertion of an endotracheal tube requires more than three attempts or longer than 10 minutes.

The clinical assessment of the airway begins with a rapid comprehensive assessment of the patient's ventilatory and respiratory status. If the airway distress is impending, prevention measures must be instituted to prevent further 
deterioration. If the patient is found to be ventilating inadequately, the airway must be secured definitively through either medical or surgical means. If the medical techniques to secure an airway fail, an urgent tracheotomy or cricothyrotomy 
must be performed.

If the situation does not mandate an immediate intervention, the physician may proceed with a diagnostic assessment. This should include a complete history and physical examination of the upper airway. The most valuable assessment in a 
modern setting is direct flexible fiberoptic nasopharyngolaryngoscopy. This technique affords unparalleled visualization and lends itself to video documentation.

A chest radiograph, arterial blood gas status, and a computed tomography scan may be obtained only if the general status of the patient is stable. If the individual circumstances allow, a review of any systemic disease requiring special 
attention during airway management must be undertaken.[4] 



Mallampati and others originally published three distinct classes: Class I—uvula, faucial pillars, soft palate visible; Class II—faucial pillars and soft palate visible; and Class III—only soft palate visible.[29] Samsoon and Young modified the 
Mallampati classification to include a fourth class: Class IV—only hard palate visible.[41] 

Another widely used method of assessment of the difficult airway is Cormack and Lehane's classification, which defines the difficulty of intubation according to the view of the glottis afforded at the time of direct laryngoscopy. [15] [16] 

One of the most important concepts in the ASA Difficult Airway Algorithm is to have a strategic plan in place for individual patient situations. This plan requires that the necessary equipment be readily available and that the operator be 
comfortable with a variety of airway management techniques. These techniques and devices should be practiced electively on patients with "normal" airways.[4] 

A well-equipped, organized difficult-airway cart should be readily available. The ideal difficult-airway cart is an easily transportable storage unit that contains a variety of equipment necessary for management of the difficult airway. The cart 
can be customized to serve the expertise of the group of operators that it serves.

When findings from a thorough physical examination and history of the patient reveal that laryngoscopy, intubation, or mask ventilation is going to be difficult, the life-threatening "cannot intubate, cannot ventilate" situation may arise. This 
is best handled by placement of an endotracheal tube while the patient is awake.[47] Awake techniques provide rapid and ongoing assessment of the patient's neurologic status. Awake intubation techniques in patients who have been swabbed 
with appropriate topical anesthesia are easy to perform. Awake techniques preserve the normal position of the larynx. With the induction of anesthesia and paralysis, the larynx moves anteriorly, making conventional intubation more difficult.
[42] 

Awake nonsurgical intubation techniques can be accomplished by various methods, including awake fiberoptic intubation, awake "look" techniques of direct laryngoscopy, awake placement of a supraglottic airway device (laryngeal mask 
airway), or retrograde intubation. Awake surgical techniques include the performance of awake tracheostomy and will be discussed later in this chapter ( Table 106-1 ).

Surgical Anatomy

The sternal notch, thyroid, and the cricoid cartilage usually can be easily palpated through the skin. The cricoid, described as a reverse signet ring just inferior to the thyroid cartilage, can be found by using either the sternal notch below or the 
thyroid cartilage above as reference points. The cricothyroid membrane stretches between the thyroid and cricoid cartilages and can be identified by palpating a slight indentation in the skin inferior to the laryngeal prominence. The  

TABLE 106-1 -- INDICATIONS FOR TRACHEOSTOMY

Prolonged intubation

Facilitation of ventilation support

Inability of patient to manage secretions including:

••Aspiration

Excessive bronchopulmonary secretions

Upper airway obstruction with any of the following:

••Stridor

••Air hunger

••Retractions

••Obstructive sleep apnea with documented arterial desaturation

••Bilateral vocal cord paralysis

Inability to intubate

Adjunct to major head and neck surgery

Adjunct to management of major head and neck trauma
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right and left cricothyroid arteries traverse the superior part and anastomose near the midline.

The cricothyroid muscle arises from the anterior surface of the cricoid and travels superiorly, posteriorly, and laterally to attach laterally to the surface of the thyroid cartilage. This muscle rotates the thyroid anteriorly and lengthens the vocal 
cords. The vocalis muscles arise from the inner surface of the thyroid cartilage in the midline and pass superiorly and posteriorly to attach to the length of the vocal cords. They shorten the cords and vary the tension on the cords. These two 
pairs of muscles and the vocal cords themselves are vulnerable to injury during cricothyrotomy.

The innominate or brachiocephalic artery crosses from left to right anterior to the trachea at the superior thoracic inlet and lies just beneath the sternum. Its pulsations can sometimes be palpated during dissection. The trachea is made up of 
semicircular cartilaginous rings anteriorly and laterally, which can be palpated through the skin in a thin person. The trachea is membranous posteriorly, as are the spaces between the rings.

The thyroid gland lies anteriorly to the trachea with a lobe on either side, with the isthmus crossing the trachea at the level of the second to fourth tracheal rings. This tissue is extremely vascular and must be dealt with gently to prevent 
bleeding.

The recurrent laryngeal nerves and inferior thyroid veins that travel in the tracheoesophageal groove are paratracheal structures that are vulnerable to injury if dissection strays from the midline. The great vessels too could be damaged should 



dissection go lateral.

TRACHEOTOMY INTRODUCTION

Tracheotomy is a surgical procedure in which an opening is made in the anterior wall of the trachea to establish an airway. This procedure is often temporary and reversible if the patient is able to breathe through an unobstructed upper 
airway.

In contrast, tracheostomy is the surgical creation of and opening into the trachea through the neck, with the tracheal mucosa being brought into continuity with the skin. This procedure is most often but not always permanent. The terms are 
often used interchangeably. Today, because of advancements in intensive care and the widespread use of mechanical ventilation, tracheotomy is one of the most commonly performed surgical procedures.

The 1989 Consensus Conference on Artificial Airways in Patients Receiving Mechanical Ventilation recommended performing a tracheotomy in patients whose need for prolonged artificial airway is anticipated.[15] [39] It also recommended that 
the conversion from translaryngeal intubation to tracheotomy be made as early as possible to minimize the duration of translaryngeal intubation. Evidence suggests that the risk of long-term airway complications significantly increases with 
translaryngeal intubation beyond the tenth day.[47] [50] Prolonged translaryngeal intubation is associated with increased laryngeal injury, glottic and subglottic stenosis, infectious complications, and tracheal injury such as tracheomalacia, and 
tracheal stenosis. Converting intubation to a tracheotomy also may facilitate suctioning, feeding, and mobility; promote early return of speech; and decrease the work of breathing. In fact, tracheotomy may actually expedite weaning in 
patients with marginal ventilatory capacity by reducing the airway resistance. [25] [9] 

Tracheotomy Timing

When a decision has to be made on the appropriate time to perform a tracheotomy, consider the following: 

• Emergent (also known as slash trach): Only indicated when emergency airway distress and impending death of a patient exist. This is usually the exact indication for a cricothyrotomy. A slash trach should be considered only when it is 
impossible to intubate or perform a cricothyrotomy.[21] The complication rate for emergency tracheotomy is as high as 21%.[19] 
• Urgent (awake): This is indicated when a patient is in respiratory distress and needs immediate surgical intervention. This is best performed in a controlled environment (the intensive care unit or the operating room) while using local 
anesthesia on an awake patient. These patients are typically very minimally sedated.
• Elective: Most elective tracheostomies are performed on patients who are already intubated and who are having a tracheostomy for prolonged intubation. Additionally, patients undergoing extensive head and neck procedures may 
receive a tracheostomy during the operative procedure to facilitate airway control during convalescence. [21] 

INDICATIONS FOR TRACHEOTOMY

Current indications for tracheotomy are: prolonged intubation and mechanical ventilation, bypass of an upper airway obstruction, easier management of secretions, as an adjunct to chest or head and neck surgery in which ventilation 
problems or prolonged intubation are anticipated ( Table 106-2 ).

The earliest indication for the procedure was upper airway obstruction resulting from trauma or infection. As late as the 1950s, the major indication for
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TABLE 106-2 -- RELATIVE CONTRAINDICATIONS TO PERFORM PERCUTANEOUS DILATIONAL TRACHEOTOMY

Children younger than 12 years of age

Anatomic abnormality of the trachea

Pulsating palpable blood vessel over the tracheotomy site

Active infection over the tracheotomy site

Occluding thyroid mass or goiter over the tracheotomy site

Short or obese neck

Positive end-expiratory pressure >15 cm H2 O

Platelet count <40,000/mm3 

Bleeding time >10 min

Prothrombin time or partial thromboplastin time >1.5 times control

Limited ability to extend the cervical spine

History of difficult intubation
 
tracheotomy was upper airway obstruction because of infectious disease including diphtheria, polio, Ludwig's angina, tetanus, and laryngotracheobronchitis.[29] [41] [49] 

Other causes of upper airway obstruction necessitating tracheotomy include obstruction due to neoplastic processes, or functional obstruction such as bilateral vocal cord paralysis or edema secondary to smoke inhalation or caustic agent 
ingestion. In such cases, patients are usually stabilized by tracheal intubation or with a cricothyrotomy and tracheotomy later.



Although facial fractures in and of them selves are not an indication for tracheotomy, in cases of severe maxillo-facial trauma, tracheotomy is sometimes used to secure an airway where intubation would be difficult or damaging.

Today, the most common indication for tracheotomy is prolonged tracheal intubation, usually with mechanical ventilation. A recent review of more than 1000 consecutive tracheotomies found that 76% were performed to facilitate 
mechanical ventilation.[21] 

Surgical Technique

Tracheotomy is optimally performed under general anesthesia in the operating room. If necessary, the procedure may be performed under local anesthesia or in an intensive care setting.[29] In case a tracheotomy is being performed under local 
anesthesia, the surgeon and the anesthetist have to work in tandem to keep the patient maximally reassured. On most occasions the anesthetist may use minimal sedation to achieve patient comfort without compromising the ability to breathe 
spontaneously. Another critical precaution to keep in mind is to avoid the use of Bovie cautery. The surgical field may be getting the oxygenrich gas mixture from the nasal cannula or the ventilating mask. This simple precautionary measure 
will avert the risk of igniting fire in the surgical field.

The basic technique consists of either a vertical incision from the cricoid cartilage, 1.5 inches inferiorly or a horizontal incision midway between the sternal notch and the cricoid cartilage ( Figure 106-1 ). The incision is carried down through 
the skin, subcutaneous tissue, and platysma to reveal the strap muscles. If the patient is obese and the adipose tissue obtrusive, a minimal cervical lipectomy may be performed.[23] At this level, the dissection should be in a vertical plane 
regardless of the skin incision chosen. The strap muscles are separated by a vertical incision through the bloodless midline raphe (linea Alba) and retracted from one another revealing the thyroid isthmus which typically lies over the third and 
fourth tracheal ring ( Figure 106-2 ). The isthmus may be dealt with in a number of ways. This decision is based on the position of the isthmus relative to the wound and the surgeon's personal preference. It may be superiorly retracted, 
transected, and suture-ligated ( Figure 106-3 ), transected slowly using a monopolar cautery (Bovie)[10] [28] ( Figure 106-4 ), or inferiorly retracted (least commonly used method).[28] The trachea is revealed and the third and fourth tracheal rings 
are identified using the cricoid as a landmark. As with the skin incision, there are equally reasonable choices for the entrance into the trachea. An inferiorly based trap door flap (Bjork flap) can be created using a Mayo scissor and sutured to 
the subcutaneous tissue using 3-0 chromic suture.

Alternatively the anterior section of a single tracheal ring can be resected or a round or vertical oval window spanning two tracheal rings be excised [15] [29] [47] using a scalpel, curved Mayo scissor, or a tracheotomy punch ( Figure 106-5 and 
Figure 106-6 ). The endotracheal tube cuff is deflated and the tube slowly withdrawn by the anesthesiologist until the inferior tip of the tube is lined up with the superior border of the newly formed tracheal opening. A tracheotomy tube is 
then inserted through the tracheotomy into the airway and the patient is ventilated.

Tracheotomy Complications

The complications of tracheotomy may be categorized by the interval from the procedure to the onset of the complication and are thus divided into intraoperative, early, and late postoperative. It should be noted that there may be an overlap 
in the timeframe in which early, intermediate, and late complications present. It is important to note that specific patient populations, such as the pediatric, post head trauma, obese, burn patient, or seriously debilitated are more susceptible to 
complications related to tracheotomy.[20] 
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Figure 106-1 A, Surface anatomy of the neck with skin incision for the tracheotomy (left) and cricothyrotomy (right). B, A vertical skin incision is made between the cricoid and second tracheal ring as assessed by palpation through the skin. 



 

Figure 106-2 The strap muscles are separated through the bloodless midline raphe to reveal the underlying thyroid isthmus. 

 

Figure 106-3 The thyroid isthmus may be retracted or suture ligated. 

 

Figure 106-4 The thyroid isthmus may be safely transected slowly using a monopolar cautery (Bovie) when it obscures the proposed entrance site into the trachea. 

 

Figure 106-5 A horizontal incision can be made in the intracartilaginous space. 



 

Figure 106-6 A tracheotomy punch is then used to make a circular window in the anterior wall of the trachea. 

 

Figure 106-7 The cricothyroid membrane is palpated through the skin using the thyroid notch and cricoid cartilage as reference points. 

 

Figure 106-8 Needle cricothyrotomy. A large-gauge needle and cannula with a syringe attached is introduced through the cricothyroid membrane until air can be aspirated. 

 



TABLE 106-3 -- CONTRAINDICATIONS TO PERFORMING A PERCUTANEOUS DILATIONAL TRACHEOTOMY

Relative contraindications

••Children younger than 12 years of age

••Anatomic abnormality of the trachea

••Pulsating palpable blood vessel over the tracheotomy site

••Active infection over the tracheotomy site

••Occluding thyroid mass or goiter over the tracheotomy site

••Short or obese neck

••Positive end-expiratory pressure greater than 15 cm H2 O

••Platelet count less than 40,000/mm3 

••Bleeding time greater than 10 minutes

••Prothrombin time or partial thromboplastin time greater than 1.5 times control

••Limited ability to extend the cervical spine

••History of difficult intubation

Absolute contraindications

••Need for emergency airway access
 
rate of complications as long as the patient selection and adherence to a procedural protocol is assured.[12] 

Ciaglia described a technique in which there is no sharp dissection involved beyond the skin incision.[12] The patient is positioned and prepped in the same way as for the standard operative tracheotomy. The procedure is done under general 
anesthesia and all steps are done under bronchoscopic vision. A skin incision is made and the pretracheal tissue is cleared with blunt dissection. The endotracheal tube is withdrawn enough to place the cuff at the level of the glottis. The 
endoscopist places the tip of the bronchoscope such that the light from its tip shines through the surgical wound. The operator then enters the tracheal lumen below the second tracheal ring with an introducer needle. The track between the 
skin and the tracheal lumen is then serially dilated over a guidewire and stylet. A tracheotomy tube is the placed under direct bronchoscopic vision over a dilator. The placement of the tube is then confirmed again by visualizing the 
tracheobronchial tree through the tube. The tube is then secured to the skin with sutures and the tracheostomy tape ( Figure 106-9 , Figure 106-10 , Figure 106-11 , and Figure 106-12 ).

In the second technique, known as the Shachner (Rapitrac) system, after making a small skin incision, the surgeon passes a dilator tracheotome over the guidewire into the trachea to dilate the tract fully in one step.[41] The tracheotome has a 
beveled metal core with a hole through its center that accommodates a guidewire. Once inside the trachea, the tracheotome is dilated. A conventional tracheotomy canula, fitted

2451

 
Figure 106-9 Guidewire introduction, with removal of sheath.[17]  



 

Figure 106-10 Guidewire and catheter are advanced together into the trachea as far as the skin positioning marks on the guide catheter to the skin.[17]  

 

Figure 106-11 Guidewire, guide catheter, and dilator unit are advanced together into the trachea to the skin positioning mark.[17]  

 

Figure 106-12 The tracheotomy tube is loaded onto a dilator and advanced into the trachea over the guidewire and catheter. The guidewire and catheter are removed, leaving only the tracheostomy tube in the trachea.[17]  
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Chapter 107 - ENDOSCOPY OF THE TRACHEOBRONCHIAL TREE

Rex C. Yung 

INTRODUCTION

Careful consideration of the central and peripheral airways, pulmonary parenchyma, and vasculature is germane to the evaluation of the head and neck. Rapid advances in the realm of imaging are making possible ever more accurate 
characterization of the anatomic distribution and metabolic properties of normal tissues and pathologic lesions in the head and neck and thoracic structures. Such combined multimodality and multiplanar imaging also makes possible accurate 
preprocedural planning of diagnostic and therapeutic interventions. However, although there are now many algorithms to deliver such three-dimensional (3D) imaging, including the promise of "virtual endoscopies" through luminal 
structures such as the tracheobronchial tree, there remains no substitute for tracheobronchial endoscopy in the performance of a detailed examination of the airway surfaces and in directing biopsies and interventional procedures.

Pharyngeal, laryngeal, and thyroid lesions can lead to airway compromise due to direct tracheal and endobronchial extension or extrinsic compression of the central airways. Examples include upper airway malignancies, and also benign but 
proliferative lesions, such as recurrent respiratory papillomatosis that may extend out to the peripheral lung units.[1] Malignant otolaryngologic lesions have the potential to metastasize to the lungs, and the diagnosis of systemic dissemination 
will change the overall management. Tobacco-related squamous cell carcinoma of the head and neck region is associated with increased risk for primary bronchogenic carcinoma. Tissue confirmation of synchronous but distinct histologic 
head and neck and lung primaries that can be independently resected for cure will again confer very different management options and overall prognosis. Compromise of thoracic vascular and neural structures, such as the superior vena cava 
and the recurrent laryngeal nerves, are additional causes of morbidity.

This chapter reviews the current technology of tracheobronchoscopy with a focus on the advances in flexible bronchoscopy, including incorporation of various ancillary diagnostic technologies such as endobronchial ultrasound (EBUS) and 
autofluorescence (AF) bronchoscopy. Therapeutic airway interventions for both benign and malignant lesions will also be briefly reviewed.

AIRWAY ANATOMY AND NOMENCLATURE

Although the basic pulmonary function of gas exchange occurs at the level of the alveolus, in the distal acinus beyond respiratory bronchioles, for the purpose of the bronchoscopist, it is more important to recognize the more proximal airway 
divisions. Distal to the trachea and the mainstem bronchi, the lobar bronchus defines the division of the lobes, and the segmental bronchi the pulmonary lobules. There are thus three lobes in the right lung, with normally ten segmental 
lobules, although there may be some anatomic variants ( Table 107-1 ). In the left lung, the left upper lobar segments and the lingular subsegments come off the same left upper lobe bronchial division, and this also explains why resection of 
the left upper lobe often requires inclusion of the lingular and vice versa. Because of the anatomic divisions, the left lung is often divided into nine segmental lobules, although here again anomalies exist and the bronchoscopist should be 
familiar with the variations. Because of the location of the heart, the right lung usually accounts for 55% to 60% of the total lung parenchyma, and the left lung the smaller remainder. This becomes important when estimating residual 



pulmonary function after a planned lobar resection or pneumonectomy.

An additional source of frequent confusion in the naming of the segmental and subsegmental bronchi has to do with the frequent but incorrect interchange of the terms generation and order of the bronchial segments. Standard nomenclature 
of the human airways
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TABLE 107-1 -- PULMONARY LOBES AND SEGMENTS

Right lung  

Right upper lobe (RUL) RB1 apical segment of RUL

 RB2 posterior segment of RUL

 RB3 anterior segment of RUL

Right middle lobe (RML) RB4 lateral segment of RML

 RB5 medial segment of RML

Right lower lobe (RLL) RB6 superior segment of RLL

 RB7 medial basal segment of RLL

 RB8 anterior segment of RLL

 RB9 lateral segment of RLL

 RB10 posterior segment of RLL

Left lung  

Left upper lobe (LUL) LB1/2 apical posterior segment of LUL

 LB3 anterior segment of LUL

Lingula LB4 superior segment of lingula

 LB5 inferior segment of lingula

Left lower lobe (LLL) LB6 superior segment of LLL

 LB7 medial basal segment of LLL

 LB8 anterior segment of LLL

 LB9 lateral segment of LLL

 LB10 posterior segment of LLL
 
denotes the trachea as the zero-generation airway, with each of the right and left mainstem bronchi being the first generation, lobar bronchi the second generation, lobar segmental bronchi the third generation, and so forth. Conversely, order 
of airway segment refers to the retrograde counting of branching from the "lobular bronchiole," which is the first airway segment with a diameter of less than 0.7 mm. Hence, more central airways of a larger dimension will actually have a 
higher order. [30] [34] However, given the uneven segmentation and subsequent diminution of airways' calibers, there is far less uniformity of which division of airway in the different lobes and lobules will narrow down to 0.7 mm. Finally, 
without an accurate and consistent way of measuring airway lumen diameters in situ during in vivo bronchoscopy, the respiratory lobule has been defined in vitro in excised tissue with the attendant distortions of fixation and unopposed 
airway elastic recoil.[30] Hence, the standard textbook description of the 0.7-mm lobular bronchiole located in the 10th- to 14th-generation bronchi does not match the bronchoscopic findings of airways navigable by a bronchoscope 
significantly wider than 0.7 mm beyond the number of branchings described above.[19] [26] [34] In summary, it is best to use the term generation in the description of sequential airway branchings starting from the central airways. Dr. Shigeto 
Ikeda, regarded as the founder of modern fiberoptic bronchoscopy, also developed a detailed system of naming segmental and subsegmental airways branchings, but that topic is beyond the scope of this chapter.[15] 

INDICATIONS AND PREPARATIONS FOR TRACHEOBRONCHOSCOPY

Indications

Diagnostic and therapeutic indications for tracheobronchoscopy include the evaluation of acute or chronic upper airways and respiratory symptoms including hemoptysis, nonresolving and worsening cough, acute or worsening subacute 
dyspnea that may be accompanied by wheezing or stridor, pleurisy, chest pain, fever, and other symptoms suggestive of a pulmonary infection. The above symptoms may be accompanied by radiologic abnormalities suggesting an 
endobronchial lesion or extrinsic compression of the airways by lung masses or focal or diffuse infiltrates. Patients are often also referred for evaluation of asymptomatic lung or mediastinal masses and nonresolving parenchymal lung 
infiltrates. Pleural effusions usually lead to evaluation of the pleural fluid; however, effusions most often have an underlying parenchymal pulmonary cause, and a nonresolving effusion without an established cause after thoracentesis or 
thoracoscopy should prompt an examination for endobronchial obstruction and a parenchymal lesion obscured by the atelectatic lung. Bronchoscopy is helpful in assessing the placement of endotracheal tubes, especially in difficult intubation 
cases or when double-lumen tubes are used. A flexible fiberoptic bronchoscope (FOB) can be used to guide placement of endotracheal (ET) tubes in difficult airways and unstable cervical spine by having the ET tube prepositioned and 
advanced over the bronchoscope. An FOB can also be used to guide percutaneous tracheostomy. Depending on the findings on radiographs or during a diagnostic bronchoscopy, therapeutic interventions can then be performed to maintain 
airway patency and improve gas exchange[3] [10] ( Table 107-2 ).



After consideration of the appropriateness of the procedure, the next steps of planning should include the multimodality team of radiologists, anesthesiologists, nursing, respiratory therapists, backups in thoracic surgery and interventional 
radiology if their services may be needed, and not least the patient and family for careful discussion and to obtain informed consent.

Radiology

Given the millimeter-range high resolution and rapid multiplanar reconstruction of the airways achievable with multislice spiral computed tomography (CT) scanners, a preprocedural CT scan can help to pinpoint location and extent of 
pathology and to reduce
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TABLE 107-2 -- INDICATIONS FOR TRACHEOBRONCHOSCOPY

Diagnostic evaluation

Chronic nonresolving or worsening cough, especially with signs of aspiration

Voice change, hoarseness

Stridor

Wheezing unresponsive to bronchodilator

Hemoptysis

Pulmonary infections: acute processes not responsive to empiric therapy; recurring pneumonias in the same location

Progressive dyspnea

Radiographic abnormalities:

••Volume loss with suggestion of central airways obstruction

••Isolated lung mass(es)

••Infiltrate(s), localized or diffuse

••Mediastinal masses, adenopathy

••Nonresolving atelectasis

••Nondiagnosed pleural effusion with underlying lung consolidation

Interventional

Assist in securing the airway: intubation over the bronchoscope; confirming position of endotracheal tube; assist with double lumen intubation

Removal of foreign body

Therapeutic aspiration of blood clots, inspissated mucus

Relief of central airways obstruction, both benign and malignant causes:

••Thermal ablation and mechanical removal of tumor

••Débridement of benign stenosis

Balloon dilation

Airway stent placement to maintain airway patency

Guide percutaneous tracheostomy
 
the time spent on exploration in patients with respiratory embarrassment and limited cardiopulmonary reserve. A contrast-enhanced CT scan is especially useful to provide the spatial relationship between pathology and vasculature, and 
hence minimize the risk of accidental and potentially life-threatening vascular injury from interventions such as laser or mechanical débridement. Contrast-enhanced atelectatic lung parenchyma can often also indicate whether there is viable 
lung tissue beyond central obstruction. 3D measurements of airway stenosis length and diameter facilitate the preselection of balloons for bronchoplasty and airway stents for maintaining patency in an obstructed airway segment. A thoracic 
surgeon or interventional radiologist should be consulted before the bronchoscopic investigation of massive hemoptysis in case the bleeding source can only be identified—but not quelled—by bronchoscopic interventions.

Sedation and Airway Management

Maintaining gas exchange is critical during bronchoscopy, together with the desire of minimizing patient discomfort and anxiety. Some degree of sedation, monitoring, and augmentation of oxygenation and ventilation is carried out with the 
assistance of an anesthesiologist or nursing personnel certified in sedation and airway management. Conscious sedation usually includes intravenous sedation with short-acting benzodiazepines (midazolam is most commonly used) or other 
anxiolytic agents plus a short-acting narcotic (e.g., fentanyl, meperidine, or morphine sulfate) to help suppress the cough reflex. In the experience of myself and my colleagues, we also find promethazine (Phenergan) useful in patients who 
are difficult to sedate and those with a strong gag reflex. The medications are given in measured, small boluses and the patient is appropriately monitored with hemodynamics, cardiac rhythm monitors, and pulse oximeters. Not yet routinely 
used but increasingly available is transcutaneous capnography. Deep sedation with propofol (Diprivan) provides for rapid on-and-off titration of sedation and can be very helpful in some difficult-to-sedate patients. The hemodynamic and 



respiratory depression can also be much more profound, and hence additional training in deep sedation is recommended. General anesthesia with inhalational anesthetics with or without intravenous sedation provides the greatest control, but 
this would mandate the use of an ET tube, laryngeal mask airway (LMA) ventilation, rigid endoscopy with side port ventilation, or a previously placed tracheostomy. It is also contingent on the availability of an anesthesiologist or a nurse 
anesthetist who may not be readily available for bronchoscopies performed in endoscopy units separate from the operating rooms.

For patients undergoing bronchoscopy under conscious sedation, topical anesthetics are commonly used to reduce the amount of systemic sedative-narcotics needed to suppress cough, and also to reduce local discomfort in the nasopharynx 
during the passage of the bronchoscope. Lidocaine and its derivatives are most commonly used as a solution or gel and applied topically to the nasal passage or the posterior oropharynx as a spray. Solutions with concentrations between 1% 
and 4% are available, but the operator needs to pay attention to the total dosage applied because systemic lidocaine toxicities, including inadvertent deaths in healthy research subjects, have been reported when more than 500 to 1000 mg is 
delivered topically in a single session.[25] Therefore, except for spraying to the posterior oropharynx, we
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limit the use of topical lidocaine injected via the operating channel of the bronchoscope onto the vocal cords and airway mucosa to less than 50 mL of 1% lidocaine (500 mg total dosage). Cocaine is a very effective topical anesthetic and has 
the advantage of vasoconstricting the nasal mucosa membrane; it is, however, not generally available for use in the average endoscopy suite.

Miscellaneous medications that can be used in bronchoscopy include atropine or glycopyrrolate in patients with excessive secretions. Although it is not always possible to anticipate which patients will benefit from parasympathomimetic 
agents, chronic bronchitis patients with acute bronchitis and those with preprocedural problems handling bronchial secretions may be good candidates. Caution should be directed toward tachycardia.

Patient Positioning and Route of Bronchoscope Entry

In a consciously sedated patient with or without a previously placed tracheostomy, a flexible bronchoscope can be introduced with the patient supine or in a sitting position. It is generally easier to approach the patient with the bronchoscopist 
standing at the head of the bed. If choosing a nasal approach, a cotton swab soaked with a lidocaine solution or gel is used to determine which of the nares permit easier passage. Studies have found shorter and smaller patients to experience 
greater postprocedural nasal discomfort when the same-sized bronchoscope is used; hence, for such patients, an oral approach may be preferable. Conversely, because of the sharper angulation of the bronchoscope at the posterior oropharynx 
when introduced orally, patients tend to have a greater gag response; therefore, a more thorough application of topical anesthetics to the posterior oropharynx is recommended. Because of the risk of trauma to the teeth and the instrument 
being used, a properly secured bite block is mandatory in this approach. For rigid bronchoscopy, although the early pioneers performed the procedure on fully conscious patients placed in a sitting position, for all intents and purposes, the 
procedure should be carried out with the patient supine and the neck extended. The patient is almost always deeply sedated to fully anesthetized with paralysis to facilitate the passage of the rigid bronchoscope. The rigid bronchoscope can 
most easily be introduced via the oral route. The insertion and maneuvers of the rigid bronchoscope (RB) as well as the proper ventilation and anesthesia for the RB will be covered in a separate section.

Ventilation and oxygenation can be better maintained in a more upright patient under lighter sedation. Using a flexible FOB, the approach is made from the front of the patient. The approach via the nares or an oral passage is similar, 
although the view on the monitor is inverted because of the position of the bronchoscope tip relative to the approach. Once past the vocal cords, the bronchoscope can easily be turned to regain the familiar view with the ventral or anterior 
surface of the body facing the top.

In patients under deep sedation or general anesthesia, either flexible FOB or rigid-tube bronchoscopy can be used to examine the airways. For flexible FOB, gas exchange is maintained either with an ET tube or a laryngeal mask; the latter is 
usually sufficiently large such that bronchoscope size is not a factor in limiting adequate ventilation and oxygenation. For the ET tube, prior discussion with the anesthesiologist will ensure that a sufficiently large ET tube is inserted to permit 
smooth passage of the bronchoscope. For therapeutic cases using bronchoscopes with a diameter of 6.0 mm or greater, an ET tube of at least 7.5 mm is needed. An additional option is to perform direct suspension laryngoscopy with 
intermittent ventilation via an ET tube alternating with bronchoscopic examination and intervention.

To facilitate passage of the flexible bronchoscope, water-soluble lubricants are applied to the sheath of the bronchoscope. Lubricant jelly (KY Jelly) has the disadvantage of drying rather quickly, leading to stiffness in maneuvering, 
especially when the scope is introduced nasally. Lidocaine jelly is a good alternative that also provides some local anesthesia. Newer compounds, such as Endolube, provide excellent lubrication and are ideal when the bronchoscope has a 
tight fit through devices such as an ET tube. The cost is higher, and caution is necessary to prevent accidental dislodgement from the ventilator because the lubricant also makes slippery the various connections between the ET tube and 
ventilator tubings. Mineral oil should not be used if at all possible because there is the potential of aspirated oil leading to a lipoid pneumonia, although the quantity of oil is so small as to make this a very unlikely complication.

Patient Discussion and Informed Consent

Well-informed and educated patients and families are more likely to be compliant with therapy. In the case of bronchoscopy, especially in consciously sedated cases, an explanation of the steps will help to alleviate the anxiety over the 
coughing and gagging that can sometimes lead to premature termination of the procedure. Ancillary diagnostic and therapeutic procedures, especially on hyperemic inflamed or malignant tissue, will often lead to bleeding and postprocedural 
hemoptysis that should taper off. Similarly, a substantial portion (25%–50%) of patients may experience transient postprocedural fever during the first 24 hours.
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The cause need not be infectious and may be more frequent after bronchoalveolar lavage (BAL) that can result in surfactant washout. Informing patients of these two possible minor complications can obviate anxious midnight calls the 
evening after a procedure. Conversely, they should also be warned about prolonged bleeding and delayed pneumothoraces that may not be detected immediately after the procedure. Therefore, persistent and high spiking fevers, hemoptysis, 
and worsening dyspnea should prompt a reevaluation with radiograph, physical examination, and other laboratory tests, as indicated.

RIGID BRONCHOSCOPY

RB retains certain important advantages over flexible FOB including the much larger lumen that affords access to larger instruments, which may be necessary to remove foreign bodies, to provide adequate suction in brisk hemoptysis, to 
place noncompressible Silastic airway stents, and to use the bronchoscope itself to core out tumors and to provide direct tamponade to a bleeding source. However, even though the pioneers of rigid bronchoscopy had performed RB on fully 
conscious patients placed in various positions including sitting upright, RB today is performed almost exclusively on patients under general anesthesia, and rarely with only topical anesthesia and conscious sedation without paralytics. More 
commonly intravenous deep sedation, with or without inhalational anesthetics, are used. A variety of ventilatory strategies are used, from intermittent apneic ventilation to spontaneous/assisted ventilation. Oxygenation and ventilation can be 



provided by tidal volume through a closed system or via an open system of side port Venturi jet ventilation. Before insertion of the RB, either alone or with a telescope lens through the bronchoscope tube to provide a better distal view, the 
patient must be examined for neck stability and for any loose teeth or dentures. A shoulder roll may give room for added extension of the neck. With or without a teeth guard to protect the upper teeth, the operator's left thumb is placed over 
the upper teeth and the index finger scissored open to lift up the lower teeth of the relaxed jaw. The bronchoscope with the bevel up is then directed midline and almost perpendicularly toward the hypopharynx until the uvula is passed, and 
the bronchoscope angle is thereafter slowly leveled towards the horizontal, seeking out the epiglottis while lifting the base of the tongue. When the vocal cords are clearly visualized, the bronchoscope is rotated 90 degrees such that the 
beveled edge can enter the trachea along the length of the vocal cord, thereby limiting trauma to the cords. Once the tip of the rigid bronchoscope is clearly in the trachea, it is rotated back to its starting position with the bevel up. Left hand 
and finger positions are maintained to protect the teeth, although it is also necessary to occasionally use the left hand to provide a better seal around the cuffless RB at the level of the cricoid and thyroid cartilages when ventilation is applied. 
Because larger operative rigid bronchoscopes with diameters of 11 to 12 mm are now available for silicone stent insertion, upper airway and vocal cord edema may be a more severe problem at the end of a prolonged case, hence careful 
examination of the cords and hypopharynx is important to avoid postprocedural stridor and upper airway obstruction. With the advent of flexible FOB, the number of respiratory disease teaching programs routinely including RB in their 
training curriculum is also shrinking. Therefore, even though RB should be a skill acquired by all bronchoscopists, generally only those being trained in a thoracic surgical program or a pulmonary program with an active airways 
interventional program will get adequate exposure and practice.[7] 

FLEXIBLE FIBEROPTIC BRONCHOSCOPY

Advances in fiberoptics, illumination, and image capture including the use of true color-chip charged couple device cameras embedded in the distal tip of the FOB have greatly improved the imaging capabilities of the FOB. Most new 
flexible FOBs are now videoscopes with high-resolution true-color rendition of the image captured by the distal chip. The illumination is still delivered via fiberoptic bundles. The improved imaging quality and the ease of recording areas of 
interest with digital still images or video segments are offset by the cost of these bronchoscopes, plus the dedicated processor and high-quality video display units. The start-up cost of such a setup with two videobronchoscopes will be in the 
$60,000 to $80,000 range. Conventional FOBs, in which the image is relayed via fiberoptic bundles and viewed at the proximal end of the FOB by the eyepiece or connected to a video display, continues to have a role. This is especially true 
for FOBs used at the bedside or during operations to confirm the position of the standard or dual-lumen ET tubes and for the attachment of special illumination and visualization devices such as during autofluorescent bronchoscopy.

Range of Flexible Bronchoscopes and Special Features

Although there remains the tendency to subdivide bronchoscopes into "adult" and "pediatric" categories depending on their outer diameter, this distinction is arbitrary. Because bronchoscopists venture more peripherally with FOB to sample 
focal lesions, and more interventional procedures via a flexible FOB are performed in the pediatric population, it makes more

2459

sense to describe the bronchoscopes and leave their judicious application to the bronchoscopist based on their experience and the situational need.[19] [26] 

All FOBs have an illumination fiberoptic bundle and imaging fiberoptics or a camera. With the exception of the very few "ultrathin" bronchoscopes, there is also a channel for suction of secretions and blood, for the passage of topical 
medication and fluid for washing, and for the passage of various instruments  

TABLE 107-3 -- FLEXIBLE BRONCHOSCOPES, DIMENSIONS, AND FEATURES

Manufacturer/Model Number Features Outer/Channel phi Length

Fujinon    

CHO-SP Fiber 4.9 / 2.0 mm 40 cm

BRO-YP2 Fiber 4.8 / 2.0 mm 57.5 cm

BRO-Y35 Fiber 5.7 / 2.0 mm 57.5 cm

BRO-YL2 Fiber Therapeutic 6.4 / 2.6 mm 57.5 cm

EB-270S Video 4.9 / 2.0 mm 60 cm

EB-270T Video Therapeutic 5.9 / 2.8 mm 60 cm

EB-470S Video 4.9 / 2.0 mm 60 cm

EB-470T Video Therapeutic 5.9 / 2.8 mm 60 cm

Karl Storz endoscopy    

11001B11 * Fiber 5.2 / 2.0 mm 55 cm

11004B11 * Fiber Therapeutic 6.4 / 2.8 mm 55 cm

Olympus    

BF-N20 Fiber View only (no operating channel) 2.2 mm 55 cm

BF-XP160F Video Ultrathin 2.8 / 1.2 mm 60 cm

BF-XP40 Fiber Ultrathin 2.8 / 1.2 mm 60 cm

BF-3C40 Fiber Slim 3.6 / 1.2 mm 55 cm

BF-MP160F Video Thin 4.0 / 2.0 mm 60 cm

BF-P160 Video 4.9 / 2.0 mm 60 cm



BF-P40 Fiber Slim (older) 5.0 / 2.2 mm 55 cm

BF-160 Video 5.2 / 2.0 mm 60 cm

BF-1T40 Fiber Therapeutic 5.9 / 2.8 mm 55 cm

BF-40 Fiber Standard (old) 6.0 / 2.2 mm 55 cm

BF-1T160 Video Therapeutic 6.0 / 2.8 mm 55 cm

BF-XT160 Video Therapeutic 6.2 / 3.2 mm 60 cm

BF-XT40 Fiber Therapeutic 6.3 / 3.2 mm 55 cm

Pentax    

FB-8V Fiber Ultrathin 2.7 / 1.2 mm 60 cm

FB-10V Fiber Thin 3.4 / 1.2 mm 60 cm

FB-15V Fiber 4.9 / 2.2 mm 60 cm

EB-1530T3 Video 30 series 5.3 / 2.0 mm 60 cm

EB-1570K † Video K series 5.5 / 2.0 mm 60 cm

FB-18RX Fiber 5.9 / 2.2 mm 60 cm

FB-18V Fiber Therapeutic 5.9 / 2.8 mm 60 cm

EB-1830T3 Video Therapeutic 6.0 / 2.6 mm 60 cm

FB-19TV Fiber Therapeutic 6.2 / 3.2 mm 60 cm

EB-1970K † Video K Therapeutic 6.3 / 2.8 mm 60 cm
*Built-in filter wheel for tissue autofluorescence and drug-induced autofluorescence examination. 
†Pentax's version of advanced color chip camera. 

 
 
 
for diagnostic retrieval of tissues or for therapeutic procedures ( Table 107-3 ). The "average" diagnostic bronchoscope has an outer diameter of 5.0 to 5.5 mm and an operating channel of 2.0 to 2.2 mm. This caliber channel will admit most 
cytology brushes, bronchial biopsy forceps, and transbronchial aspiration needles with sheathed outer diameters between 1.8 and 2.0 mm. Smaller bronchoscopes in the range of 3.0 to 4.0 mm at the outer diameter and correspondingly

2460

smaller channels are usually given a "P" designation (for pediatrics), but they can of course be used in the adult airways when narrowing is present due to benign strictures or malignant stenosis. Newer generations of "slim" video and FOBs 
have a 2.0-mm operating channel with a 4.0-mm outer diameter. The one disadvantage of these bronchoscopes is the sacrifice of a smaller image area because of fewer optical bundles. Larger "therapeutic" bronchoscopes (often designated 
with a "T" in the model number) can of course also be used for diagnostic purposes, but the larger outer diameter can cause greater discomfort and mucosal trauma to a conscious patient and can be harder to pass through an ET or 
tracheostomy tube, and thus can also impair gas exchange to a greater degree. Such therapeutic bronchoscopes have an outer diameter between 6.0 and 6.3 mm, with operating channel lumen between 2.6 to 3.2 mm. Certain therapeutic 
instruments, including larger laser fibers, larger electrocautery forceps designed for gastrointestinal endoscopes, cryotherapy probes, and expandable balloons for bronchoplasty will require these larger diameters for their use through FOB. 
Prototype bronchoscopes with a 9-mm outer diameter and a 5-mm operating channel have been made, the main application of which is to provide access of therapeutic instruments to airway segments that cannot normally be reached by rigid 
open tube bronchoscopes and telescopes ( Figure 107-1 ). At the other extreme are the ultrathin bronchoscopes, with outer diameters smaller than 3 mm. The production models Olympus BF-XP40 and the video BF-XP160F have outer 
diameters of 2.8 mm and operating channels of 1.2 mm. Special instruments (e.g., reusable cytology brush and forceps) of the proper caliber are available for tissue sampling ( Figure 107-2 ). Handling of these ultrathin bronchoscopes is 
often more challenging because the very floppy tips make steering more difficult. Suction via the narrow channels is also much more limited. Nevertheless, with practice and by using small amounts of saline to flush open the distal airways in 
guiding the bronchoscope forward, the ultrathin bronchoscopes can traverse 12 to 16 generations of airways, and under fluoroscopic or CT guidance, are seen to approach the periphery of the lungs to sample focal lesions. [19] [26] The passage of 
a 2.8-mm instrument beyond the midteens division of the lobular bronchiole measured at 0.7 mm in fixed tissue calls into question some of the accepted measurements of the adult human airways. To permit the greater distance traversed, 
such ultrathin bronchoscopes usually have an operating length of 60 cm, 5 cm longer than the older bronchoscopes, although the current generation of videobronchoscopes are all built with a 60-cm working length.

 
Figure 107-1 Range of FOBs with outer and channel diameters of 4.9/2.0 mm and 6.0/2.8 mm and a prototype therapeutic scope of 9.0/5.0 mm. Note the insulated white ceramic plate, necessary for safe use of electrosurgery. 

 

Figure 107-2 An "ultrathin" bronchoscope with an outer diameter of 2.8 mm and working channel of 1.2 mm and a custom forceps holding up a coin for size comparison. 



 

Figure 107-3 Instruments for use with a flexible FOB. From Top reusable forceps with steel wire catheter sheath (Olympus USA), disposable forceps with coated catheter (Microvasive, Boston Scientific), disposable needle forceps, large 
electrocautery forceps, requires a 2.8-mm channel, electrocautery snare, handle with wire attachment for electrosurgical instruments. 

 

Figure 107-4 Transbronchial biopsy of a peripheral (left upper lobe) lung mass by fluoroscopic guidance. 

 

Figure 107-5 Transbronchial needles and cytology brush: from Top 18-gauge Sofcor plastic (Microvasive), 19/21G MW 319 Histology steel; 15-mm length (Bard-Millrose); 21-gauge SW121 cytology steel, 15 mm (Bard-Millrose); 22-
gauge MW122/222/522 cytology steel, 13 mm (Bard-Millrose); cytology brush. 

 

Figure 107-6 Transbronchial needle aspiration of a left paratracheal lymph node. Successful staging of Stage IIIA disease. 



 

TABLE 107-4 -- FEATURES OF DIFFERENT INTERVENTIONAL BRONCHOSCOPY TECHNIQUES FOR TUMOR ABLATION

Mode of Therapeutic Effects Mechanical Débridement Laser APC Electrocautery Cryotherapy Brachytherapy Photo Dynamic Therapy

Immediate ++++ ++++ +++ +++ + - -

Prolonged tumor kill - - - - - +++ ++++

Risk of airway fire - ++ ++ ++ - - -

Perforation risk ++ ++ + + - - -

Hemorrhage risk        

••Immediate ++ + - - - - -

••Delayed and massive - - - - - ++ ++
 
or biochemical methods of causing cell death. The "cold steel" of an RB with the use of forceps for débridement and the tip of the bronchoscope for coring out tumor therefore remains one of the most effective ways to rapidly reopen the 
airways. It is less effective for the removal of scarred-in granulation tissue. The length and rigidity of the standard rigid scope limits access to certain lobes and bronchial segments. Cancers and granulation tissues are both hypervascular, and 
ancillary procedures may be necessary for good hemostasis. Increasingly, powered microdébrider devices designed for use in the sinuses and hypopharynx have been adapted for use below the vocal cords.[8] Unlike laborious tissue removal by 
conventional forceps biopsy, the rapidly rotating microdébrider blade effectively débrides benign scars and granulation tissues as well as cancers. Longer custom-made blades with a length of 37 cm and curved tips (Xomed Corp) can now 
gain access to the proximal right and left mainstem bronchi. Directed by rigid telescopes, controlled débridement is rapid and causes surprisingly little bleeding in spite of rapid tissue removal. We have been able to achieve hemostasis in 
most cases with only the use of topical vasoconstrictors and without the need for additional heat coagulation.[8] [36] True cryotherapy involves direct tissue destruction by applying a contact probe onto the surface of or deeper into the tissue to be 
destroyed. Unlike percutaneous interstitial cryotherapy used in sarcomas or hepatic cancers, a closed system has to be used within the airways so as not to cause asphyxia or unwanted spillage of the cooling agents more distally. Therefore, 
the current generation of airway cryoprobes uses the Joule-Thomson effect of allowing the sudden expansion of compressed gases (nitrous oxide) or liquid nitrogen to cool the metal cryoprobe tip to -89°C, sufficiently below the -40°C to -50°
C needed to cause cell death, cryothrombosis of vessels, and eventual tissue necrosis. Primarily applied for the destruction of airway cancers, the cyroprobe can also be useful in slowing down the growth of proliferative granulation tissue and 
is effective in removing hydratable foreign bodies as described above. Cryotherapy units are relatively cheap to purchase and easy to maintain and to use. The safety profile is favorable because there is little risk of airway or vascular wall 
perforation, and normal nonvascular tissue including bronchial epithelium and the underlying cartilage is cryoresistant and heals almost completely. Conversely, these same effects can be disadvantages because a fairly rapid warming effect 
of about 10°C for every millimeter from the tip results in limited depth of tissue and tumor kill; slower growing tumors such as carcinoids may be relatively cryoresistant. The delay in clinical response and the need for follow-up débridement 
of the necrotic debris limits the usefulness of cryotherapy in high-grade central airway obstruction, causing severe symptoms. [2] [14] 

Thermal Ablation: Hot Techniques

Laser, argon plasma coagulation (APC), and electrocautery are three methods of heat-assisted mechanical resection. There are unique features to each, but there are also common features that will be first discussed. The balance between 
tissue penetration and cutting vs coagulation can be shifted depending on the power settings, the tools used in electrocautery, and the type of laser chosen. However, all three methods are effective in providing good hemostasis in conjunction 
with mechanical débridement. There are also common potential complications that warrant caution in their use. Whether the tissue is only charred or actually vaporized, the resulting plume of smoke and particles will reduce vision and 
contribute to hypoxia, therefore continuous suction via an additional catheter placed within the RB or intermittent suction
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through the working channel of a therapeutic flexible bronchoscope is necessary. Airway fire, which has been reported, is now less likely because of the phasing out of flammable inhalational anesthetic agents; nevertheless, it is prudent to 
work closely with anesthesiologists, giving them ample warning to turn down the inspired fraction of oxygen to below 40%, or to perform the heat débridement only during periods of apneic ventilation. There is no consistent need for 
aluminum wrapping of stiffer red rubber ET tubes, but caution should be exercised when heat is used near potentially flammable material. To avoid costly repairs and even complete destruction of the flexible bronchoscopes, the laser and 
APC should always be on standby when the catheters are being introduced or withdrawn through the working channel of the bronchoscope. As with all interventional procedures within the airway, but especially for these tissue destructive 
procedures, it is important to know where the large vessels are located because perforation of the vascular wall can be a fatal complication.

Laser (light amplification of stimulated emission of radiation) light from different elements and compounds has been used in airway débridement of malignant and benign causes of airway obstruction.[2] [5] Currently, neodymium:yttrium 
aluminum-garnet (Nd:YAG) laser is the one most commonly used within the airways. It is a powerful tool, but because of the potential for airway and vascular perforation, the pulses should be delivered in a noncontinuous mode, starting 
from a lower power setting of 20 to 40 W at the beginning of the case to prevent applying excessive energy density until the tissue response to the laser is established. Laser-safe goggles should be worn by all operating room personnel, and 



the patient's eyes should also protected. The ready-to-fire laser beam should not be accidentally aimed at personnel or equipment. Nd:YAG laser units are expensive to purchase, but thereafter they are fairly easy to maintain. The same Nd:
YAG; KTP; and smaller, less expensive diode lasers capable of delivering focused light in the red 630-nm wavelength can also be used as the light source in the activation of photosensitizing drugs used in photodynamic therapy (PDT) 
discussed in a later section.

APC is another noncontact method for tissue destruction by heat, achieved by the ignition of a charged argon gas plasma that is generated by a high-voltage, high-frequency electrode. The ionized plasma seeks out conductive tissue and 
hence can be sprayed onto a surface that may be tangential to the aiming beam. This property allows for its use in cleaning up prostheses, such as airway stents overgrown by granulation tissue or tumor, with much less risk to the 
nonconductive stent than could be achieved by laser, which is liable to cut through metal and more likely to ignite a fire. APC has been used on tumors, recurrent respiratory papillomatosis, and granulation scar tissues. One disadvantage is 
the relatively shallow depth of tissue penetration and a lesser capability to quickly débride bulky tumor. Several specific risks include the danger of air embolism if the jet of ionized argon gas should be blown into an open vascular structure 
and a potential risk of electrocution if the patient and APC generator are not properly grounded.[2] 

Electrocautery, unlike laser and APC, is a direct-contact form of tissue destruction by heat. Monopolar and bipolar instruments are available to affect airway hemostasis and tissue destruction, with the monopolar instruments preferred. There 
is a wide range of instruments available for use within the flexible bronchoscope, including the blunt-end probe for contact hemostasis, forceps for biopsy and débridement, snare loops of varying diameters for lassoing polypoid lesions, and 
knife for fine cutting (e.g., radial cuts for an obstructing tracheal web). The patient is always grounded, and because of the risk of retrograde conduction of the high-voltage, high-frequency alternating current, the conducting portions of the 
electrocautery instruments are kept clear of the insulated surface of the distal end of the bronchoscope (see Figure 107-1 and Figure 107-3 ).

Photodynamic Therapy and Endobronchial Brachytherapy

PDT is the application of photochemical reactions in generating cytotoxic oxygen radicals that is effective in the destruction of invasive carcinoma and can provide possible cure of preinvasive carcinoma in situ. Three elements are required 
for PDT: (1) hematoporphyrin-derived photosensitizers (PS) with a selective preference for malignant cells; (2) high-energy photon light source to activate the PS; (3) and molecular oxygen to accept the energy from the excited PS to form 
singlet oxygen and other oxygen radicals that are highly reactive and that can cause cell death. To minimize cellular damage to normal cells that will also take up PS compounds, a 48-hour interval between drug infusion and light activation is 
calculated to maximize the tumor-to-normal tissue differential concentration of the drugs. Although the duration of response in maintaining an obstructed airway patent is at least equivalent to laser débridement, the delayed response in PDT 
(from the time delay between PS injection to light activation and subsequent need for removal of necrotic tissue) means that PDT is not a method for relieving acute and severe airway obstruction. Further disadvantages include systemic 
photosensitivity for 30 to 60 days and potential allergy to and high unit cost of the PDT compounds. In earlier studies with
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less tumor-specific PS compounds and with perhaps excessive photon exposure, life-threatening hemoptysis and asphyxiation due to tissue necrosis of the bronchial mucosa and tumor bed led to the suggestion that only small 
noncircumferential tumors can be safely treated. More recent studies indicate the safe and effective use of PDT in bulky tumors, as long as the patients are closely monitored and emergency airway clearance is possible. Still cautionary is the 
combination of concurrent treatment of PDT with either radiation or chemotherapy because there may be enhanced toxicities of local edema, bronchitis, and the development of acute or delayed fatal hemoptysis. [2] [7] [12] 

Somewhat similar in response to PDT is endobronchial brachyradiotherapy (EBBT), in that the depth of tumor kill is limited to between 5 and 10 mm from the point source of application. Once again, the response is not immediate, and 
therefore brachytherapy is not appropriate for very symptomatic central high-grade tumor obstruction. Finally, although brachytherapy may be effective with carcinoma in situ and submucosal spread of invasive cancer, it should not be used 
in primarily extrinsic tumor narrowing that is not visible by bronchoscopy. Brachy is derived from the Greek expression for short, hence EBBT is the method of directing over a short distance high-intensity radiation originating from a source 
placed within the tracheobronchial tree. The temporary bronchoscopic placement of hollow catheters through which a radiation source can be passed later (remote afterloading) has replaced the initial (1922) direct placement of radium 
implants within the bronchus. This remote-afterloading technique eliminates the risk of radiation exposure to the bronchoscopy room staff. Indications for brachytherapy include treatment of advanced endobronchial cancers in patients who 
have received the maximal dose of external beam radiation therapy or as a boost to planned external beam radiation therapy in patients with newly diagnosed lung cancers with significant endobronchial compromise.[2] [7] [24] EBBT has also been 
applied with curative intent, in small series of patients with carcinoma in situ or a small volume of invasive carcinoma limited to visible portion of the central airways.[29] Although EBBT has been applied almost exclusively to tumor invasion 
of the airways, there are scattered reports of its application in areas of benign stenosis or where granulation tissue has developed at the site of airway anastomoses or at the ends of airway stents. Lower dosages of EBBT are given after 
débridement in an attempt to delay the regrowth of granulation tissue. The bronchoscopic procedure of catheter placement is itself simple and entails no greater complexity than directing the passage of the close-ended brachytherapy 
catheters via the operating channel into selected airway segments narrowed by endobronchial tumor. Sequential placement of two to four catheters directed into several obstructed airway segments permit more precise treatment of a larger 
tumor volume of right or left hilar and endobronchial tumors that rarely if ever conform to the cylindrical radiation dosimetry form of a single catheter. High-energy iridium-192 has largely replaced earlier sources of cesium-137, iodine-125, 
cobalt-60, and radium itself, although the cesium and iodine sources are still occasionally used. The reported dose usually expressed in grays (Gy) is the isodose measured at 1 cm from the radiation source. With current use of iridium-192, a 
high-intensity high-dose rate (HDR) of more than 2 Gy/min with short treatment times of less than 30 minutes has become the standard, with the low-dose rate (LDR) of less than 2 Gy/h and the intermediate-dose rate (IDR) of 2 to 12 Gy/h 
applications largely abandoned. Unlike brachytherapy applications in gynecologic, bone, and soft tissue tumors, there has been such a wide variance in the practice of EBBT that there are no consensus guidelines from the American and 
international endocurietherapy societies as to the ideal dose per fraction, the total number and interval between applications, or the total dose range. The published radiation dose is an applied range from 1 Gy to an upper limit of 15 Gy per 
treatment, with a single to six fractions separated by 1 week to 1 month, thus reaching a maximal cumulative dose of 50 to 60 Gy.[24] It does not appear that the highest dose per treatment nor the maximal dose range confer survival advantage, 
therefore the median range adopted by more experienced practitioners is 7 to 10 Gy per application for a total of two to three treatments. Also not yet established are the risks and benefits of concurrent or close sequential combined 
treatments with external beam radiotherapy, endobronchial PDT, or laser therapies. The most frequent manageable toxicity is radiation bronchitis, but the most severe complication is fatal hemoptysis, which has been reported to occur in 
between 2% and 25% of case series. Frequently, exsanguination is sudden, occurring some time (weeks to months) after brachytherapy; this may be associated with better symptomatic relief, suggesting that a more vigorous tumor necrosis 
response may precede the eventual loss of vascular integrity.

Balloon Bronchoplasty and Endobronchial Stent Placement

In addition to reopening an obstructed airway with the various methods described above, there is the additional task of maintaining airway patency. Furthermore, endobronchial débridement will not be useful in instances where the 
obstruction is extrinsic
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in nature. Dilation of a narrowed airway segment by mechanical means may be helpful in reestablishing airway patency, albeit temporarily, until more definitive solutions can be instituted. Through a RB or a suspended laryngoscope, metal 
mechanical dilators can be gently corkscrewed through a length of tracheal stenosis from fibrotic tissue or tumor. However, areas beyond the proximal right or left mainstem bronchi are seldom accessible, and overall, such dilation is no 
more effective than the use of the RB itself. For more distal portions of the right and left mainstem, and for narrowed lobar and segmental bronchioles, balloon bronchoplasty with fluid-expandable catheter balloons offer another option for 
mechanical dilation. These balloons were originally designed for endoscopic dilation of the biliary tract and the upper (esophageal and pyloric) or lower (colonic) gastrointestinal tracts. Their diameters at full deployment range from 6 mm 
(biliary) to 18 mm. The lengths of the balloons are fixed, ranging from 2 cm (biliary) to 8 cm (esophageal and colonic). Because of the balloons' intended original destination within the gastrointestinal tract, the catheters are usually 180 to 
240 cm in length, somewhat unwieldy for use via an FOB. More recently, dedicated bronchoscopic balloons with a length of 3 cm mounted on shorter catheters have been introduced. These Controlled Radial Expansion (CRE, Boston 
Scientific Microvasive) balloons have the additional benefit of being expandable to three sequential diameters (e.g., 8–9–10 mm, 10–11–12 mm, and 12–13.5–15 mm) dependent on the amount of fluid pressure applied, which can be 
monitored on a manometer supplied with the balloon kit. The fluid can be sterile water or saline, or diluted contrast material that will render the balloon on expansion more visible under fluoroscopy.

In a number of obstructive conditions, such as extrinsic compression or bulky tumor invasion of the airways, débridement with or without dilation will only offer temporary relief. Placement of airway stents may be the definitive treatment or 
may maintain airway patency long enough for adjunctive treatment to control the underlying disease. A large number of stents have been developed or adapted for airway use over the past 20 years.[2] [7] [17] [28] A detailed discussion of all of the 
individual types and their variants goes beyond the scope of this chapter. The stents can be grouped into metallic and Silastic-silicone types; most but not all of the metallic stents are self-expanding, whereas most of the latter group are fairly 
rigid and require RB or direct suspension laryngoscopy for placement.

The earliest airway stent was the Montgomery -tube, a stiff acrylic polymer tube later replaced by silicone, but its placement required a tracheostomy. A number of silicone stents, some reinforced with metallic struts embedded 
circumferentially or three-quarters round to simulate the tracheal cartilage (e.g., Orlowski and Freitag Dynamic Stents, Rusch), are available in various lengths and diameters, plus optional limbs to fit the carina and proximal mainstem. With 
the exception of a single self-expanding polyester reinforced thinned-walled silicone stent (i.e., Polyflex, Rusch), they require rigid instrumentation for placement. Because of the intrinsic thickness of the stent material and the method of 
insertion, they are useful primarily for placement within the trachea and first- to second-generation airways only.

The earliest metallic stents used in the airways were Gianturco-  stents adapted from their intended endovascular application. This type of noncovered stent has to be ballooned open, has no protection against in-growth of tumor, has an 
unacceptably high rate of inducing severe granulation and airway or vascular perforation. Therefore, it has no role today in endobronchial stenting given the number of dedicated endobronchial stents now available. The current generation of 
metallic stents is self-expandable, comes packaged in a much slimmer profile, can be delivered over a guidewire into the distal mainstem and lobar segments, and hence can be deployed without the need for rigid instrumentation. These self-
expandable metal stents are made from stainless steel (e.g., Wallstent) or the nickel-titanium blend of nitinol (e.g., Ultraflex and Alveolus TB-STS). They are available in a variety of lengths and diameters, with or without an outer 
polypropylene covering that helps to prevent tumor in-growth. There can still be the problem of tumor or granulation overgrowing the ends of the stents, and proper sizing is important to prevent excessive movement or excessive tension 
against the airway wall, both of which may promote the proliferation of granulation tissue. Once deployed, the stainless steel Wallstent with the sharp opened prongs is generally fixed in place, whereas the more pliable nitinol stents are 
maneuverable at least until granulation or tumor overgrows the open ends.

Complications of stent placement include trauma to a compromised airway during the stent insertion, including the inadvertent tears to the tracheal-bronchial mucosa already compromised by tumor invasion. An improperly sized covered 
stent can occlude functioning airway segments because it is too large or too long, or if it is too small it can subsequently migrate. All stents, covered or otherwise, will interfere with normal mucociliary clearance and, as a foreign body, will 
promote biofilm formation. Stents can therefore become quickly overgrown with a variety of microorganisms. The problems of granulation and tumor ingrowth have been mentioned. The metallic
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stents can suffer metal fatigue and undergo fracture and, with the single strand weave of nitinol, can unravel.[27] This problem is especially prominent with tracheal stents in which the constant change in curvature of the posterior tracheal 
membrane with breathing in and out results in metal fatigue. We have therefore avoided placing self-expandable metal stents in the trachea if we anticipate chronic need of the stent in benign conditions such as tracheobronchomalacia, or if 
the patient has an anticipated survival beyond several months in malignant conditions.

Esophageal-tracheal and esophageal-bronchial fistulas deserve special mention. The majority of such cases result from malignancies originating from the esophagus and, less commonly, from the bronchus. Fistula formation and poor healing 
may also be due to radiotherapy. Less commonly, such fistulas are congenital or are caused by acute trauma or chronic erosion from a tracheostomy tube. The most common presenting symptoms are coughing with feeding and other signs of 
aspiration. Gastrograffin swallow studies and occasionally 3D CT reconstructions may localize the fistula, but failure to demonstrate the defect should be followed by direct visual examination. Having a conscious patient swallow 15 to 30 
mL of methylene blue or other dye immediately before the induction of anesthesia may be helpful in pinpointing the site of a small but clinically significant fistula. In the absence of an adequate tracheal replacement and the rarity of being 
able to resect the length of involved trachea for primary anastomoses, stenting to cover the fistula can provide palliation of symptoms, including aspiration of oral secretions or recurring lower respiratory tract infections, and can allow the 
patient to swallow for oral gratification in the terminal phase of a malignancy. Either esophageal, tracheal-bronchial, or bilateral stenting with covered self-expanding metallic or silicone stents can be helpful. Close collaboration with an 
interventional gastroenterologist is necessary.

Nitinol with special properties of elastic memory and maximal tensile strength at body temperature continues to be the favored material in the manufacture of metallic stents. New design techniques allow the formation of a self-expanding 
stent by lasering a stent from a single tubular piece of nitinol instead of weaving a stent from a long strand of the material. This technique can produce a stent less susceptible to metal fatigue. The focus on endobronchial stent development is 
on coated stents that can be customized for gene therapy delivery, on coatings with antifibrotic compounds to inhibit granulation tissue, and modifications of the local milieu to reduce formation of biofilms that will promote growth of 
microorganisms.

INNOVATIONS AND FUTURE DEVELOPMENTS

Autofluorescence Bronchoscopy

Early lung cancer diagnosis is the best hope of improving the current poor overall survival of the 169,000 incidences of lung cancer diagnosed in the United States. Visualization of airway pathology by conventional white-light bronchoscopy 
has been improved by the introduction of higher-resolution video charged couple device bronchoscopes; however, early preinvasive lung cancer ranging from moderate to severe dysplasia and carcinoma in situ continues to be an elusive 
finding. It has been recognized that the use of hematoporphyrin-derivative fluorescent compounds can improve the identification of dysplastic airway mucosa, but such diagnostic fluorescent bronchoscopy requires expensive and 
photosensitizing drugs that come with the attendant adverse effects noted in the section on PDT. Since the early 1990s, trials have been ongoing to test and improve systems to detect tissue AF that is altered in dysplastic and cancerous 
bronchial tissues. Reduction of tissue AF in precancerous and cancerous tissue result in a change in the green AF of normal bronchial mucosa toward red-brown to blue-black tints. U.S. trials of several systems, including the Xillix LIFE 



(Laser Imaging Fluorescence Endoscope) and Karl Storz D-Light validate a doubling or higher yield in the detection and localization of severely dysplastic and carcinoma in situ lesions over white-light broncoscopy.[11] [18] [20] 

The examination is carried out with illumination in the violet-blue range of 420 to 450 nm delivered by a cadmium-helium laser or powerful xenon light source, and the AF image is captured by a special filter or camera attachment. A 
complete AF examination takes an additional 10 minutes, on average. Abnormal AF findings will then direct biopsies. The major cause of false-positive findings is due to mucosal trauma, and blood aspirated from the hypopharynx as blood 
and mucosal hyperemia will reduce tissue AF, therefore the bronchoscopist has to be cautious in avoiding bronchoscope contact with the mucosa, over-vigorous suctioning, or other maneuvers that will cause coughing. In addition to using 
AF bronchoscopy to detect early preinvasive lung cancers, AF examination can also help thoracic surgeons planning lung cancer resection by providing an estimate of whether there is submucosal extension of cancer that will mandate more 
aggressive surgeries such as a sleeve resection or pneumonectomy rather than a simple lobectomy. There are other versions of AF bronchoscopes approved in Europe (e.g., Richard Wolf DAFE) and Japan (e.g., Pentax SAFE), but these have 
not been validated in U.S. trials and are hence not currently approved for sale in the United States.
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Endobronchial Ultrasound

Endoscopic application of ultrasound for characterization and localization of extraluminal structures such as lymph nodes, masses, and blood vessels have been mostly developed in the gastrointestinal field. The adaptation of a balloon-tipped 
ultrasound probe for use within the airway lumen allows for a more precise localization of regional lymph nodes for tumor staging and for diagnosis of lymphoma and other lymphoproliferative disorders. Ultrasound probes introduced 
through the working channel of the bronchoscope and directed peripherally have also been used to characterize pulmonary consolidation and may distinguish malignant from nonmalignant causes.[2] [4] [13] Higher-frequency high-resolution 
EBUS can also provide additional information about extrabronchial invasion of the serosal surface or submucosal infiltration by cancer, again with prognostic and therapeutic impact. Case reports in abstract form have also described tracheal 
imaging by EBUS of thyroid malignancies, and these compare EBUS favorably to MRI grading of tumor invasion onto the outer tracheal wall. Currently, sampling by EBUS-directed TBNA requires imaging followed by the removal of the 
probe and substitution of a sampling needle into the working channel. The next adaptation of ultrasound technology into the airways will be the introduction of a dedicated EBUS bronchoscope with a side-directed radial probe and aspiration 
port that will allow real-time aspiration. The extra-long needle (4–8-cm working length) can also be used for image-guided interventions, including direct intratumoral injection of antineoplastic agents.

Endoscopic/Bronchoscopic Lung Volume Reduction

There are an estimated 14 million patients with chronic obstructive pulmonary disease (COPD) in the United States today. Advanced emphysema patients may be candidates for lung transplantation, but there is a marked shortage of donor 
lungs. The National Emphysema Treatment Trial established the benefit of surgical lung volume reduction surgery as an alternative to lung transplantation in select COPD patients. Parallel studies have been undertaken to examine the 
possibility of affecting lung volume reduction by selective blockage of segmental bronchi leading to regional atelectasis. A number of such endoscopic/bronchoscopic lung volume reduction studies using biologic or synthetic adhesives, such 
as fibrin glue and removable valves, are currently ongoing. They hold the promise of either being an effective and less invasive method of lung volume reduction surgery or as a less invasive and reversible trial of lung volume reduction 
before subjecting patients to the rigors of thoracic surgery.[16] [31] Advances in this technology may also find use in the bronchoscopic management of bronchopleural fistulas and in the sealing over of stump dehiscence or tracheobronchial 
esophageal fistulas.

SUMMARY

Tracheobronchial endoscopy is an integral part of the multimodality examination of aerodigestive tract diseases. The widespread availability of flexible FOBs facilitates an extended examination of the lower respiratory tract with minimal 
conscious sedation. The introduction of high-resolution and easy to maneuver videobronchoscopes coupled with innovative imaging technologies, such as AF bronchoscopy and endobronchial ultrasound, is advancing the ability of 
bronchoscopists to identify early airway dysplasia, locate extrabronchial targets such as lymph nodes and mediastinal masses for biopsies, and characterize with greater accuracy the depth and lateral spread of malignancies. Diagnostic 
bronchoscopy is also aided by the availability of an expanding array of instruments including needles, forceps, brushes, and probes that can be deployed through both the large channel rigid and narrow working channel FOBs to sample 
visible central endobronchial lesions or, transbronchially, to sample peripheral lesions.

A high yield from diagnostic procedures, especially for tissue sampling and staging of thoracic malignancies, is in part dependent on the fostering of close working relationships with radiologists who can provide sophisticated imaging 
guidance and with pathologists who can provide bedside confirmation of diagnosis. Therapeutic options to manage both benign fibrotic and malignant distortions of the airways have also grown. Currently, a number of thermal ablative 
techniques ranging from heat therapies with laser, electrocautery, and argon plasma coagulation to cryotherapy complements mechanical débridement in the reestablishment of airway patency. Some treatments provide immediate relief, 
whereas others such as cryotherapy, endoluminal brachytherapy, and PDT are less suitable for the urgent relief of critical stenosis, but may provide prolonged action.

The best method of sequencing or combining some of these therapeutic modes remains to be determined. It is often necessary to combine balloon bronchoplasty and airway stenting to maintain the reestablished airway patency. RB and direct-
suspension laryngoscopy retains an important role in providing superior access and control for these interventional procedures. We anticipate continual innovations in tracheobronchoscopy, with new imaging modalities, such as optical 
coherence tomography and spectral analysis, to provide near in vivo airway diagnosis without need for actual biopsies. New stent materials and manufacturing techniques
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will reduce complications, and coated stents may provide customized therapy. Improved imaging guidance to direct the delivery of high-dose local therapy into central and peripheral airway tumors, as well as the ongoing trials with valves to 
effect endoscopic lung volume reduction, may introduce a bronchoscopic aspect of minimally invasive thoracic therapy to alleviate illness and palliate symptoms in patients with limited lung reserve and advanced lung diseases.
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Chapter 108 - DIAGNOSIS AND MANAGEMENT OF TRACHEAL NEOPLASMS

Christine L. Lau 
G. Alexander Patterson 

OVERVIEW

Tracheal tumors are divided into two types: primary and secondary. Primary tracheal tumors are uncommon. It is estimated that only 2.7 new cases per million per year occur, and therefore only a few centers have acquired expertise with 
their treatment.[41] Primary tracheal tumors can be either benign or malignant. In adults, few primary tracheal tumors are benign; on the other hand, in children the majority are benign. The preferred treatment for primary tracheal tumors is 
surgical excision.

Secondary tracheal tumors are, by definition, malignant and involve the trachea either by direct extension or by hematogenous metastases. Direct extension occurs from lung cancer, esophageal cancer, thyroid cancer, mediastinal tumors, and 
head and neck tumors. Distant metastases from renal cell carcinomas, sarcomas, breast cancer colon cancer, and melanomas are seen.[70] Secondary tracheal tumors are much more common than primary tracheal tumors. Optimal management 
for this diverse group of tumors depends on their location, natural history of the primary, and comorbidities of the patient.[70] In a subset of lung and thyroid tumors that involve the trachea by direct extension, surgical resection offers a chance 
for cure. The vast majority of secondary tracheal tumors are treated palliatively.

HISTORICAL REVIEW

Morgagni described the first primary tracheal neoplasm, a fibroma, in 1761.[69] Over 100 years would pass before experimental attempts at tracheal resection with primary end-to-end reconstruction would be described. [14] Kuester performed 
the first human tracheal resection and primary reconstruction in 1884.[40] Before the 1960s, it was generally believed that tracheal resection was limited to four tracheal rings, about 2 cm, because greater resections would place undue tension 
on the anastomosis and prevent adequate healing.[3] [61] Because of the presumed limits of resection and primary anastomosis, efforts at prosthetic replacement of the trachea were undertaken. In 1950 Belsey[3] [4] reported his initial attempt with 
tracheal reconstruction after resection of an adenoid cystic carcinoma using fascia lata reinforced with stainless wire. Pearson and colleagues [35] [55] used heavy Marlex mesh for tracheal replacement in seven patients and reported excellent 
function of the airway in three patients for several years. Neville and colleagues[50] [51] reported extensive experience with the use of a solid silicone tube to replace the trachea; others, however, have reported unacceptable morbidity and 
mortality with this nonporous material.[66] Over the past several decades, a variety of other foreign materials, nonviable tissue, autogenous tissue, tissue engineering, and transplantation techniques have been attempted, but successful tracheal 
replacement remains elusive.[21] 

Fortunately, the development of techniques for tracheal mobilization [9] [22] [48] made it possible to perform extensive tracheal resections (>50%) with primary reconstruction. With these techniques the need for tracheal replacement is uncommon. 
Techniques for tracheal mobilization have allowed significant advances to be made in tracheal surgery, with primary reconstruction after circumferential resection at the subglottal[54] and carinal levels[19] now possible. For the rare occasion 
when primary anastomosis cannot be performed and replacement is needed, promise lies with tracheal allotransplantation, but long-term immunosuppression requirements will obviously limit its potential uses.[21] 

For secondary tumors involving the trachea and carina, surgical techniques have been developed to address those with potential for cure (thyroid and bronchogenic). * Advances in therapeutic bronchoscopy

*References [19] [26] [27] [30] [31] [32] [40] . 
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offer options for patients who are not candidates for surgical resection. Endoscopic débridement, laser treatment, photodynamic therapy (PDT), cryosurgery, brachytherapy, and stent technology can provide palliation for patients with 
incurable disease. [70] 

PRIMARY TRACHEAL TUMORS

Primary tumors of the trachea are uncommon, but a variety of benign and malignant neoplasms have been described ( Table 108-1 ), often as isolated case reports. Men are slightly more prone to develop tracheal tumors than are women, and 
the peak age is 50 to 59 years. In adults, approximately 88% of primary tracheal tumors are malignant,[24] [55] [56] [59] [60] whereas in children, more than 90% are benign. [17] Primary tumors can originate from any layer in the tracheal wall and 
morphologically are classified as epithelial or mesenchymal tumors. Although primary tumors can be found anywhere in the trachea, the proximal and distal third of the trachea are most frequently affected, as is the membranous wall. A few 
large surgical series of primary tracheal tumors have been reported ( Table 108-2 ).[24] [55] [56] [59] [60] 

 
TABLE 108-1 -- CLASSIFICATION OF TRACHEAL TUMORS

Epithelial Neoplasms Mesenchymal Neoplasms

Benign Benign



Squamous cell papilloma Fibroma

Papillomatosis Hemangioma

Pleomorphic adenoma Granular cell tumor

 Schwannoma

Malignant Neurofibroma

Squamous cell carcinoma Fibrous histiocytoma

Adenoid cystic carcinoma Pseudosarcoma

Carcinoid Hemangioendothelioma

Mucoepidermoid carcinoma Leiomyoma

 Chondroma

Adenocarcinoma Chondroblastoma

Small-cell undifferentiated carcinoma Lipoma

Secondary malignancies Malignant

Invasion by adjacent malignancy Leiomyosarcoma

 Chondrosarcoma

Metastases Paraganglioma

 Spindle-cell sarcoma

Noneoplastic tumors Lymphoma

Tracheobronchopathia osteochondroplastica Malignant fibrous histiocytoma

Amyloidosis Rhabdomyosarcoma

Inflammatory pseudotumor  

(From McCarthy MJ, Rosado-de-Christenson ML: J Thorac Imag 10:180, 1995.)
 
BENIGN PRIMARY TRACHEAL TUMORS

Uncommon in adults, benign primary tracheal tumors are usually well circumscribed, round, soft, and smaller than 2 cm. On chest computed tomography (CT) scanning, these tumors typically do not extend through the tracheal wall. The 
presence of calcium within the lesion suggests a benign histology.

Squamous Papilloma

Squamous cell papillomas are superficial, sessile, or papillary masses consisting of a connective tissue core covered by squamous epithelium. They may, uncommonly, be seen in adults, developing in association with heavy cigarette 
smoking. In children, multiple papillomas or juvenile papillomatosis are the most frequent neoplasms seen.[35] These lesions can be found throughout the respiratory tract. Dedo and Yu[10] reported a series of 264 patients with papillomatosis 
and found the majority of lesions occurred in the larynx (93%). Eleven percent of the patients had papillomatosis in the trachea in addition to the larynx, but only 1.2% had disease isolated to the trachea. Papillomatosis is caused by human 
papillomavirus (HPV) infection transmitted from mother to fetus during childbirth.[65] Despite being a benign tumor, papillomatosis frequently recurs and is difficult to completely eradicate. Fortunately, it usually regresses spontaneously after 
puberty.[35] Numerous therapies have been used, including microdébridement, intralesional cidofovir injections, PDT, pulsed dye laser, and indole-3-carbinol.[10] Recently, the carbon dioxide laser has shown promise in the treatment of 
papillomatosis. [10] Adjuvant treatment with alpha-interferon has been used.[18] 

Papillomas rarely undergo malignant transformation to squamous cell carcinoma and verrucous carcinoma, a phenomenon apparently more commonly seen with HPV 11.[58] An incidence of malignant degeneration of 1.6% to 4.0% is reported.
[10] [38] [74] 

Granular Cell Tumor

Granular cell tumors were first described by Abrikosoff in 1926. [1] At that time these tumors were thought to be myogenic in origin. Subsequently, granular cell tumors have been found to be neurogenic in origin, probably from the Schwann 
cell.[5] These tumors develop throughout the body. There appears to be no sex predilection, but the majority of granular cell tumors occur in blacks. They rarely are seen children. Although approximately 50% of granular cell tumors occur in 
the head and neck region and 10% in the larynx, the trachea is rarely affected.[57] When these tumors do involve the trachea, the cervical portion is the most common location. Multicentric tumors occur in 20% of patients, and these tumors
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TABLE 108-2 -- SUMMARY OF MAJOR RECENT SURGICAL SERIES OF PRIMARY TRACHEAL TUMORS

 MALIGNANT NEOPLASMS BENIGN NEOPLASMS ALL



 SCC ACC Carcin ME Misc Pap Chon Leio GCT Misc Total HM

Pearson and others[55] 9• 28• 0• 0• 5• 0• 1• 0• 0• 1• 44 12.8%

Grillo and Mathisen[24] 70• 80• 11• 4• 11• 5• 2• 2• 2• 11• 198 5%

Perelman and others[56] 21• 66• 20• 5• 13• 2• 0• 1• 0• 17• 144 15%

Regnard and others[60] 94• 65• 9• 5• 8• 2• 5• 5• 3• 12• 208 10.5%

Rafaely and Weissberg[59] 5• 13• 2• 0• 0• 0• 0• 1• 0• 1• 22 4.5%

Total 199• 252• 42• 14• 37• 9• 8• 9• 5• 42•   

% Total 32.3% 40.9% 6.8% 2.3% 6% 1.5% 1.3% 1.5% 0.8% 6.8%   

SCC, squamous cell carcinoma; ACC, adenoid cystic carcinoma; Carcin, carcinoid; ME, mucoepidermoid tumors (low and high grade); Misc, miscellaneous; Pap, papilloma; Chon, chondroma; Leio, leiomyoma; GCT, granular cell tumor; 
HM, hospital mortality for surgical resection.
 
tend to be biologically more aggressive.[44] Granular cell tumors are not encapsulated and have a tendency to invade locally. Approximately one-third of these tumors show extraluminal growth, and in a few patients pure extraluminal growth 
with no endobronchial component has been described. Malignant degeneration occurs in 1% to 2% of all granular cell tumors, but it has never been reported for a tracheal granular cell tumor.[5] Daniel and colleagues, [8] after a review of the 
literature on this tumor, recommend bronchoscopic resection of tumors smaller than or equal to 8 mm in maximal diameter. Granular cell tumors larger than 8 mm have a high likelihood of full-thickness wall involvement and subsequent 
recurrence after bronchoscopic removal, and these should be managed with segmental tracheal resection.

Chondroma

Chondromas are the most common benign mesenchymal tracheal tumors. [24] [55] [56] [59] [60] These tumors are cartilaginous and they tend to be hard, smooth, broad-based, and covered by intact mucosa. The most common site of origin is the internal 
aspect of the posterior cricoid lamina.[15] Within the trachea, they occur with equal frequency at all levels. Calcification is seen in 75% of patients radiographically, although this will not distinguish a chondroma from its malignant counterpart, 
tracheal chondrosarcoma, into which chondromas may degenerate.[62] Incomplete endoscopic resection leads to recurrence, and thus segmental tracheal resection is recommended.

Leiomyoma

Tracheal leiomyomas originate from the smooth muscle of the tracheal wall, typically from the membranous portion of the lower third of the trachea.[12] These tumors grow as a smoothly contoured, polypoid mass and usually have a broad 
base. Death from bleeding has been reported during bronchoscopic excision, and incomplete resection leads to recurrence.[44] Thus, segmental tracheal resection is recommended.

Hemangioma

Hemangiomas of the airway occur in adults and children. In adults, cavernous hemangiomas develop in the larynx, whereas capillary hemangiomas originate in the subglottal trachea. Hemangiomas of the trachea occur more often in 
children, and in children they are the most common subglottal mass causing airway obstruction. [44] These lesions are asymptomatic at birth, but within 6 months most will produce symptoms of inspiratory stridor. A cutaneous hemangioma is 
also present in one-half of affected infants.

In the airway, capillary hemangiomas develop within the submucosa and are covered by normal respiratory epithelium. They are typically located on the posterior or posterolateral aspect of the subglottal trachea, are smooth, bluish in color, 
and project into the airway from a sessile base. Most of these spontaneously regress by 2 to 3 years of age, and close observation is usually advocated. In highly symptomatic patients, successful shrinkage using radiation, steroids, and laser 
ablation has been reported.

Miscellaneous Benign Primary Tumors

A variety of other benign tracheal tumors have been reported including adenomas, myoepithelial cell tumors, lipomas, fibromas, schwannomas, neurilemomas, hemangiomas, paragangliomas, fibrous histiocytomas, neurofibromas, 
chrondoblastomas, benign mucoepidermoid tumors, angiofibromas, xanthomas, myoblastomas, hamartomas, glomus tumors, intratracheal goiters, and chemodectomas. * All combined,

*References [7] [24] [34] [55] [56] [59] [60] [63]  
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these tumors represent fewer than 10% of all primary tracheal tumors. Treatment for these diverse tumors is generally surgical excision, although some may be successfully managed with endoscopic resection.

MALIGNANT PRIMARY TRACHEAL NEOPLASMS

In adults, the majority of primary tracheal tumors are malignant. Typically, malignant lesions have a shorter duration of symptoms than benign lesions, are larger in size, and exhibit an irregular surface. In most large series, more than 80% of 
primary malignant tracheal neoplasms are histologically either squamous cell carcinoma or adenoid cystic carcinoma.[24] [55] [56] [59] [60] 

Squamous Cell Carcinoma

In adults, the most common primary tracheal neoplasm is squamous cell carcinoma ( Figure 108-1 ). [16] [39] [72] However, these lesions are often unresectable at diagnosis, and for this reason in surgical series the majority of malignant tumors are 
adenoid cystic carcinomas. [24] [55] [56] [59] [60] Men are four times more likely to develop this cancer than are women, and the average age of patients is 50 to 60 years. Nearly 100% of those who develop this tumor have a history of cigarette 
smoking, and synchronous or metachronous respiratory 



 
Figure 108-1 A, Cross section of trachea through a tracheal squamous cell carcinoma. The bulk of the mass is intraluminal, with focal growth through the tracheal cartilage and into the adventitial soft tissue. B, Histopathologic examination 
of tracheal squamous cell carcinoma showing a papillary growth pattern, with constituent atypical squamous cells (hematoxylin and eosin, ×40). (Reprinted with permission from The Journal of Thoracic and Cardiovascular Surgery, Vol 120 
(1), Patterson GA, Campbell DB, Clinical-pathologic conference in thoracic surgery: basaloid squamous carcinoma of the trachea, p. 187–193, 2000.) 

 

Figure 108-2 Careful examination of the tracheal air column seen in this standard posteroanterior chest radiograph demonstrates an oval mass nearly obstructing the trachea (arrows). 

 

Figure 108-3 Two images from the computed tomography scan of a patient with what proved to be a tracheal hamartoma demonstrate the degree of tracheal luminal obstruction by the tumor and its attachment to the right lateral tracheal 
wall. Although the right lateral tracheal wall is deformed by the tumor (open arrow), there is no invasion beyond the wall. Fat (closed arrow) within the tumor suggests the diagnosis of hamartoma. 

 

Figure 108-4 Location of cervical incision used for cervical and upper one-half to two-thirds of the mediastinal trachea (unshaded area). The distal trachea and carina (shaded area) requires either a median sternotomy or right posterolateral 
thoracotomy. (Reprinted with permission from F. Griffith Pearson, Joel D. Cooper, Jean Deslauriers, Robert J. Ginsberg, Clement A. Hiebert, G. Alexander Patterson, & Harold C. Urschel, Jr.: Thoracic surgery. Churchill Livingstone, 
2002, Figure 19-32; p 407.) 



 

Figure 108-5 A, A tumor of the upper trachea has been excised, and the proximal and distal ends of the trachea are mobilized (although not circumferentially, as suggested in this diagram). Interrupted simple sutures are placed with the knots 
on the outside. Ventilation is accomplished initially across the field with intubation of the distal airway. Subsequently, as the anastomosis nears completion, the endotracheal tube is advanced across the anastomosis. B, A tumor of the distal 
trachea is excised, and ventilation is maintained by selective intubation of the left mainstem bronchus across the field. After suture placement, the endotracheal tube is advanced across the anastomosis and into the left mainstem bronchus. 
The completed anastomosis is wrapped with a pleural flap. (From Grillo HC: Thorax 28:667, 1973.) 



 

Figure 108-6 Guardian stitch is placed at the end of the operation to maintain neck flexion for the first postoperative week. (Reprinted with permission from F. Griffith Pearson, Joel D. Cooper, Jean Deslauriers, Robert J. Ginsberg, Clement 
A. Hiebert, G. Alexander Patterson, & Harold C. Urschel, Jr.: Thoracic surgery, Churchill Livingstone, 2002, p 411, Figure 19-38.) 

 

Figure 108-7 Right hilar release is accomplished by creating a U-shaped incision beneath the right inferior pulmonary vein and by then incising the septum joining the lateral aspect of the atrium and inferior vena cava to the pericardium. 
(Reproduced with permission from Urschel HC Jr., Cooper JD: Atlas of thoracic surgery, New York, 1995, Churchill Livingstone.) 

 

Figure 108-8 A, The oblique resection line across the cricoid. The line begins anteriorly at the inferior border of the thyroid cartilage and extends posteriorly through the lower border of the cricoid plate below the entry of the recurrent 
laryngeal nerve. B, Diagrammatic appearance of the distal tracheal resection line. The membranous trachea is plicated to approximate the ends of the uppermost tracheal ring and to produce a complete circle of cartilage to replace the 
resected cricoid ring. C, Completed thyrotracheal anastomosis with the distal trachea "telescoped" in front of the shell of residual cricoid cartilage. (From Pearson FG and others: J Thorac Cardiovasc Surg 70:806, 1975.) 

 



Figure 108-9 Alternatives for carinal resection and reconstruction. Circled number is number of patients. Open arrows indicate side of approach when not conventionally right-sided. A, Limited resection permits carinal restitution. B, 
Technique used in initial carinal resection; technique in A would now be used. C, More extensive resection. D, Greater length of trachea. Technique of Barclay and others. E, Involvement of right mainstem bronchus and right upper lobe 
bronchus requires right upper lobectomy. F, Middle lobe also removed. Right lower lobe bronchus may be anastomosed to left mainstem bronchus. G, Right carinal pneumonectomy. H, Left carinal pneumonectomy. I, Resection of carina 
after previous left pneumonectomy. J, Resection of carina with extra-long stump. K, Wedge removal of left mainstem bronchus from the right. L, Tracheocarinal resection with long segment of left mainstem bronchus. Exclusion of 
remaining left lung from the right. Left pneumonectomy also through bilateral thoracotomy. (From the Society of Thoracic Surgeons: Ann Thorac Surg 49:69, 1990.) 

 

Figure 108-10 A, A tumor at the carina is excised. Ventilation is accomplished with a small jet ventilation catheter brought across the field and directed down the left mainstem bronchus. B, The medial walls of the right and left mainstem 
bronchi are anastomosed to form a new carina, which then is sutured to the distal trachea. (From Urschel HC Jr., Cooper JD: Atlas of thoracic surgery, New York, Churchill Livingstone, 1995.) 



 

Figure 108-11 Carinal reconstruction after resection. The trachea is anastomosed end to end to either the left (most commonly) or the right mainstem bronchus, and the other bronchus is placed into the lateral wall of the trachea above the 
first anastomosis. (From Grillo HC: Ann Thorac Surg 26:112, 1978.) 
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Chapter 109 - UPPER AIRWAY MANIFESTATIONS OF GASTROESOPHAGEAL REFLUX DISEASE

Savita Collins 

INTRODUCTION

Gastroesophageal reflux (GER) is defined as the movement of gastric material into the esophagus in the absence of belching or vomiting.[26] [27] [28] Gastroesophageal reflux disease (GERD) occurs when GER is associated with symptoms or 
complications. The American Bronchoesophagological Association (ABEA) promotes the use of the term extraesophageal reflux (EER) when discussing nonesophageal manifestations of the regurgitation of gastric contents.[53] [95] 

It has been estimated that 30% of Americans suffer from GERD, with 7% to 10% of adults experiencing daily heartburn and 29% to 33% having symptoms weekly.[26] [41] [81] [87] Twenty-five to 75 million people in the United States are affected 
by GERD, with 13% of Americans using indigestion aids at least twice weekly.[87] The incidence of GERD in patients presenting to an otolaryngology practice has been estimated to be 4% to 10%.[93] GERD is not rare in children; it has been 
described in 18% of children, with a higher incidence in children with esophageal atresia, tracheoesophageal fistula, or neurologic impairment. [104] Unfortunately, accurate estimates of the incidence of EER are not available. Koufman and 
colleagues[50] showed that 50% of all patients presenting to their center with laryngeal and voice disorders had EER as documented by dual pH probe studies. A retrospective review of patients presenting with common cervical symptoms 
revealed that GERD was detected in 73% of patients, and symptomatic relief after antireflux medical treatment resulted in symptomatic improvement in 84%.[77] The role and incidence of EER in the development of otolaryngologic disorders 
is controversial among otolaryngologists. A survey of ABEA members showed that 75% of respondents estimated that less than 50% of their patients had disorders related to EER, and there was a lack of consensus regarding evaluation and 
treatment modalities.[13] EER has been implicated in several clinical disorders, including chronic laryngitis, [30] [49] [50] chronic dysphonia,[30] [49] [50] laryngotracheal stenosis,[97] [103] head and neck carcinoma,[17] [24] [57] [88] [98] cough,[40] [44] [45] [78] [99] asthma,[18] [40] [78] [99] 
otitis media,[89] dental cares and erosion,[79] laryngeal papilloma,[42] vocal fold granulomas and ulcers,[32] [36] [39] [40] laryngospasm, [5] [6] [60] [65] recurrent croup,[104] and laryngomalacia.[64] 

The goals of this chapter are to review the pathophysiology, clinical manifestations, and diagnosis and treatment of EER.

PATHOPHYSIOLOGY

The esophagus is the conduit for the transfer of material from the pharynx to the stomach. The esophagus acts as a vent for the stomach, allowing some normal retrograde flow of gasses and gastric contents.[72] The gatekeepers for the ingress 
and egress of material are the upper (UES) and lower esophageal sphincters (LES). The four main constituents of the barrier to reflux are the UES, the LES, esophageal acid clearance, and epithelial resistance.[49] [95] Head and neck disorders 
associated with EER are postulated to occur via several mechanisms: direct mucosal damage and direct effect on mucociliary clearance from exposure to gastric contents; GER-related distal esophageal damage that results in vagally 
mediated referred symptomatology; and laryngeal reflexes mediated by the stimulation of distal esophageal afferents.[5] [25] [77] 

Upper Esophageal Sphincter

The UES is functionally defined as the area of the distal pharynx and proximal esophagus that maintains a closed pharyngoesophageal segment and opens during specific physiologic demands (e.g., swallowing, belching). Anatomically, the 
UES is made up of the cricopharyngeus, the thyropharyngeus, and the proximal cervical esophagus.[56] [72] [95] Unlike other muscular sphincters, the UES is not a complete muscular circle but rather a -shaped sling that attaches to the cricoid 
cartilage. The pharyngeal plexus innervates the UES and receives contributions from the vagus
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nerve (superior and recurrent laryngeal nerves), the glossopharyngeal nerve, and the sympathetic nerves from the superior cervical ganglion.[56] The motor neurons that control the cricopharyngeus are found in the brainstem in the nucleus 
ambiguus, and stimulation of the nucleus tractus solitarius (the afferent nucleus of the vagus) results in contraction of the cricopharyngeus.[56] In canine studies, vagal nerve stimulation produced UES relaxation, and sectioning of both vagus 
nerves produced severe dysphagia.[49] Sensory information from the UES is transmitted via the glossopharyngeal nerve and the sympathetic nerves.[56] 

The UES maintains a closed pharyngoesophageal segment via tonic contraction of the cricopharyngeus.[56] [72] During swallowing, UES relaxation occurs, and the cricoid cartilage is pulled upward and anteriorly by the laryngeal musculature, 
thereby resulting in a stretching of the cricopharyngeus, thus allowing for bolus passage.[72] The UES tonic pressure is increased in response to laryngeal stimulation (laryngo-UES contractile reflex).[81] [95] UES pressure is increased with 
acidification of the distal esophagus.[49] [56] [95] UES pressure increases with slow balloon distension of the distal esophagus.[56] General anesthetics, sleep state, cigarette smoking, and peppermint consumption are associated with decreased UES 
pressure.[49] [56] [95] Koufman [49] and Burke report that smoking and peppermint consumption produced a 50% reduction in UES resting pressure in healthy volunteers within minutes.

The UES is the final gatekeeper in the antireflux barrier, and UES dysfunction may be associated with head and neck manifestations of EER. Deveney, Brenner, and Cohen[22] showed an increased incidence of UES hypotonia in patients with 
pulmonary problems associated with GERD. In patients with inflammatory lesions of the larynx, they found UES pressures that were somewhat lower than normal.[22] Ulualp and Toohill[95] did not see significant differences in resting UES 
pressures in patients with posterior laryngitis as compared with normal controls.

Lower Esophageal Sphincter

The LES is the most critical antireflux defense mechanism.[21] [26] It is located at the gastroesophageal junction, and it is not as anatomically distinct as the UES. Contraction of the LES results in circular closure that prevents the egress of gastric 
contents. Relaxation of the LES occurs during swallowing, belching, and vomiting. The LES is anatomically surrounded by the diaphragmatic crura, which mechanically augment the sphincter mechanism and are felt to contribute to 25% of 
LES competence.[49] Manometric measurements at the LES reflect the combined contributions of the esophageal LES and the diaphragmatic crura. The intrinsic resting pressure of the LES varies with the phase of the respiratory cycle as a 
result of differential diaphragmatic contraction.[21] During episodes of straining, there is an increased LES pressure as a result of increased diaphragmatic activity, yielding an increased diaphragmatic squeeze of the LES.[21] [72] Hormonal control 



of LES activity is complex. Gastrin, pitressin, angiotensin II, and motilin increase contractile tone, whereas secretin, cholecystokinin, glucagon, and vasoactive intestinal peptide decrease LES pressure.[21] [49] 

To prevent GER, the LES must maintain a resting pressure that is higher than the gastric pressure. GER occurs when there is a reversal of this gastric-to-LES pressure gradient.[21] [72] Retrograde flow will occur with relaxation of the LES, with 
chronic hypotonia of the LES, or with increases in gastric pressure that overcome the LES resting pressure. Transient relaxation of the LES occurs in normal healthy adults and children.[21] Recent research has shown that transient relaxation of 
the LES is the most critical mechanism in the production of GER.[21] [94] Dent and colleagues[21] showed that 63% to 74% of GER episodes were associated with transient LES relaxation. Chronic hypotonia of the LES is thought to be associated 
with GER episodes in a smaller percentage of patients, but it may be associated with more severe esophagitis.[21] Lower LES resting pressures are seen in patients with CREST syndrome, scleroderma, and isolated Raynaud's phenomenon. 
Although chronic hypotonia of the LES results in more severe reflux, it is an uncommon mechanism for GERD.[21] [48] Large hiatal hernias may result in disruption of the relationship of the LES to the diaphragmatic crura; this may impair the 
ability of the LES to act as an antireflux barrier by removing the additional pressure generated by the squeeze of the diaphragm.[21] [49] Although hiatal hernias may play a role in GERD in some patients, not all patients with hiatal hernias have 
GERD.[26] Table 109-1 lists agents that affect the LES pressure.[26] [49] 

When gastric pressure exceeds LES pressure, reflux can occur. "Stress reflux" is seen with increased intraabdominal pressure during bending over, heavy lifting, straining, and coughing.[49] Excessive gastric distension resulting in increased 
gastric pressure can occur postprandially after a large meal and with severe gastroparesis. Impaired gastric emptying is more common in patients with GERD.[48] Pregnancy is a risk factor for GERD as a result of increased abdominal pressure.

Esophageal Acid Clearance

Because some GER is normal, mechanisms exist to clear and neutralize gastric contents when they pass
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TABLE 109-1

Increase Lower Esophageal Sphincter Pressure Decrease Lower Esophageal Sphincter Pressure

Protein Fat

Bethanecol Carbohydrates

Metoclopramide Alcohol

Antacids Cigarettes

α-adrenergic drugs Carminatives (peppermint, spearmint)

 Theophylline

 Calcium-channel blockers

 Nitrate drugs

 Atropine

 β-adrenergic drugs

 Dopamine

 Sedatives
 
into the esophagus. Esophageal peristaltic waves—along with the effect of gravity—act to mechanically clear the esophagus. Weakened or ineffective peristalsis allows for refluxed materials to have increased contact time with esophageal 
tissues. Knight and colleagues[48] studied 100 subjects with EER and noted that 52% had ineffective esophageal motility. Primary esophageal peristalsis has been shown to be similar to normal controls in patients with GERD and posterior 
laryngitis.[95] In patients with GERD, secondary esophageal peristalsis was noted to be decreased as compared with normal controls.[95] Increased episodes of GER seen in patients with GERD, when supine, can be partially explained by the loss 
of gravitational effects. Acidic refluxate left in the esophagus can be neutralized by gastric glandular secretions and buffering agents in saliva.[49] Xerostomia that can be caused by Sjögren's disease, certain medications, and previous 
radiotherapy may abolish this important antireflux barrier.[49] Although the low pH of gastric material is damaging to epithelium, alkaline pH pancreatic and bile juices, when present, can also result in tissue injury.[26] [49] 

Epithelial Resistance Factors

When the antireflux barriers fail, the severity of tissue damage will be determined by epithelial resistance factors. There are pre-epithelial, epithelial, and intracellular protective mechanisms. The epithelium is preceded by a mucus layer and 
an aqueous layer with high bicarbonate content.[49] [95] Mucus resists penetration by large molecules such as pepsin, but it does not prevent the ingress of acid. The aqueous layer is alkaline, and it buffers acid material. At the cellular level, the 
cell membrane and the intracellular junctions resist acid and pepsin.[49] Different tissues have variable epithelial resistance, with esophageal epithelium being more resistant than respiratory epithelium.[22] [25] [49] [77] [95] GER to a small degree in the 
hypopharynx or larynx may cause significant injury, whereas reflux to the same degree in the distal esophagus would be easily resisted.[22] [25] [49] [77] [95] Hanson and Jiang[32] postulate that the posterior glottis is especially susceptible to the effect of 
EER. They theorize that the cilia beat material to the posterior glottis, thereby resulting in increased contact with refluxate and, therefore, more injury to this epithelium.

Mechanisms That Cause Symptomatology as a Result of EER

Head and neck disorders associated with EER are postulated to occur via several mechanisms: direct mucosal damage and direct effect on mucociliary clearance from exposure to gastric contents; GER-related distal esophageal damage that 
results in vagally mediated referred symptomatology; and laryngeal reflexes mediated by the stimulation of distal esophageal afferents.[5] [25] [77] 

Gaynor[25] studied the effects of direct exposure of gastric contents on rabbit and canine larynges. In the rabbit, direct exposure at a pH of 4.0 resulted in an inflammatory response that involved the submucosa and muscle, and the degree of 



damage increased with longer durations of exposure. When a pH of 1.4 was used, "severe mucosal ulceration, submucosal and deeper hemorrhage with marked inflammatory response as well as necrosis were noted." [25] In canines, an effect 
on mucociliary flow (MCF) starting at a pH of 5.0 with no MCF observed at pH of 2.0 was noted. Ciliary activity will persist after the cessation of MCF. Alteration of pH has a direct effect on mucociliary transport and may lead to increased 
viscosity of the mucus blanket.[25] A reduction in mucociliary transport may result in decreased resistance to infection and has been theorized to contribute to the pathogenesis of subglottic stenosis. [25] 

Pepsin, which is found in gastric contents, is maximally active at pH 4.5, and its enzymatic activity produces tissue damage.[49] Koufman[49] demonstrated the importance of pepsin in the production of epithelial damage in canine larynges. He 
created subglottic mucosal injuries in canines and then compared healing and injury in control, acid-only, and acid- and pepsin-exposed conditions. The acid-only group revealed inflammatory lesions that healed in twice the time it took for 
the control group. None of the acid-and pepsin-treated animals showed healing, and they were noted to develop ulceration and granulation.[49] 

Gaynor[25] monitored ICU patients who were intubated for prolonged periods of time and found that lower pH readings were found and ranged from 2.4 to

2501

7.0. Forty percent of these patients were noted to have reflux episodes of pH less than 4.0. Patients that were treated with antacids or H2 -blockers had pH readings that ranged from 4.7 to 8.9. The work of Koufman[49] and Gaynor[25] supports 
the use of anti-acid therapy in cases of potential subglottic trauma (e.g., intubation), because it may help prevent irreversible mucosal damage.

Direct stimulation of sensory receptors in the larynx by aspirated or refluxed material can result in reflexive vocal fold adduction or laryngospasm. [5] [60] [61] This laryngeal chemoreflex is associated with bradycardia, central apnea, and 
hypotension.[104] Partial or complete laryngospasm and cough can also be triggered by GER to the distal esophagus via a vagally mediated reflex.[5] [18] [26] [81] Laryngospasm associated with distal esophageal GER can be associated with 
bronchospasm, increased secretions, tachycardia, and hypertension.[104] These reflexes have implications for respiratory manifestations of EER and in the mechanisms involved with sudden infant death syndrome and recurrent laryngospasm. [5] 
[25] [60] [61] 

DIAGNOSTIC EVALUATION

Subjective

A good case history is very critical to both the diagnosis and treatment of patients with EER. The clinician must not only identify symptoms but also behavioral and medical risk factors. It is also critical to patient compliance with treatment 
to actively involve the patient in the identification of the risk factors that he or she can modify. Common symptoms described in association with EER are listed in Table 109-2 . * 

In a retrospective review of 216 patients with cervical symptoms that were believed to be associated with EER, Rival and colleagues found that the most frequent complaint was cervical dysphagia (33%), followed by globus (19%), sore 
throat (17%), and chronic throat clearing (14%). The researchers found that 66% of these patients complained of classic symptoms of GERD such as acid regurgitation and heartburn.[77] Fraser, Morton, and Gillibrand [23] prospectively reviewed 
patients with symptoms believed to be associated with EER who had positive pH probe studies and found cough and hoarseness as the most common symptoms. Seventy-seven percent of their patients also complained of classic symptoms of 
GERD.[23] Other authors report lower rates of symptomatic GERD in patients with EER, with estimates of 20%,[93] 43%,[49] and 55%.[66] A survey of ABEA members showed that respondents felt that the most common symptoms related to EER 
were throat clearing, persistent  

TABLE 109-2 -- COMMON SYMPTOMS OF EXTRAESOPHAGEAL REFLUX

• Hoarseness/dysphonia (episodic or chronic)

• Globus sensation

• Chronic throat clearing

• Vocal fatigue

• Voice breaks

• Sore throat

• Neck pain

• Excessive throat mucus

• Chronic or nighttime cough

• Dysphagia

• Odynophagia

• Postnasal drip

• Halitosis

• Ear pain

• Laryngospasm

• Asthma exacerbation

• Loss of upper singing range

• Prolonged warmup time in singers



• Heartburn/regurgitation
 
cough, heartburn/dyspepsia, globus sensation, and voice-quality change findings. [13] 

Belafsky, Postma, and Koufman[8] [9] [10] developed the Reflux Symptom Index (RSI), a self-administered survey of nine questions used to assess patients with EER. They demonstrated that the instrument is reliable and that it provides 
reproducible and valid findings. Normative data gathered by these authors support that an RSI of more than 10 is associated with a high likelihood of positive dual-channel pH probe study.[11] They prospectively evaluated 40 patients with 
EER documented by dual pH probe studies and two months of medical management. The RSI was noted to show improvement before changes were seen in the physical examination. The mean RSI at initiation of the study was 19.3, which 
improved to a mean of 13.9 after 2 months of findings.[8] The RSI is shown in Table 109-3 .

Physical Examination/Laryngeal Endoscopy

The physical examination can yield several clues to EER. Observations of the quality of voice, frequent throat clearing, cough or stridor, muscle tension in extralaryngeal musculature, and general body habitus are important to the evaluation. 
The larynx can be evaluated with indirect laryngoscopy along with rigid and/or flexible laryngoscopy. Videoendoscopy and stroboscopy are very useful, especially for documenting treatment effects and for visualizing subtle signs associated 
with reflux.

*References [8] [10] [13] [15] [23] [26] [32] [34] [40] [44] [45] [66] [77] [93] [96] [100] . 
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TABLE 109-3 -- THE REFLUX SYMPTOM INDEX[10]

Within the past month, how did the following problems affect you? Rank them from 0 (no problem) to 5 (severe problem).

1. Hoarseness or a problem with your voice

2. Clearing your throat

3. Excess throat mucus or postnasal drip

4. Difficulty swallowing food, liquids, or pills

5. Coughing after you have eaten or after lying down

6. Breathing difficulties or choking episodes

7. Troublesome or annoying cough

8. Sensations of something sticking in your throat or a lump in your throat

9. Heartburn, chest pain, indigestion, or stomach acid coming up
 
The majority of laryngeal findings seen in patients with chronic laryngitis associated with EER are seen in the posterior larynx. Posterior laryngitis is manifested by edema, increased vascularity and erythema of the posterior commissure, and 
arytenoids.[29] [30] [93] Chronic irritation can result in a thickening of the posterior laryngeal mucosa with hyperkeratosis, which is also called pachydermia laryngeus.[30] [93] Hanson, Kamel, and Kahrilas[30] describe this posterior mucosal thickening 
with increased granularity and rough cobblestone appearance as "granular mucositis." Increased mucus formation and thickness, along with mucus stranding and pooling, may result from chronic irritation and alterations of mucociliary flow.
[25] [93] Laryngeal ulceration, granuloma formation, scarring, and stenosis may indicate more severe EER.[30] [32] [36] [42] Cherry and Margulies (1968) first identified extraesophageal reflux of gastric acid as being associated with contact ulcers.[25] 

Hanson, Kamel, and Kahrilas[30] examined 233 patients with chronic laryngitis. Videoendoscopic examination revealed that erythema of the posterior larynx was the most prevalent sign and that it was the most reversible with treatment of 
EER. The authors noted that more severe inflammation or longer duration of symptoms was associated with increasing vascularity and erythema extending into the remainder of the larynx and supraglottis. In their patient population, 
posterior glottic mucosal thickening was the second most common finding. In some patients with severe EER and cough, the authors noted eschar formation over the posterior glottis that they likened to a "mucosal burn injury." Seven 
percent of patients were noted to have ulceration of the vocal processes or ulcer formation between the arytenoids, and 3% had granulomas. Patients with prominent throat clearing behavior and chronic cough were more likely to demonstrate 
pachydermia laryngeus. The authors used the following grading scale: mild—mild posterior glottic erythema; moderate—marked erythema, stasis of secretions, and mucosal granularity; and severe—ulceration, granulation tissue, or 
hyperkeratosis of the larynx. Hanson and Jiang[32] digitized endoscopic examinations of a large group of patients with chronic laryngitis and performed digital color analysis. This demonstrated a significant difference between patients and 
normal controls in the red index, with a significant decrease in the red index after treatment for EER in patients with chronic laryngitis findings. [32] 

Habermann and colleagues[29] reviewed the endoscopic findings of 29 patients with chronic dysphonia and chronic laryngitis and showed that abnormalities of the posterior glottic mucosa and reddening of the posterior larynx were the most 
common findings. The authors noted significant improvement in these changes with therapy. Alteration and reddening of the true vocal fold mucosa and false vocal folds were also noted to improve with treatment. Shaw and Searl[82] assessed 
96 patients who had symptoms that were suggestive of EER and noted that posterior glottic edema, nodularity, and erythema were the most "severe and frequent" findings. Only 47% of patients were noted to have ulceration, and three 
patients were noted to have granulomas. Branski, Bhattacharyya, and Shapiro[14] performed a prospective, randomized, blinded study to assess the reliability of the laryngoscopic evaluation of EER patients. They found that both intra- and 
interrater reliability were poor; raters demonstrated a poor agreement on the severity of endoscopic findings for laryngopharyngeal reflux (LPR). The authors concluded that using laryngoscopic findings alone for the diagnosis of EER was 
highly subjective.

Pseudosulcus has been described as a common endoscopic finding of EER.[10] [11] [37] The term pseudosulcus refers to the appearance of edema along the undersurface of the vocal fold from the anterior to the posterior commissure.[10] [11] [37] By 
contrast, true sulcus vocalis involves the free edge of the fold and terminates at the vocal process. Belafsky and colleagues evaluated pseudosulcus in 30 patients with EER (i.e., with positive pH probes) and 30 control patients and found 
pseudosulcus in 70% of patients with EER and in 30% of controls. Patients with pseudosulcus were 2.3 times more likely to have pH-probe documented EER. The sensitivity and specificity of pseudosulcus were estimated to be 70% and 
77%, respectively.[11] Hickson, Simpson, and Falcon[37] prospectively studied 20 patients who underwent endoscopic evaluation and were found to have pseudosulcus with dual-channel pH probe studies, and they found positive studies in 18 



out of 20 patients. They estimated that the positive
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predictive value of pseudosulcus for EER was 90%.[37] This study may have overestimated the incidence, because participants were selected from patients who presented to the authors' clinic and required endoscopy as part of their evaluation.

Belafsky and colleagues have developed an endoscopic grading scale for EER. The Reflux Finding Score (RFS) is made up of eight findings that are graded on severity and that yield a score from 0 to 26 ( Table 109-4 ). The authors report 
that an RFS of more than seven is associated with a high likelihood of dual pH probe positivity.[11] The RFS was tested in 40 controls and 40 patients with positive clinical histories and pH probe studies. This review showed excellent inter- 
and intraobserver reliability for the RFS. The mean RFS for control subjects was 5.2, whereas the mean RFS at entry for the EER group was 11.5, and an individual with an RFS of more than 7 was noted to have EER, with 95% certainty.[9] 

Beaver and colleagues[7] conducted a prospective study of the videostroboscopic images of 49 patients diagnosed with laryngopharyngeal reflux disease on the basis of two or more symptoms (i.e., throat clearing, hoarseness, cough, globus, or 
excessive mucus) along with physical examination findings of chronic laryngitis. Subjects were evaluated pretreatment and again after 6 weeks of high-dose proton pump inhibitor (PPI) therapy. Ten control patients without any symptoms of 
EER were included. Three otolaryngologists evaluated the photographs in a blinded manner and in random order and gave each a score using the Laryngopharyngeal Reflux Disease Index ( Table 109-5 ). The mean index value for patients 
was significantly  

TABLE 109-4 -- THE REFLUX FINDING SCORE[10]

Pseudosulcus 0, absent; 2, present

Ventricular obliteration 0, none; 2, partial; 4, complete

Erythema/hyperemia 0, none; 2, arytenoids only; 4, diffuse

Vocal fold edema 0, none; 1, mild; 2, moderate; 3, severe; 4, polypoid

Diffuse laryngeal edema 0, none; 1, mild; 2, moderate; 3, severe; 4, obstructing

Posterior commissure hypertrophy 0, none; 1, mild; 2, moderate; 3, severe; 4, obstructing

Granuloma/granulation 0, absent; 2, present

Thick endolaryngeal mucus 0, absent; 2, present
 
 

TABLE 109-5 -- THE LARYNGOPHARYNGEAL REFLUX DISEASE INDEX[7]

Grade each using a scale of 0 to 3 (0, absent; 3, most severe):

•1. Edema of posterior supraglottis

•2. Edema of vocal folds

•3. Edema of subglottis

•4. Erythema of posterior supraglottis

•5. Erythema of vocal folds

•6. Erythema of subglottis

Grade as 1 if present and 0 if absent:

•7. Leukoplakia

•8. Nodules or prenodules

•9. Polyp(s)

10. Posterior pachydermia

11. Web (may be anterior microweb)

12. Contact granuloma
 
higher than that of controls (9.50 vs 2.92), and posttreatment mean scores were significantly lower than pretreatment scores (7.35 vs 9.50). The most useful items on the scoring system were as follows: supraglottic edema and erythema, 
glottic edema and erythema, and subglottic edema and erythema. Items 7 through 12 were not felt to be as useful, and very few patients had positive scores on these items.

Voice Analysis

Hanson and colleagues[31] reviewed voice quality and measures of jitter, shimmer, and signal-to-noise ratios in 16 patients undergoing treatment for chronic posterior laryngitis. Perceptual analysis did not show correlation with acoustic 
measures, and it did not show significant change with treatment. The authors did demonstrate that measures of jitter, shimmer, and signal-to-noise ratio improve significantly with antisecretory and antireflux treatment of chronic posterior 
laryngitis. Shaw and Searl[82] noted significant improvement in measurements of jitter, shimmer, habitual frequency, and frequency range with antireflux treatment in their series of patients with a pretreatment complaint of hoarseness. 
Hamden and colleagues[34] did not show any change in acoustic parameters in patients with the medical treatment of EER.



Esophagram

Barium esophagram is a convenient, inexpensive, and noninvasive diagnostic test. It is a useful method to diagnose structural and functional abnormalities of the esophagus, including hiatal hernia, erosive esophagitis, strictures, Barrett's 
esophagus, esophageal rings, extrinsic compression, motility disorders, diverticula,
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possible malignancy, cricopharyngeal spasm, aspiration, and esophageal shortening. [38] [49] [91] [93] [104] Barium studies have significant use for surgical planning for antireflux surgery. Fluoroscopic evaluation is often used to look for the presence of 
reflux, and it is often combined with provocative maneuvers, such as Valsalva's maneuver, cough, rolling from the supine to the right lateral position, and the water siphon test (the patient drinks 60 mL of water through a straw while supine). 
The sensitivity of barium esophagram to detect GER is between 20% and 60%, with a specificity of 64% to 90% and accuracy of 69%.[104] Thompson, Koehler, and Richter[91] assessed 117 patients with clinical GERD and compared the results 
of esophageal pH probe with those of barium esophagram. They demonstrated that barium studies showed unprovoked reflux in 26% of subjects with positive pH probe studies. The addition of the water siphon test increased the sensitivity of 
barium esophagram in the evaluation of reflux to 70%, with a specificity of 74% and a positive predictive value of 80%. [91] 

The relevance of barium esophagography to patients with EER is less clear. In Toohill and Kuhn's[93] series of 286 patients with dysphonia and various laryngeal disorders, 79.9% had abnormal esophagrams. Rival and colleagues[77] showed 
that 22 out of 73 patients with EER symptoms had normal barium swallow evaluations, with 50% of these patients demonstrating EER on subsequent diagnostic testing. Giacchi, Sullivan, and Rothstein[27] reviewed 28 patients with 
otolaryngologic manifestations of EER and noted that barium esophagram revealed reflux in 45% of patients and that 50% had normal examinations.

Flexible Endoscopic Evaluation of Swallowing and Sensory Testing

Aviv and colleagues[4] have noted that LPR can be observed during flexible endoscopic evaluation of swallowing and sensory testing (FEEST) examinations. In a prospective pilot study, the authors evaluated 20 dysphagic patients (without 
neurologic etiology) and 20 controls with FEEST. Eighteen out of 20 of the dysphagic patients were noted to have reflux, whereas no reflux was noted in any of the control subjects. In another prospective study, 54 dysphagic (without 
neurologic etiology) and 25 healthy controls were evaluated with FEEST.[3] In the dysphagic group, 89% were noted to have posterior glottic edema, 78% had sensory deficits, and 70% were noted to have LPR. Only one out of the 25 control 
patients had posterior glottic edema, sensory deficits, and LPR. Twenty-three of the patients who were diagnosed by FEEST to have LPR were treated with PPI therapy and were reevaluated by FEEST. Sixty-seven percent were noted to 
have improved posterior glottic edema, and 79% had resolution of sensory deficits.[3] The evaluators in this study were not blinded to subject identity or history at the time of evaluation.

Esophageal Endoscopy

Esophagogastroduodenoscopy (EGD) is useful for the direct visualization of the esophagus, along with biopsies and cultures in patients with esophagitis and gastritis. In patients with GERD, it may be valuable in the search for esophageal 
mucosal irritation and to rule out Barrett's esophagitis. Deveney, Brenner, and Cohen[22] evaluated a small series of patients with laryngeal inflammatory lesions and found that three out of seven (43%) had esophagitis, although none had 
Barrett's esophagus. Smit and colleagues[84] found pH-probe proved GER in 72% of patients with globus and hoarseness, 35% in patients with hoarseness alone, and 30% in patients with globus alone. Abnormal EGD findings were noted in 
65% of the patients in this group who had concurrent GER. On the basis of their findings of a high prevalence of pathologic GER in subjects with globus and hoarseness, the authors recommend that patients with symptomatic EER and 
concurrent GERD be evaluated with EGD.[84] In a small prospective study in patients with chronic laryngeal symptoms associated with EER and concomitant GER as documented by pH probe study, EGD showed grade II or higher 
esophagitis in all of the subjects and Barrett's esophagitis or peptic esophageal stricture in 50% of these individuals.[66] [67] 

Tauber, Gross, and Issing[90] prospectively evaluated the incidence of gastroenterologic diseases in patients presenting with nonspecific laryngopharyngeal symptoms that were felt to be associated with EER. Thirty such patients refused pH 
probe studies and were evaluated with EGD. GERD was seen in 43%, gastric cultures that were positive for Helicobacter pylori were found in 23%, and 73% had some form of gastrointestinal disease diagnosed by EGD and/or biopsy. 
Medical therapy for reflux and Helicobacter pylori (in positive patients) resulted in a 90% therapeutic success rate for symptom resolution.[90] 

McMurray and colleagues[65] studied pediatric patients who were undergoing evaluation for airway reconstruction and found that significant reflux as demonstrated in the lower esophageal pH probe did not correlate with positive esophageal 
endoscopic findings or biopsy-proved inflammation of the upper or lower esophagus. A weak correlation was seen between laryngoscopic findings of EER and postcricoid biopsy findings.[65] The necessity of esophageal endoscopy in patients 
with EER without GERD is unclear, and the procedure may be unnecessary.[49] 
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Manometry

The use of manometric evaluation for patients with GERD is well documented. Knight, Wells, and Parrish[48] documented the significance of esophageal dysmotility in patients with EER. They used manometric studies of 100 patients with 
EER to show that 29% had normal motility, 48% had ineffective motility, 10% had a hypertensive lower esophageal sphincter, 9% had a nutcracker esophagus, and 4% had esophageal achalasia. Rival and others[77] noted low LES pressure in 
60% of the patients that they studied who had cervical symptoms of EER. Esophageal manometric evaluation is critical to surgical planning for antireflux surgery.[38] Although manometry is valuable in a certain subset of patients with EER, it 
may not be useful as a diagnostic test for EER. Because it is only one measurement in time and transient relaxations of the LES are important in the pathogenesis of EER, manometry may not accurately assess patients for the absence of 
relaxations of the LES and, therefore, EER.[104] 

pH Probe

Continuous pH monitoring studies are felt to be the gold standard study for GERD and EER.[49] [73] [104] Probes that sense pH changes can be placed in different locations in the esophagus, pharynx, or hypopharynx. Probe placement can be 
verified using manometry, endoscopy, or fluoroscopy. Manometric localization of pH probe location is the most commonly used technique. Single pH probe techniques that involve the use of a probe placed 5 cm above the manometrically 
determined site of the LES are commonly employed for the evaluation of patients with GERD. With the recognition of extraesophageal symptoms of EER, the importance of adding a second probe above the UES has been elucidated. Postma
[73] describes a review of patients with otolaryngologic complaints associated with EER who underwent dual pH probe testing at Wake Forest University in Winston-Salem, NC, where 59% would have been inappropriately assumed to have a 
negative pH probe when their diagnosis was based solely on the esophageal probe. In these patients, the pharyngeal sensor was needed to document EER.[75] In a similar study, Koufman and colleagues[54] showed that 11% of patients had a 



positive upper probe with normal esophageal pH probe acid exposure time. Little and others[59] showed the importance of the proximal probe in children and noted that 46% (78 of 168) of subjects demonstrated positive EER by proximal 
probe in the face of negative lower esophageal probe studies.

Although the advent of dual pH probe studies has added significantly to our diagnostic armamentarium, it is not without its limitations. It is an invasive test, and its sensitivity is no more than 75% to 80%.[95] Hanson and colleagues[33] state that 
the false-negative rate may be up to 50%. Noordzij and others[69] compared dual pH probe findings with symptom severity in patients with EER and revealed that dual pH probe positivity had poor predictive value of symptoms or signs of 
EER. Small variations in technique for probe placement or calibration can significantly affect accuracy.[73] Careful documentation of patient position (supine or upright), diet, and symptoms are equally important during the study. The patient 
should maintain his or her usual dietary and smoking habits and activity level during the period of the study.[73] [83] [85] 

Although there is a consensus about norms for the distal esophageal pH probe, considerable controversy exists with regard to findings in the proximal pharyngeal probe. Some authors report that a single pharyngeal reflux event as determined 
by a drop in pH to 4 or below is diagnostic of EER.[73] [83] Unfortunately, several studies have documented that a small percentage of normal subjects have proximal probe pH drops below 4. [80] [94] [96] Vincent and colleagues[96] showed that normal 
subjects were positive for reflux to the proximal probe (median of one event), with 80.4% of these occurring while the subject was upright. In addition, these authors examined the Reflux Area Index, which incorporates the number and 
duration of events of pH less than 4. They state that "the reflux area index appears to be the most useful parameter to measure laryngopharyngeal reflux severity."[96] Normative data for pediatric patients is also lacking, and there appears to be 
considerable age-related variation.[64] [104] Bauman and colleagues[6] performed a retrospective review in pediatric patients undergoing pH probe testing at their institution. Sixty-eight patients were noted to have EER symptoms, underwent 
empiric medical treatment, and were reviewed. Chronic cough, apnea, and recurrent pneumonia were the most commonly documented extraesophageal symptoms. Eight-five percent of subjects were noted by their caretakers to have 
symptomatic benefit from antireflux therapy. The positive predictive value of the distal esophageal probe was more than 90%, but the negative predictive value was less than 50%. The authors noted that the reproducibility of results on 
different days was poor; only a small number of subjects had a dual pH probe study, and the mean percentage of time that the pH was less than 4 in the upper probe was 2.6%.[6] 

Contencin and Narcy,[16] Hanson and colleagues,[33] and Koufman[49] argue that the criteria of the pH being below 4 may be too stringent. Contencin and Narcy[16] showed that pH drops to 6 or below at the proximal probe in children with 
laryngotracheitis may be significant. Pepsin, which has been shown to be critical in the pathogenesis of tissue damage, is active at pH
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levels of up to 5.[49] Hanson and Jiang[32] caution against stringent use of the pH equalling 4 criteria in patients who have had prior radiotherapy, because irradiated tissue may be less resistant to reflux trauma.

Although several authors have shown the importance of a positive proximal pH probe, one must be careful when interpreting a negative study in patients with EER. Many patients with respiratory tract manifestations of EER may not have 
reflux into the proximal esophagus, but they may have symptoms as a result of a vagally mediated reflex, as discussed previously in this chapter.[83] In addition, there is a potential for sampling error, because EER may potentially cause 
pathology, but it may be infrequent and therefore not documented in a 24-hour study period.

Many authors support the empiric treatment of EER before obtaining a pH probe study. * Treatment efficacy is well-documented. † These authors state that routine pH probe studies in patients with only laryngitis may be unnecessary, and may 
instead be reserved for the following indications: patients with symptoms of GERD; patients with partial responses to therapy to assess for the adequacy of acid suppression; continued moderate to severe laryngitis, despite an adequate trial of 
therapy; when considering antireflux surgery; to evaluate patients after fundoplication who have recurrent or persistent symptoms; and in intubated patients who are in an altered state of consciousness.[22] [25] [32] [33] Although a positive study may 
be clinically helpful, a negative study does not rule out EER. The American Gastroenterological Association has taken the following position with regard to EER: "There are presently no prospective data showing that ambulatory esophageal 
pH monitoring can identify either patients with laryngitis or asthmatics that are likely to respond to anti-reflux therapy."[32] There were no significant differences noted on pH probe monitoring that differentiated partial responders from 
complete responders in patients treated medically for EER. [99] Fraser, Morton, and Gillibrand[23] are proponents of routine pH probe testing before initiating empiric antireflux therapy. In their study, the presence of posterior laryngitis did not 
predict treatment response. The authors argue that a positive pH probe study may better select patients who will respond to therapy and help to avoid unnecessary treatment in some patients. [23] Further evaluation of pH probe testing in 
patients with chronic laryngitis is needed to elucidate norms and to demonstrate its utility for identifying patients who will benefit from therapy before this controversy can be resolved.

Reflux Scan

Radionuclide scanning involves the oral administration of saline with technetium followed by a gamma scan that looks for reflux. The reflux scan can also be used to quantify delayed gastric emptying.[104] The sensitivity of this test has been 
found to be between 14% and 90%, and it is considered to have low sensitivity in patients with EER.[49] 

Acidification Tests

Acidification tests, such as the Tuttle Test and the Bernstein Test, are rarely used today in clinical practice. The Bernstein Test is used with adult patients and involves delivering saline and variable concentrations of hydrochloric acid to the 
distal esophagus via a nasogastric tube until symptoms are reproduced or 45 minutes have passed.[49] The Bernstein Acidification Test is a qualitative test that can be used to establish a causal relationship between GER and specific symptoms. 
The sensitivity of this test for the detection of GERD has been reported to be 32% to 95%.[26] [77] [104] It is not as useful for the diagnosis of EER, because only a fraction of these patients have concurrent symptoms of GERD.[77] Rival and 
colleagues[77] studied 146 patients with acid stimulation testing and found that 16% had positive results. However, when they analyzed patients with only cervical symptoms, none had a positive result. The Tuttle Test is performed in children 
and involves the instillation of an age-dependent concentration of hydrochloric acid into the stomach and measurements of pH in the distal esophagus, with two episodes of the pH level being below 3 considered to be diagnostic of reflux.[104] 

Bronchoalveolar Lavage

Bronchoalveolar lavage sampled tracheal aspirates are used to look for lipid-laden macrophages, and is a test for aspiration into the lower respiratory tract. It has been shown to be 85% sensitive, and it becomes positive within 6 hours of the 
reflux event and stays positive for up to 3 days.[104] Lipid-laden macrophages have been shown to be increased in children with pulmonary complications of EER.[49] The advantage of this test is that it provides the ability to track EER days after 
the event; the disadvantage is that it requires bronchoscopy to acquire the sample.

TREATMENT

Behavioral Modification



Behavioral changes that are aimed at reducing episodes of reflux may be critical to the successful management of EER. Hanson, Kamel, and Kahrilas [30] have shown that nocturnal reflux precautions alone will result in symptomatic 
improvement in approximately 50% of patients with posterior laryngitis and

*References [12] [19] [20] [29] [32] [101] . 
†References [19] [20] [29] [30] [46] [47] [51] [63] [77] [101] . 
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chronic dysphonia. Common modifications recommended include the following: avoidance of eating or drinking 3 hours before lying down; avoidance of tobacco products, alcohol, fried foods, fatty foods, chocolate, caffeine, spicy foods 
and peppermints; avoidance of tight-fitting clothing; and elevation of the head of the bed by 6 to 8 inches. [30] [82] [95] No controlled studies have evaluated behavioral modifications.[95] Giacchi, Sullivan, and Rothstein[27] evaluated patient 
compliance with treatment for EER and found that compliance with behavior modification varied widely. The degree of symptomatic improvement positively correlated with both medical therapy and behavior modification. The changes that 
most significantly correlated with symptom reduction were avoidance of food and liquid before bedtime and elevation of the head of the bed.[27] Multiple authors have shown that there is decreased acid exposure to the lower esophagus with 
decreased fat intake, decreased smoking, elevation of the head of the bed, and allowing at least 3 hours between eating and lying down.[95] Chewing gum for 1 hour after food intake resulted in reduced acid contact time in both controls and 
patients with reflux,[2] and it increased esophageal and pharyngeal pH.[86] The benefit was more pronounced in patients with reflux and lasted for up to 3 hours. [2] Avidan and colleagues[2] noted that walking for one hour postprandially had a 
mild beneficial reduction of acid reflux, but only for a short duration.

Antacids

Multiple antacids are commonly available, they are inexpensive, and they are employed by many Americans before they seek medical attention. Antacids are effective as a result of their acid-neutralizing properties. They neutralize the pH of 
the refluxate, and they can thereby prevent the tissue damage caused by bile salts and deactivate pepsin at a higher pH.[87] Antacids have been shown to increase LES resting pressure.[26] Gaviscon contains alginic acid and is effective for 
reducing GER, but it does not appear to change LES pressure. Gaviscon's mechanism of action is not fully understood. [25] Antacids may be used as first-line therapy in patients with minor EER or as an adjunct to other treatment modalities.[76] 

H2 -Blockers

Several H2 -blockers are currently available by prescription and over the counter. These drugs act at the histamine type 2 receptor by competitive binding, and they reduce gastric acid secretion along with pepsin production.[25] [87] Some of the 
H2 -blocker effect is on the hepatic metabolism of other drugs, so patients should consult with their physicians and pharmacists to avoid drug-drug interactions. H2 -blockers may be used as first-line therapy in patients with minor EER, as 
adjunct therapy, or as step-down therapy when weaning patients from PPIs.[76] Of patients with chronic laryngitis who were treated with H2 -blockers and behavioral modifications, 54% noted symptomatic relief after six weeks of therapy, with 
92% noting some recurrence of symptoms after cessation of H2 -blocker therapy.[30] Long-term high-dose H2 -blocker therapy was not noted to be as effective or as cost effective as compared with PPI therapy for the treatment of significant 
esophagitis.[35] 

Proton Pump Inhibitors

PPIs act against the enzyme hydrogen-potassium adenosine triphosphatase in the parietal cell, thus blocking the final step of gastric acid production.[25] These drugs are more effective than H2 -antagonists for the long-term reduction of basal 
and stimulated levels of gastric acid production. Postma, Johnson, and Koufman[76] recommend initiating patients with significant EER on twice-daily dosing of PPI therapy, along with behavioral modifications (especially if the patients are 
positive for GERD or have lower esophageal pH probe positivity); they should then be reevaluated at two-month intervals. H2 -blockers may be added to limit nighttime acid breakthrough, but the decision to do this is based on the pattern of 
reflux seen on dual-channel pH probe study. Patients are assessed with the RFS and RSI, and, when patients have had two consecutive examinations with RFS scores of less than 5 and RSI score of less than 10, the authors recommend 
tapering PPI therapy. The protocol for tapering medications that the authors recommend involves initially stopping the nighttime do of PPI and substituting an H2 -blocker. Two weeks later, the morning medication also becomes an H2 -
blocker. If the patient experiences breakthrough symptoms, PPI therapy is resumed. For patients who do not show symptomatic improvement at the 4-month mark—despite high-dose PPI therapy—the pH probe study is repeated with the 
patient taking medication. [76] A significant number of patients with chronic laryngitis on PPI therapy may show relative PPI resistance.[1] Other reasons for treatment failure include poor compliance and breakthrough on acid suppression 
therapy.[1] 

A small, prospective, double-blind, placebo-controlled study of the efficacy of twice-daily dosing of omeprazole for patients with chronic laryngitis and at least four episodes of LPR on pH probe study revealed a placebo effect.[68] Most 
symptom scores improved over time for both the omeprazole and the placebo groups. The researchers did not see significant changes in endoscopic laryngeal findings in either group. Hoarseness (when scored low) and chronic throat clearing 
were noted to improve in the omeprazole
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group. The duration of this study was short; patients were evaluated at one and two months. A long-term, placebo-controlled study of the efficacy of PPI therapy for EER has not as of yet been performed.

Promotility Agents

Metoclopramide is a dopamine antagonist, and it is effective against GER. It increases LES pressure, improves gastric emptying, and may increase esophageal clearance.[25] [71] Metoclopramide is the only prokinetic agent that is currently 
available on the market, although new serotonin agonists are being evaluated by the U.S. Food and Drug Administration. Unfortunately, up to a third of patients may experience side effects from metoclopramide. [25] Patients with diabetes 
mellitus, dystrophia myotonica, and anorexia nervosa may have significantly delayed gastric emptying and thus may benefit from prokinetic agents.[71] Erythromycin may be used as a prokinetic agent, and it acts as a motilin agonist.[43] 

Other Medical Therapy

Sucralfate has been shown to enhance mucosal resistance to trauma, is effective for promoting the healing of duodenal ulcers, and has been shown in animal studies to protect esophageal mucosa against injury from acid.[25] Sucralfate is a salt 
of sucrose, and it is well tolerated by patients. Its value as a treatment for patients with EER is not well elucidated. Bethanechol is an anticholinergic agent that has been shown to increase LES pressure, decrease GER, and improve salivary 
flow.[25] 



Surgical Treatment

Antireflux surgery involves replacing the LES into the abdomen and then augmenting the LES as an antireflux barrier. The Nissen fundoplication involves the use of a 360-degree wrap of the gastric fundus around the intraabdominal 
esophagus.[38] Ten-year success rates for the treatment of GERD are quoted to be around 90%, with a mortality rate of 1%.[38] Fundoplication can be performed with an open or a laparoscopic approach. Complications of fundoplication are rare 
and include bleeding, the need for splenectomy, dysphagia, slippage of the fundoplication into the chest, early satiety, bloating, diarrhea, pneumothorax, and gastric ulceration. Deveney, Brenner, and Cohen[22] assessed 13 patients with 
persistent laryngeal inflammatory lesions and voice disorders who underwent Nissen fundoplication, and they found that 73% (11 patients) showed a resolution of symptoms and endoscopic changes. Lindstrom and others[58] performed a 
retrospective review of patients with EER who underwent Nissen fundoplication and found that 25 out of 29 patients had near total symptomatic relief and were not taking any antireflux medications. Wright and Rhodes[102] reviewed 145 
patients with EER symptoms that underwent the laparoscopic Hill repair and saw statistically significant improvement in EER symptoms postoperatively.

OTOLARYNGOLOGIC DISORDERS ASSOCIATED WITH EER

Chronic Laryngitis

Hanson and colleagues[30] [31] [32] define chronic laryngitis as a three months' or longer history of one or more of the following: hoarseness that worsens with voice use; persistent or recurrent sore throat without throat infection; sensation of 
postnasal drip; and throat clearing or cough in the absence of lower respiratory tract or pulmonary disease. The authors report that the sensation of chronic postnasal drip is the most common and earliest manifestation of chronic irritative 
laryngitis, with throat discomfort and dysphonia as the second and third most common symptoms, respectively. The sensation of constant secretions in the back of the throat is thought to be a result of ciliary dysfunction in the posterior 
larynx and pharynx. [32] Hanson and Jiang[32] studied 182 patients with chronic laryngitis that was felt to be associated with EER. Ninety-six percent of patients experienced relief with antireflux treatment within 12 weeks. Fifty-one percent (93 
patients) responded to nocturnal antireflux management alone; 48 patients required the addition of an H2 -blocker nightly, and 34 required the addition of 20 mg of nightly omeprazole. Seven patients in the study required higher dosages of 
omeprazole, and all of these patients were noted to have severe laryngeal changes at their pretreatment examinations. Symptomatic relapse was common with the discontinuation of therapy. Habermann and colleagues [29] showed that 
hoarseness, globus pharyngeus, sore throat, heartburn, and coughing were symptoms in patients with chronic laryngitis that showed significant improvement with an empiric 6-week course of a PPI.

Rival and others[77] demonstrated that 84% of patients with cervical symptoms associated with EER had a symptomatic improvement with antireflux therapy. Koufman and colleagues,[52] [53] Fraser, Morton, and Gillibrand,[23] and Postma, 
Johnson, and Koufman[76] point to the need for longer duration of treatment, stating that up to 6 months may be necessary. Koufman and colleagues[53] showed that, with six months of antireflux treatment, 85% of patients with chronic laryngitis 
showed treatment efficacy. He noted that half of these responders demonstrated an effect in 3 weeks to 3 months, with the remaining patients responding by 6 months.[8] [53] [76] In a prospective study of patients with chronic laryngitis who were
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treated with a combination therapy of behavioral modifications, PPI therapy, and cisapride, significant therapeutic benefit was noted in patients with chronic hoarseness, but not in those with intermittent dysphonia.[34] 

Contact Ulcer and Laryngeal Granuloma

Proposed etiologies for vocal process granulomas include EER, vocal misuse, intubation trauma, smoking, chronic cough, chronic throat clearing, infection, and allergies.[36] In a retrospective review of 55 patients with vocal fold granulomas, 
there was a 76% incidence of associated EER or GERD.[36] A 50% recurrence rate was seen with surgical excision alone. Patients that were treated with antireflux measures, medications, and voice therapy showed resolution of granulomas in 
all but four patients. In the recalcitrant four patients, antireflux surgery resulted in resolution of the granulomas.[36] In a retrospective study of 58 male patients with vocal contact ulcers and granulomas, esophageal dysfunction was found in 
74%.[70] Hoffman and colleagues[39] recommend a treatment algorithm for laryngeal granulomas and ulcers that uses surgical intervention as a last step, with the medical management of reflux and voice therapy as the mainstay of treatment; 
intralaryngeal botulinum toxin is recommended for recalcitrant cases. Surgical management is reserved for cases in which conservative management has failed, in which airway obstructive symptoms are present, or if the diagnosis is in doubt.
[39] Figure 109-1 , Figure 109-2 , Figure 109-3 , and Figure 109-4 show some clinical examples.

EER and Head and Neck Cancer

Extraesophageal reflux may play a role in the development of head and neck squamous cell carcinoma, 

 
Figure 109-1 A 60-year-old patient with left vocal fold granuloma before treatment. 

 

Figure 109-2 The same patient as was seen in Figure 109-1 after 4 months of twice-daily proton pump inhibitor therapy and behavioral modifications. 



 

Figure 109-3 A 45-year-old male patient with recalcitrant left vocal fold granuloma. Prior treatment included removal, voice therapy, and high-dose proton pump inhibitor therapy with botulinum toxin injection. Dual pH probe study 
revealed moderate reflux in both probes. 

 

Figure 109-4 The same patient as was seen in Figure 109-3 two months after undergoing an endoscopic antireflux procedure. 
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Chapter 110 - DEEP NECK INFECTION

Harrison G. Weed 
L. Arick Forest 

INTRODUCTION

Antibiotics have reduced the prevalence and improved the outcomes of deep neck infections; however, deep neck infections continue to be associated with severe illness and death.[3] [56] Before the antibiotic era, 70% of deep neck infections 
evolved from tonsillitis or pharyngitis. Although tonsillitis remains the most common cause of deep neck infections in children,[66] poor dental hygiene and injection drug abuse are now the most common causes of deep neck infections in 
adults.[43] [64] Other causes include trauma, surgical trauma, esophageal perforation, laryngopyocele, infected branchial cleft, and thyroglossal duct cysts,[46] thyroiditis, and mastoiditis with Bezold's (mastoid tip) abscess. Even with such a broad 
differential diagnosis, there was no apparent cause for 22% of the deep neck infections in one study.[64] Although antibiotic therapy has improved the outcome of deep neck infections, surgery is often necessary for diagnosis and for drainage, 
especially as infections caused by bacteria that are resistant to many antibiotics become increasingly common.[6] [8] [14] 

MICROBIOLOGY

Deep neck infections are frequently polymicrobial and often caused by oral bacteria. However, although more than 50 species of bacteria can be isolated from a person's mouth, a typical deep neck infection involves only about five different 
species.[5] [13] Anaerobic bacteria, such as Fusobacteria species, pigmented bacteroides species, and anaerobic streptococci (Peptostreptococci species), comprise 90% of the bacteria by weight in the gingival crevice. These anaerobic bacteria 
are often involved in deep neck infections. Facultatively anaerobic streptococci colonize the tooth and tongue surfaces, and Streptococcus pyogenes (group A streptococcus, the cause of strep throat and erysipelas) adheres well to oral 
epithelial cells. Streptococci are the organisms most commonly cultured from deep neck abscesses.[17] [63] [64] [66] 

Aerobic gram-negative bacilli and staphylococci are not commonly found in the mouth or in deep neck infections, except in injection drug abusers and seriously ill hospitalized patients.[3] 

ANATOMY

Lymphatic Vessels

The 10 groups of lymph nodes and their interconnecting vessels constitute routes for physiologic drainage and for potential spread of infection in the neck. The occipital, mastoid, parotid, facial, submandibular, and submental lymph nodes 
circle the base of the head. They are joined by the sublingual and retropharyngeal lymph nodes to drain into the anterior and, predominantly, the lateral, cervical chains. All lymph nodes in the head and neck ultimately drain into the deep 
cervical chains along the carotid arteries, providing a potential route for the spread of infection to the deep spaces of the neck and the bloodstream.

Cervical Fascia

An understanding of the layers of the cervical fascia can help in determining the anatomic location of a deep neck infection, in predicting the extent of the infection, and in choosing an approach for surgical drainage. Please see the Radiology 
chapter for illustrations. The cervical fascia is fibrous connective tissue that envelops muscles and neurovascular bundles, dividing the neck and creating potential spaces. The two major divisions of the cervical fascia are the superficial and 
the deep. The deep cervical fascia is further divided into the superficial, middle, and deep layers. Where they meet, these layers coalesce and cannot be separated. All three layers of the deep cervical fascia contribute to the carotid sheath, 
enabling some deep neck infections to track to the great vessels of the neck and, from there, into the skull or the chest.
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Superficial Cervical Fascia

The superficial or cervicocephalic fascia is located immediately deep to the dermis. It ensheathes the platysma and the muscles of facial expression. The superficial fascia extends from the epicranium down to the thorax and axilla. The 
superficial musculoaponeurotic system (SMAS) is part of the superficial cervical fascia. The space between the superficial cervical fascia and the superficial layer of the deep cervical fascia contains adipose tissue, sensory nerves, vessels 
such as the external and anterior jugular veins, and the superficial lymphatics. Infections limited to this region are not considered deep neck infections and can usually be managed successfully with antibiotics alone or with superficial 
incision and drainage along Langer's lines.

Superficial Layer of the Deep Cervical Fascia

The superficial layer of the deep cervical fascia also called the anterior layer, the enveloping layer, the external layer, and the investing layer surrounds the neck. It can be described by the "rule of twos." It envelops two muscles and two 
glands and it forms two spaces. Posteriorly it inserts into the nuchal ridge formed by the spinous processes. The superficial layer of the deep cervical fascia spreads laterally and anteriorly, splitting to envelop both the trapezius and the 
sternocleidomastoid muscles. It attaches anteriorly to the hyoid bone. The superficial layer of the deep cervical fascia contributes to the lateral aspect of the carotid sheath. Superiorly it envelops both the submandibular and the parotid glands. 
It fuses with the fascia covering the anterior bellies of the diagastric and mylohyoid muscles, forming the floor of the submandibular space or triangle. At the mandible the superficial layer of the deep cervical fascia splits, and the internal 
layer covers the medial surface of the pterygoid muscle up to the skull base. The external layer covers the masseter muscle and inserts into the zygomatic arch. Inferiorly, it inserts into the clavicles, sternum, and acromion of the scapula. The 
two spaces formed by the superficial layer of the deep cervical fascia are the space of the posterior triangle and the suprasternal space of Burns in the anterior midline.



Middle Layer of the Deep Cervical Fascia

The middle layer of the deep cervical fascia is also called the prethyroid fascia and the pretracheal fascia. It is separated into the muscular and the visceral divisions. The muscular division surrounds the sternothyroid, sternohyoid, and 
thyrohyoid "strap" muscles. Inferiorly this division also inserts into the clavicle and the sternum. Superiorly the middle layer of the deep cervical fascia inserts into the hyoid and thyroid cartilages. Posteriorly it fuses with the alar division of 
the deep layer of the deep cervical fascia at about the level of the second thoracic vertebra and forms the anterior wall of the retropharyngeal space. The visceral or submucosal division of the middle layer of the deep cervical fascia envelops 
the thyroid gland, trachea, and esophagus. It extends inferiorly into the upper mediastinum, covering the trachea and the esophagus and joining the fibrous pericardium. The middle layer of the deep cervical fascia also envelops the 
pharyngeal constrictor and buccinator muscles forming the buccopharyngeal fascia. Superiorly it inserts into the hyoid and thyroid cartilages along with the muscular division. Laterally both divisions of the middle layer contribute to the 
carotid sheath.

Deep Layer of the Deep Cervical Fascia

At the transverse processes of the cervical spine, the deep layer of the deep cervical fascia separates into a posterior prevertebral division and an anterior alar division. The prevertebral division adheres to the anterior aspect of the vertebral 
bodies and extends from the skull base down the length of the spine. It extends posteriorly around the spine and the muscles of the deep neck, enveloping the vertebral muscles, deep muscles of the posterior triangle, and scalene muscles. The 
deep layer of the deep cervical fascia also envelops the vertebral arteries and veins and phrenic nerve. It envelops the brachial plexus and the subclavian vessels, extending laterally as the axillary sheath. The alar division of the deep layer is 
located between the visceral division of the middle layer and the prevertebral division of the deep layer. The deep layer of the deep cervical fascia delineates the posterior boundary of the retropharyngeal space, extending down to about the 
level of the second thoracic vertebra, where it fuses with the visceral fascia. Both divisions contribute to the carotid sheath.

Deep Spaces—Clinical Correlation

The layers of the cervical fascia create potential spaces that can be occupied by infection. These spaces can be categorized by location as being: (1) in the face: the buccal, canine, masticator, and parotid spaces; (2) in the suprahyoid neck: the 
peritonsillar, submandibular, sublingual, and lateral pharyngargeal spaces; (3) in the infrahyoid neck: the anterior visceral space and; (4) extending the length of the neck: the retropharyngeal, "danger," prevertebral, and carotid sheath spaces.
[13] 

Face

Buccal space infections are usually odontogenic and usually arise from the mandibular or maxillary bicuspid and molar teeth. They usually present with
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marked cheek swelling, but no trismus, and minimal systemic symptoms. They often can be successfully treated with antibiotics alone. If drainage is required, then it is usually more effective if done extraorally. Canine space infections arise 
from the canine teeth or the maxillary incisors and present with dramatic swelling of the upper lip, often extending to periorbital edema. Intraoral drainage is usually indicated. The three masticator spaces (masseteric, temporal, and 
pterygoid) intercommunicate with each other and with the buccal, submandibular, and lateral pharyngeal spaces. Masticator space infections usually arise from molar teeth. They usually present with trismus and with mandibular or 
preauricular swelling and tenderness. Infection in the space deep to the temporalis muscle may initially present with mild preauricular swelling and tenderness, but can also extend to involve the entire side of the face and the orbit, causing 
proptosis, optic neuritis, and sixth cranial nerve palsy. Pterygoid space infections abut the lateral pharyngeal wall and therefore can present with mild dysphagia. However, if the lateral wall of the pharynx is displaced medially, then the 
infection is not limited to the pterygoid space, but has extended into the lateral pharyngeal space. Odontogenic parotid space infections have usually originated in mandibular molars and spread from the masseteric space. Such infections 
present with marked swelling and pain at the angle of the mandible, but no trismus. Systemic symptoms and signs are often prominent. Because the parotid space abuts the lateral pharyngeal space, parotid space infections can spread into the 
lateral pharyngeal space and from there into the carotid sheath or the retropharyngeal space.

Suprahyoid Neck

Peritonsillar space infections usually arise from tonsillitis. They are manifested by fever, odynophagia, "hot potato" voice, mild trismus, and bulging of the superior pole of the tonsillar pillar and the adjacent soft palate with deviation of the 
uvula away from the infection. Antibiotics and aspiration for drainage are usually curative, but peritonsillar infections can spread to deeper neck spaces. Submandibular space infections usually arise from the second and third mandibular 
molars, but can also be due to trauma, resulting in mandibular fracture or laceration of the floor of the mouth. They should not be confused with infections limited to the submandibular salivary glands or lymph nodes that have different 
causes and treatments. In submandibular space infections, the mandible is swollen and tender, but trismus is absent or minimal, because the muscles of mastication are not involved. Treatment is extraoral drainage, antibiotics, and dental 
extraction if the infection is odontogenic. The sublingual space is medial to the submandibular space and separated from it by the mylohyoid muscle. Sublingual space infections usually arise from the mandibular incisors and present with 
erythema and swelling and tenderness of the floor of the mouth that begins near the mandible and spreads medially, sometimes elevating the tongue. Surgical drainage should be intraoral from an incision parallel to Wharton's duct.

Ludwig's Angina

Infections of the submandibular and sublingual spaces are sometimes nonspecifically referred to as Ludwig's angina. It is probably best to limit the diagnosis of Ludwig's angina to infections that fit the classic description of a rapidly 
spreading, firmly indurated cellulitis that originates intraorally and involves submandibular and sublingual spaces bilaterally, but without abscess or lymphadenopathy. In Ludwig's angina, signs of sepsis are usually present. There is 
erythema and tender, firm edema of the anterior neck without fluctuance. Tissue fluid is not frankly purulent, but serosanguineous and malodorous. There is non-pitting, firm induration of the entire floor of the mouth, elevating the tongue, 
impairing chewing and swallowing, and producing the classic "hot potato" voice. If edema extends to the tongue base, it can obstruct the airway. Treatment is intravenous antibiotics, close airway monitoring, often including intubation or 
tracheotomy. Surgery is an option if needed for debridement of necrotic tissue or for decompression of a compartment. In a series described by Parhiscar and Har-El, 75% of patients with Ludwig's angina required intubation or tracheotomy. 
In 11 of 20 patients with Ludwig's angina, intubation was unsuccessful, resulting in emergent tracheotomy.[48] 

Suprahyoid Neck: The Lateral Pharyngeal Space

The lateral pharyngeal (parapharyngeal or pharyngomaxillary) space lies between the superficial and middle layers of the deep cervical fascia. It extends from the skull to the hyoid bone. The suprahyoid neck is the nexus for the spread of 
deep neck infections, because it abuts the other spaces, both superficial and deep, and it abuts the carotid sheath. Pharyngitis, tonsillitis, parotiditis, mastoiditis, and otitis can spread to the lateral pharyngeal space. Furthermore, infections in 
the masticator, the submandibular, and the sublingual spaces can spread to the lateral pharyngeal space. From the lateral pharyngeal space, infections can spread into the spaces that extend the length of the neck or directly into the carotid 



sheath. The lateral pharyngeal space is divided into anterior and posterior (retrostyloid) compartments. Infections in the anterior compartment

2518

of the lateral pharyngeal space are manifest by chills, fever, neck pain, odynophagia, trismus, swelling below the jaw angle, and medial displacement of the lateral pharyngeal wall. Rotating the chin opposite to the infection causes pain from 
compression of the space by the adjacent sternocleidomastoid muscle. In contrast, infections in the posterior compartment can present with sepsis syndrome and little pain or trismus. Because the posterior compartment is deeper and 
posterior, pharyngeal swelling is often less evident, but there can be ipsilateral Horner's syndrome and paresis of cranial nerves IX to XII. Sequelae of lateral pharyngeal space infection include airway obstruction from laryngeal edema, 
internal jugular vein thrombosis (Lemierre's syndrome), and carotid rupture. Lateral pharyngeal space infections should be treated with intravenous antibiotics Abscesses should be drained, and prophylactic tracheotomy should be considered.

Infrahyoid Neck

Anterior visceral space infections are caused by extension of thyroid infections or by penetrating trauma, including surgery. Symptoms of infection are hoarseness, dyspnea, and odynophagia. Physical findings include erythema, edema, 
tenderness, and crepitation of the anterior neck, and erythema and edema of the hypopharynx that can extend to the glottis.

Length of the Neck

The retropharyngeal space lies between the visceral division of the middle layer of the deep cervical fascia and the deep layer of the cervical fascia. It is posterior to the hypopharynx and the esophagus, is medial to the carotid sheath, and 
extends inferiorly into the mediastinum as far as the third thoracic vertebral body. Retropharyngeal abscess is predominantly an infection of childhood. It is estimated that half of all retropharyngeal abscesses occur in patients 6 to 12 months 
old and that more than 90% of these abscesses occur in patients younger than 6 years old. The predominant cause of retropharyngeal abscess in children is bacterial infection of the nasal sinuses or nasopharynx. In children, retropharyngeal 
abscess presents as irritability, excessive drooling, poor oral intake, and sore throat, accompanied by fever, torticollis, and cervical adenopathy on examination. The predominant causes of retropharyngeal abscess in adults are trauma from 
instrumentation and extension from an adjacent deep neck infection. In adults, symptoms often include anorexia, nasal obstruction, snoring, neck pain, odynophagia, nasal regurgitation and dyspnea, accompanied by fever, tachypnea, and 
bulging of the lateral wall of the posterior oropharynx on examination.

Posterior to the retropharyngeal space, in between the alar and the prevertebral divisions of the deep layer of the deep cervical fascia is the danger space, so called because infections in this space extend inferiorly into the mediastinum to the 
level of the diaphragm. Danger space infections are usually spread from the lateral pharyngeal or the retropharyngeal spaces and they present similarly to retropharyngeal space infections. Computed tomography (CT) or Magnetic resonance 
imaging (MRI) may be required to differentiate retropharyngeal from danger space infections.

Behind the prevertebral layer of the deep cervical fascia is the prevertebral space. It extends inferiorly along the spine to the coccyx. Infections in this space can be caused by trauma to the pharynx or to the spine. The infection may have 
spread to the prevertebral space posteriorly from the retropharyngeal or the danger spaces. The infection could also have spread anteriorly from the spine, for example, from a paraspinous or a Pott's abscess.

Infections into the carotid sheath can arise from direct inoculation, such as from injection drug abuse or spread from adjacent neck spaces. Such infections can present with chills, fever, sepsis syndrome, erythema, induration and tenderness 
of the sternocleidomastoid muscle, nuchal rigidity, contralateral torticollis, ipsilateral Horner's syndrome, and vocal cord paralysis. The complications of carotid sheath infection include internal jugular vein thrombosis (Lemierre's 
syndrome), which is more common in injection drug abusers. Internal jugular vein thrombosis presents with pulmonary septic emboli and, in patients with a patent foramen ovale, with systemic emboli as well. The dural sinus is often also 
thrombosed. In addition to intravenous antibiotics, the thrombosed jugular vein must be excised. Whether systemic anticoagulation is beneficial is unknown.

Another complication of carotid sheath infection is carotid artery rupture, which is associated with death in about one-third of patients. The internal carotid artery is most commonly involved. Rupture is often preceded by sentinel bleeding 
from the ear, nose, or mouth.

EVALUATION OF THE PATIENT

History and Physical Examination

Evaluation of a patient with suspected deep neck infection usually starts with history and physical examination. An appropriate history should include inquiry into the duration and rate of progression of symptoms, with explicit inquiry about 
any tooth pain. It should also include specific questioning about any oral lesions, upper respiratory infections, blunt or penetrating trauma to the head or neck, including
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dental procedures and injection drug use. In addition, the physician should inquire about any possible immunosuppression including human immunodeficiency virus (HIV) infection and medications including steroids and chemotherapy. 
Even mild dyspnea must be thoroughly investigated because, in a patient with deep neck infection, dyspnea may be a manifestation of impending airway obstruction and may be a result of airway compression, laryngeal edema, mediastinitis, 
or pneumonia. Physical examination should include special attention to the teeth, tonsils, and airway. Fever with focal pain and edema are the hallmark findings of acute deep neck infection. The location and extent of induration and the 
presence of fluctuance should be explicitly documented and marked on the patient's neck skin for future reference. Transnasal fiberoptic laryngoscopy is often indicated to determine the degree of upper airway obstruction and to look for 
distortions that might lead to difficulties with intubation.

Radiography

Plain Films

Radiography can be essential for adequately evaluating patients with deep neck infections. Dental radiographs, such as a Panorex oral view, are indicated when a dental infection is suspected. Note that the apices of the mandibular second 
and third molars extend below the mylohyoid line, providing a direct connection between a root tip abscess and infection in the submandibular space. Lateral cervical plain films can image retropharyngeal soft tissues in the posterior wall of 
the hypopharynx to assess the retropharyngeal and pretracheal spaces.



Compared with CT, lateral cervical neck films are about 83% sensitive in children.[44] Extremes of neck extension or flexion can produce misleading findings, as can films taken during forced inhalation. Normal prevertebral soft tissue 
thickness at C2 is 7 mm. At C6 the thickness is 14 mm for children and 22 mm for adults.

A chest radiograph is indicated for all patients with deep neck infection to assess the mediastinal silhouette for evidence of widening. Plain films do not otherwise contribute to patient evaluation because they cannot show the extent or depth 
of the infection.

Ultrasonography

High-resolution ultrasound has the advantages of being portable and not being ionizing radiation. It is therefore available in many emergency departments and physician's offices. Conversely, the reliability of the findings is operator-
dependent, and few studies support its use in diagnosis. Therefore, ultrasound is more commonly used to guide needle aspiration and to follow response to therapy than for diagnosis. [69] 

Computed Tomography and Magnetic Resonance Imaging

Either CT or MRI is usually indicated when deep neck abscess is suspected. Findings that indicate a deep neck infection include a mass with an air-fluid interface or a cystic or multiloculated appearance, and edema, or contrast ("ring") 
enhancement of tissue surrounding the mass.[25] CT or MRI can be invaluable in appropriate surgical management by defining the boundaries of the infection, including involvement of the great vessels. Both methods can also identify specific 
problems such as tracheal compression, mediastinal spread, and internal jugular vein thrombosis. CT is more widely available and takes less time for imaging than does MRI. With contrast enhancement, CT has been shown to be 91% 
sensitive and 60% specific in distinguishing superficial cellulitis from abscess. [66] MRI offers better resolution of soft tissues, superior imaging of blood vessels, and no interference by dental fillings. In addition, MRI contrast is less allergenic 
than CT contrast; however, MRI is more expensive than CT and it requires good patient cooperation, because of longer acquisition times.

TREATMENT

Surgical Management

Ensuring a secure airway is the first priority in the management of a deep neck infection. Therefore, intubation with direct laryngoscopy or tracheotomy should always be considered. Superficial infections, such as cellulitis and, sometimes, 
even abscesses, can be managed with antibiotic therapy alone.[9] [40] [45] Furthermore, ultrasound and CT-guided aspiration can be effective.[49] [69] However, surgical intervention is indicated for most deep abscesses, especially when there is airway 
compromise, sepsis syndrome, or no response to antibiotic treatment within 48 hours.[21] Fluid resuscitation should precede surgery if possible, because patients will usually be dehydrated from not eating and from fever-related water loss.

An important principle of surgical drainage of a deep neck abscess is wide exposure. The normal anatomy is often distorted and use of readily identifiable landmarks (such as the medial border of the sternocleidomastoid muscle, greater horn 
of the thyroid cartilage, hyoid bone, digastric muscle, and cricoid) is often necessary to maintain orientation. Blunt dissection should be used whenever possible. Identifying the carotid sheath early is crucial for avoiding inadvertent damage 
to it and to the major neurovascular structures it contains. Once the abscess cavity is opened, material should be obtained for Gram stain and for
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culture of aerobic bacteria, anaerobic bacteria, acid-fast bacteria, and fungi. It is best to avoid the use of swabs. Send pus or tissue to the microbiology laboratory, because fastidious organisms are more likely to be isolated from pus or a 
tissue specimen than from a swab. If culture swabs must be used, then be sure to submit at least three swabs: one for Gram stain, one for general culture, and one specially designed and handled for anaerobic culture. Remaining tissue 
specimens should be submitted for pathologic evaluation. The abscess should be completely drained, including blunt avulsion of any loculations. All devitalized tissue must be débrided. If there is extensive tissue necrosis, the débrided 
wound should not be closed. Instead it should be packed with antimicrobial-soaked dressings and allowed to close by secondary or tertiary intention. Frequent inspection of the wound to assess the need for additional débridement is 
appropriate. Wounds with less necrosis can be closed with active suction drainage. Large-bore drains (19 French) may be required for irrigation. Complications such as septic emboli, septic shock, and pulmonary aspiration should be 
anticipated during the recuperative period. More aggressive surgery may be required for complicated deep neck infections. For example, a thrombosed internal jugular vein should be ligated and resected. Infection extending into the 
mediastinum may require thoracic surgery. Although cervical drainage alone is usually sufficient for infections above the carina and the fourth thoracic vertebral body, an abscess below the level of the carina should be drained 
transthoracically. [19] [67] In mediastinal infections not requiring thoracic drainage, blunt dissection along the carotid sheath and the paratracheal space facilitates evacuation of the abscess, and a drain should be placed in the anterior mediastinum.

Antibiotic Treatment

Consider usual oral flora, local antibiotic susceptibility patterns, and culture results from the patient when selecting an antibiotic for a deep neck infection. Many organisms involved in deep neck infection are fastidious and difficult to culture 
and not all cultured organisms are equally pathogenic. Therefore, it may be unnecessary to administer antibiotics directed against all of the cultured organisms for effective treatment. Use antibiotic(s) generally effective against streptococci, 
anaerobes, and beta-lactamase-producing bacteria. Either ampicillin-sulbactam or cefoxitin is appropriate for most patients with deep neck infections ( Box 110-1 ). Clindamycin is an important alternative for penicillin-allergic patients. 
However, the possibility of Eikenella corrodens, a gram-negative facultative anaerobe found in the oral cavity, makes it reasonable to add ciprofloxacin or an aminoglycoside, such as gentamicin, in penicillin-allergic patients responding 
poorly to clindamycin alone. The combination of metronidazole plus trimethoprim-sulfamethoxazole is also reasonable antibiotic treatment for deep neck infection.

 
 

Box 110-1. EMPIRIC ANTIBIOTIC MANAGEMENT FOR DEEP NECK INFECTION

 
Otherwise Healthy Patient 

Ampicillin-sulbactam 1.5 to 3 g IV every 6 hours or clindamycin 600 to 900 mg IV every 8 hours or cefoxitin 1 to 
2 g IV every 6 hours or ceftriaxone 1 to 2 g IV every 12 hours 
 

 



Compromised Patient or Pseudomonas Aeruginosa Suspected 

Ticarcillin-clavulanate 3 to 0.1 g IV every 4 to 6 hours, or piperacillin-tazobactam 3 to 0.375 g IV every 4 to 6 
hours, or imipenem-cilastatin 250–250 to 500–500 mg IV every 6 hours (each + / - an aminoglycoside), or 
clindamycin 600 to 900 mg IV every 8 hours plus ciprofloxacin 400 mg IV every 12 hours, or plus ceftazidime 1 
to 2 g IV every 8 hours 
 

 
Staphylococcus Aureus Suspected 

Add vancomycin 1 g IV every 12 hours (dose adjusted for serum levels) 
 

 
Necrotizing Cervical Fasciitis 

Ceftriaxone 2 g IV every 8 hours plus clindamycin 900 mg IV every 8 hours, or plus metronidazole 500 mg IV 
every 6 hours 
 

 
 
In compromised or hospitalized patients who are likely to be colonized with facultative gram-negative organisms including Pseudomonas aeruginosa, appropriate treatment includes ticarcillin-clavulanate, piperacillin-tazobactam, or 
imipenem-cilastatin. In compromised, penicillin-allergic patients, the combination of clindamycin plus ciprofloxacin or an aminoglycoside is appropriate. Avoid aminoglycosides in elderly patients and in those at risk for hearing or renal 
impairment to avoid aminoglycoside ototocity and nephrotoxicity. If resistant Staphylococcus is suspected (e.g., in a postoperative patient or an injection drug user), then adding vancomycin is appropriate until Gram stain and culture results 
enable more focused therapy. Traditionally, intravenous antibiotics are continued until the patient remains afebrile for 48 hours. However, in patients with normal gastrointestinal function, the excellent oral bioavailability of amoxicillin-
clavulanate, clindamycin, ciprofloxacin, metronidazole, and trimethoprimsulfamethoxazole may enable a more rapid progression to oral antibiotics.
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SELECTED SYNDROMES

Immunosuppression

Immunosuppressed patients are increasingly encountered because of the worldwide pandemic of HIV and because of advancements in medical therapy including synthetic insulins for diabetes, chemotherapy for cancer, transplantation for 
organ failure, and immunosuppression for autoimmune disease. Immunosuppressed patients suffer from the same infections that afflict other patients, but with greater frequency. In addition, immunosuppressed patients are more likely to 
present with minimal symptoms and signs of infection and to suffer serious complications. Such patients can also be infected with usually nonpathogenic organisms. For example, HIV-infected patients can present with neck infection from 
Pneumocystis carinii. [7] [15] Therefore, all physicians should routinely inquire about patients' risk factors for immunosuppression. When caring for immunosuppressed patients, physicians should be vigilant about identifying infection. Closer 
than usual follow-up and more frequent testing, including invasive tissue sampling, are often appropriate in immunosuppressed patients.[57] 

Injection Drug Abuse

Injections into the neck for reasons other than medical care can be a common cause of deep neck infection in some populations. In one inner-city practice, 32% of all neck abscesses had this cause.[64] The most frequent location of infection is 
the anterior cervical triangle, 43 but a search for additional sites of involvement is recommended. A CT scan of the neck and upper chest may be appropriate. A chest radiograph in full exhalation may also be indicated to rule out 
pneumothorax caused by perforation of the apical pleura. Although complex syndromes such as mycotic aneurysm of the carotid artery[30] have been described, most infections associated with injection drug abuse are bacterial abscesses. 
Frequently the abscess surrounds a foreign body, such as a broken needle. The organisms most often cultured from neck abscesses in patients who abuse drugs by injection are gram-positive cocci such as staphylococci and streptococci.[18] [31] [43] 
[64] The staphylococci are frequently methicillin resistant.[31] Oral anaerobes, Enterobacteriaceae, Haemophilus species, and E. corrodens are also frequently isolated. [31] Therefore, empiric antibiotic treatment for deep neck infection in patients 
abusing drugs by injection should cover anaerobes, including E. corrodens, Enterobacteriaceae, and gram-positive organisms, including methicillin-resistant staphylococci. Appropriate regimens are the same as for other compromised 
patients with deep neck infection except that vancomycin should be added (see Box 10-1 ). In addition, if clindamycin is used to cover anaerobes, then an agent effective against E. corrodens, such as ciprofloxacin or an aminoglycoside, 
should also be used. Antibiotic therapy can often be simplified to focus on specific susceptibilities when Gram stain and culture results become available.

Necrotizing Cervical Fasciitis

Necrotizing cervical fasciitis is a fulminant infection with necrosis of connective tissue spread along fascial planes and high mortality.[4] [39] [42] [59] It is usually polymicrobial and odontogenic and occurs more frequently in immunocompromised 
and postoperative patients.[22] [24] [51] Ludwig's angina is the most common type of necrotizing cervical fasciitis. The principles described earlier in this chapter for the evaluation and management of deep neck infections apply to necrotizing 
cervical fasciitis.

The patient is usually acutely and severely ill with a high fever. The overlying skin may be exquisitely tender, edematous, and erythematous. The erythema associated with necrotizing fasciitis is flat and the transition to adjacent normal skin 
is indistinct. These findings combined with soft-tissue crepitation from gas are diagnostic. As necrosis progresses, the skin becomes pale and anesthetic, and then dusky. Blisters or bullae form, and sloughing can occur within 48 hours of 
initial symptoms.

Early surgery is mandated for necrotizing fasciitis. Empiric broad-spectrum intravenous antibiotic therapy, such as a combination of a third-generation cephalosporin (ceftriaxone) plus either clindamycin or metronidazole, should be initiated 



as soon as possible (see Box 110-1 ). Relatively benign superficial findings often belie the extensive underlying soft tissue necrosis. Subcutaneous tissues are pale and edematous, with fat liquefaction and "dishwater" drainage. All soft tissue 
and skin that are no longer viable must be excised. The surgical wound should be left open for continued wound care and packed with antimicrobial-soaked gauze. Daily débridement is indicated until the wound stabilizes. Airway control 
with tracheotomy is almost always indicated at the time of initial débridement.

Necrotizing cervical fasciitis is life threatening, and all patients with this infection should be monitored in an intensive care setting. Respiratory failure, delirium, mediastinitis, pericardial tamponade, disseminated intravascular coagulopathy, 
and neuropathy are potential complications. Patients with mediastinitis have a fourfold greater mortality rate than those with only cervical involvement (64% vs 15%).[58] Death often results from sepsis with multiorgan failure and 
hemodynamic collapse.

Hyperbaric oxygen (HBO) has been proposed as adjunctive treatment for necrotizing fasciitis because
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high tissue oxygen tension inhibits growth of anaerobic bacteria, improves leukocyte killing of ingested bacteria, and induces neovascularization.[27] [34] Some authors report higher survival rates for patients with necrotizing fasciitis who are 
treated with HBO;[29] [35] [53] whereas others have not found an improvement in survival.[10] No adverse effects have been described in the management of necrotizing cervical fasciitis with HBO, and the apparent clinical benefit is sometimes 
impressive. Therefore, the use of HBO should be considered in hemodynamically-stable patients with necrotizing cervical fasciitis.

Actinomycosis

Oral-cervicofacial actinomycosis is an uncommon infection characterized by formation of a soft-tissue mass or a multiloculated abscess, destruction of normal tissue planes, and the presence of macroscopic or microscopic sulfur granules. 
Actinomycosis classically presents as a slowly growing, painless, firm, possibly suppurating, submandibular mass, but it can also present as a rapidly progressive, painful, fluctuant infection anywhere in the neck or face associated with fever 
and leukocytosis. The infection is caused by a mixture of oral microbes with a predominance of an actinomycete, such as Actinomyces israelii, a large gram-positive, anaerobic bacillus. Actinomycosis is seen more frequently in people with 
poor oral hygiene and oral mucosal trauma and its incidence has decreased in the antibiotic era.

Management does not always require drainage of the abscess. Prolonged, high-dose, antibiotic therapy with penicillin, tetracycline, erythromycin, or clindamycin is necessary to prevent recurrence. A typical regimen might include penicillin 
G, 3 million units intravenously every 4 hours for 2 to 6 weeks followed by oral amoxicillin, 1 g orally every 12 hours for 2 to 12 months.[38] Cephalosporins and semi-synthetic penicillins such as nafcillin and dicloxacillin are less active 
against actinomycetes in vitro and should not be used in treatment.

Cervical Lymphadenopathy

Cervical lymphadenopathy can have many and diverse causes. Local infection with pyogenic organisms and oral microbes is the most common cause, but infection with mycobacteria, or viruses, and even sarcoidosis should be considered in 
the differential diagnosis ( Box 110-2 ). When there is doubt about the cause, fine-needle aspiration (FNA) can be diagnostic, but excisional biopsy is sometimes necessary.

Pyogenic

Acute, unilateral, pyogenic, cervical lymphadenitis is predominantly an infection of young children (ages 1–5 years) and is usually caused by S. pyogenes (group A Streptococcus) or Staphylococcus aureus. The child is usually febrile (37.8–
39.6°C) with an elevated leukocyte count (12–25 k/ml). Antibiotic treatment is usually curative. [54] 

 
 

Box 110-2. SOME CAUSES OF CERVICAL LYMPHADENOPATHY

 
Viruses 

Epstein-Barr (infectious mononucleosis) 
 
Human immunodeficiency 
 

 
Bacteria 

Streptococcus pyogenes (group A Streptococcus) 
 
Staphylococcus aureus 
 
Mixed oral bacteria, including anaerobes 
 
Mycobacterium tuberculosis 
 
Bartonella henselae (cat-scratch disease) 
 

 



Protozoans 

Toxoplasma gondii 
 

 
 
Mycobacterial

Tuberculous cervical lymphadenitis (scrofula) is the most frequent manifestation of extrapulmonary tuberculosis.[2] [12] [16] The classic presentation is unilateral, painless, firm, erythematous swelling in the posterior triangle.[32] [36] The patient is 
usually asymptomatic and without other evidence of active tuberculosis; however, children and immunosuppressed adults will often have concurrent pulmonary disease.[1] [36] Evaluation of the suspect patient should include a tuberculin skin 
test and a chest radiograph. The skin test is almost always positive (>10 mm induration).[23] FNA usually shows granulomata, but rarely reveals acid-fast bacilli except in immunosuppressed patients. Culture of the specimen is often crucial for 
differentiating tuberculous lymphadenitis from that caused by other mycobacteria or fungi. Appropriate management includes antituberculous chemotherapy and complete surgical excision without drains to avoid fistulization. Although the 
specific chemotherapeutic regimen should be based on local susceptibilities and culture results, a 9-month course of isoniazid and rifampin or a 6-month course of isoniazid, rifampin, and pyrazinamide is sufficient for susceptible organisms.

Cervical lymphadenitis caused by nontuberculous Mycobacteria does not respond to antituberculous chemotherapy. In the United States, the most common nontuberculous mycobacteria isolates from the neck are Mycobacterium avium 
complex (M. avium
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and Mycobacterium intracellulare), Mycobacterium fortuitum, Mycobacterium kansasii, and Mycobacterium scrofulaceum.[50] [61] [65] Cervical lymphadenitis caused by nontuberculous mycobacteria occurs most frequently in the submandibular 
triangle, upper jugular nodes, or the preauricular nodes of children under the age of 6 years.[61] A tuberculin skin test is frequently positive (10–15 mm induration), but a strongly positive test (> 20 mm) is more consistent with tuberculosis.[23] [65] 
Complete surgical excision can be curative. Recurrence is likely after simple incision and drainage or after incomplete excision. [2] [37] [55] [60] [62] However, when complete excision threatens vital structures, such as the marginal mandibular branch 
of the facial nerve, then curettage can yield acceptable results.[23] [26] [47] [65] Antimicrobial chemotherapy directed against nontuberculous mycobacteria has been used, but is not clearly beneficial. Antituberculous chemotherapy is appropriate 
while culture results are pending, or when a definitive diagnosis cannot be made.

Cat-Scratch Disease

Bartonella henselae, the agent of cat-scratch disease, is an organism that can cause granulomatous cervical lymphadenitis. This infection may have been originally described as conjunctivitis with preauricular lymphadenopathy (Parinaud's 
oculoglandular syndrome). Cat-scratch disease is a relatively common infection in young children with a history of exposure to cats, especially to kittens.[11] The diagnosis is established by biopsy, demonstrating small pleomorphic gram-
negative rods that can be cultured with enough time and under special conditions. The infection and the adenopathy usually resolve spontaneously over several weeks to months in immunocompetent patients, and antibiotic therapy is not 
indicated.[69] Patients with acquired immunodeficiency syndrome (AIDS) may require lifelong suppressive therapy with a macrolide (e.g. clarithromycin) or a tetracycline.[28] 

Toxoplasmosis

Toxoplasmosis is a cause of cervical lymphadenopathy that can be transmitted to humans by cats. Toxoplasma gondii is a protozoan parasite with worldwide distribution in all orders of mammals. Serologic surveys indicate that 3% to 70% of 
healthy adults in the United States have been infected and 80% to 90% of infections are asymptomatic.[52] The most frequent presentation of infection with Toxoplasma organisms in immunocompetent patients is discrete, firm, nontender, not 
suppurating, less than 3 cm, cervical lymph node enlargement.[41] Enlargement of other lymph nodes, fever, malaise, myalgia, sore throat, rash, hepatosplenomegaly, and circulating atypical lymphocytes may occur. The diagnosis should be 
considered in all cases of acute cervical lymphadenopathy and is supported by characteristic lymph node morphology on biopsy. The diagnosis can be confirmed by serologic testing and there is an increasing role for polymerase chain 
reaction isolation of Toxoplasma species deoxyribonucleic acid from biopsy material. Treatment is unnecessary in immunocompetent patients. Symptoms and lymphadenopathy resolve spontaneously over weeks to several months. 
Immunocompromised patients, such as those with AIDS, Can develop fatal encephalitis and require lifelong suppressive therapy.[33] 
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Chapter 111 - BLUNT AND PENETRATING TRAUMA TO THE NECK



Robert H. Maisel 
David B. Hom 

INTRODUCTION

As the incidence of violent trauma rises in our society, the rate of penetrating trauma to the head and neck also grows. At present, penetrating neck injury comprises 5% to 10% of all trauma cases. All penetrating neck wounds are potentially 
dangerous and require emergency treatment.[7] 

In the neck, multiple vital structures are vulnerable to injury in a small anatomic area and are not protected by bone. Such vital structures of the neck can be divided into four groups: the air passages (trachea, larynx, pharynx, lung); vascular 
(carotid, jugular, subclavian, innominate, aortic arch vessels); gastrointestinal (pharynx, esophagus); and neurologic (spinal cord, brachial plexus, peripheral nerves, cranial nerves [CNs]). Signs or symptoms listed in Box 111-1 should alert 
the otolaryngologist that injury to any of these structures has occurred.

PHYSICAL PROPERTIES OF PENETRATING OBJECTS

Knowledge of the physical properties and ballistics of the penetrating object can help determine a management plan and predict the risk of injury.[36] The location of penetration also predicts risk and helps in planning for management. [17] [45] The 
magnitude of injury is determined by the kinetic energy that is transferred from the projectile to the target tissue: KE = 1/2M(V1 −V2 )2 . [45] KE is the kinetic energy of the projectile, M is the mass of the projectile, V1 is the initial velocity on 
contact, and V2 is the exit velocity.[5] 

Handgun

Civilian handgun injuries traditionally are from projectiles with low-muzzle velocity (90 m/sec). An impact velocity of 50 m/sec penetrates skin, and an impact velocity of 65 m/sec will fracture bone. These slow-velocity projectiles have 
been known to push aside vital structures such as arteries. Penetrating wounds caused by small-caliber handguns have a less damaging effect than other projectiles of higher velocity.

Guns are classified by projectile type, speed, and caliber (diameter of muzzle bore). Bullets that travel greater than 610 m/sec are considered high-velocity projectiles. Handguns or pistols (.22 caliber to .45 caliber) have muzzle velocities 
from 210 to 600 m/sec. Caliber is a term interchangeable with the designation of the cartridge (e.g., 22-caliber pistol). Handguns can develop up to 1000 foot-pounds of energy. A .44-caliber magnum, which has a large powder charge, can 
create even more hypervelocity. Thus, injury from this gun can cause tissue destruction comparable with that caused by a rifle bullet, a larger projectile.

The yaw of the bullet describes the deflection of the projectile around the axis of travel. If the yaw is minimal (not tumbling), with the bullet entering perpendicular to the body surface, the bullet will pass through the tissues with little energy 
transmitted. A tumbling bullet causes injury in a wider path. The projectile can follow tissue planes and may not injure vital structures. A bullet also can deflect from bones of the mandible or cervical spine. Unfortunately, civilian gunshot 
wounds increasingly involve heavier projectiles with higher-velocity handguns. In all cases, a full inspection of the entire naked body and palpation of the head is necessary to reveal all entrance and exit wounds. This information may be 
useful in predicting damage. Low-velocity bullets are usually lead shielded and often leave a radiographic track. A diagnosis based on physical signs of injury, after full and careful organ system evaluation, is often sufficient for these injuries 
if all presentations are normal. Radiographic confirmation or surgical exploration should follow any uncertainty or deterioration of physical signs.

Rifle

Most military rifles have a jacket of strong metal, usually copper, that surrounds a lead projectile. This
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permits smoother and longer flight because of less drag and less aerodynamic compression. Similarly, because of the lack of deformation, these military bullets create a clean hole with a through-and-through wound without a lead track to 
follow. The M16 military rifle has a bullet that is designed to tumble and therefore causes more tissue injury. It is against the terms of the Hague Convention of 1908 for military projectiles to include expanding bullets such as hollow point, 
softnose, or dumdum bullets. These soft-tip bullets expand on contact and cause greater soft-tissue injury. They create a large wound cavity, may not cause an exit wound, and may fragment, with partial projectiles causing injury far from the 
primary direct path. Hunting rifles use these expanding bullets, and therefore the civilian wounds caused by these projectiles can be more devastating than a comparable wound inflicted by a military weapon.

 
 

Box 111-1. SIGNS AND SYMPTOMS OF PENETRATING NECK TRAUMA

 
Airway 

Reparatory distress 
 
Stridor 
 
Hemoptysis 
 



Hoarseness 
 
Tracheal deviation 
 
Subcutaneous emphysema 
 
Sucking wound 
 

 
Vascular System 

Hematoma 
 
Persistent bleeding 
 
Neurologic deficit 
 
Absent pulse 
 
Hypovolemic shock 
 
Bruit 
 
Thrill 
 
Change of sensorium 
 

 
Nervous System 

Hemiplegia 
 
Quadriplegia 
 
Coma 
 
Cranial nerve deficit 
 
Change of sensorium 
 
Hoarseness 
 

 
Esophagus/Hypopharynx 

Subcutaneous emphysema 
 
Dysphagia 
 
Odynophagia 
 
Hematemesis 
 
Hemoptysis 
 
Tachycardia 
 
Fever 
 

 
From Stiernberg C and others: Gunshot wounds to the head and neck, Arch Otolaryngol Head Neck Surg 118:592, 
1992.



 
 
Most military rifles have a muzzle velocity of 760 m/sec. High-velocity missiles (>610 m/sec) not only tear tissue but also transmit energy to surrounding tissue. A cavity of up to 30 times the size of the missile may be created and pulsate 
over 5 to 10 cm, with several waves of contraction and expansion of the tissue[13] ( Figure 111-1 ). This may explain the finding of a punctured viscus without direct penetration and should alert the surgeon to examine the trachea and 
esophagus, even when a bullet wound is 2 inches away ( Figure 111-2 ).

High-energy missiles are not easily deflected and cause significant destruction along their path as the energy is absorbed by the surrounding tissue. Deer rifles fire a projectile designed to mushroom on impact, causing a large amount of 
tissue destruction within a small area.

The mortality from all high-velocity rifle injuries inflicted directly on the neck is significant. These patients usually do not survive and are not available for study. In view of the expected severity of injury, all known victims of high-velocity 
rifle injuries who survive on reaching the hospital merit strong consideration for surgical exploration. For stable patients, angiograms should be considered before surgery. In helping to determine whether mandatory surgical exploration or 
further preoperative diagnostic tests are needed, knowledge of the size and velocity of the intruding missile is helpful.

 
Figure 111-1 Characteristic wound profile of a high-velocity, soft-point rifle bullet. Note characteristic large temporary and permanent cavities with massive tissue disruption. The wound profile of a conventional copper-jacketed, high-
velocity bullet would reveal a similar temporary cavity. (From Fackler MA and others: J Trauma 28(Suppl):21, 1988.) 

 

Figure 111-2 Types of injuries caused by different missiles. Both temporary cavity (dotted line) and permanent cavity (stipple area) are large. A, Tumbling missile. B, Expanding bullet. C, Fragmenting bullet. D, Self-exploding bullet. 
(From Holt GR, Kostohryz G: Arch Otolaryngol 109:313, 1983. Copyright 1983, American Medical Association.) 

 

TABLE 111-1 -- SHOTGUN SHELLS

Shot Size Diameter, in Maximum Range, yd Pellets per Ounce, n



12-Gauge round ball .645 1420 .75

16-Gauge round ball .610 1340 1.0•

10-Gauge round ball .545 1200 1.25

410-Gauge round ball .38 850 —

000 Buckshot .36 — 6•••

00 Buckshot .34 748 8•••

0 Buckshot .32 704 9•••

1 Buckshot .30 660 11•••

2 Buckshot .27 — 15•••

3 Buckshot .25 — 19•••

4 Buckshot .24 — 21•••

#1 Shot .16 352 73•••

#2 Shot .15 330 90•••

#3 Shot .14 308 109•••

#4 Shot .13 286 135•••

#5 Shot .12 264 170•••

#6 Shot .11 242 225•••

#7 1/2 Shot .095 209 350•••

#8 Shot .09 198 410•••

#9 Shot .08 176 585•••

#12 Shot .05 110 2385•••

From Ordog GJ: Missile wound of the neck. In Ordog GJ, editor: Management of gunshot wounds, New York, 1988, Elsevier.
 
 

TABLE 111-2 -- CLASSIFICATION OF BIRDSHOT SHOTGUN WOUNDS

 RANGE *   

Type Standard Barrel Sawed-off Shotgun Injury Mortality, %

0 Long >12 m >4 m Superficial—pellets in skin only 0

I Long >12 m >4 m Penetrates only subcutaneous tissue 0–5

II Close 5–12 m 2–4 m Penetrates beyond deep fascia 15–20

III Point blank <5 m 0–2 m Extensive tissue damage 85–90

From Ordog GJ: Missile wounds of the neck. In Ordog GJ, editor: Management of gunshot wounds, New York, 1988, Elsevier.
*The distance will vary with each type of shotgun and is significantly reduced for sawed-off shotguns. 

 
 
 
prevent infection. Radiography is useful for revealing pellets in unexpected locations, such as the intracranial, intrathoracic, or intraorbital cavities. Magnetic resonance imaging (MRI) may be even more valuable than computed tomography 
(CT) for the stable patient, because metal scatter artifact does not occur.

Miscellaneous Injuries

Knife, icepick, cut-glass, or razor-blade injuries usually proceed along more predictable pathways. However, what seems to be a single-entry wound may be from multiple stab wounds. The history of the attack may be of some help to the 
physician in determining whether the blow was overhand or underhand, whether both the attacker and the recipient were standing, and other similar details. Compared with gunshot wounds to the neck, cervical stab wounds have a higher 
incidence of subclavian vessel laceration.[31] [38] This is because stabbings to the neck often occur in a downward direction, with the knife slipping
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over the clavicle and into the subclavian vessels.[32] In gunshot wounds, the direction of the projectile is more perpendicular to the neck; thus, the clavicle can protect the subclavian vessels. In regard to spinal injuries, neck stab wounds have a 
lower incidence than cervical bullet wounds.[32] 



MANDATORY VS ELECTIVE EXPLORATION

Penetrating neck injuries should be differentiated into two basic presentations, depending on whether they are immediately life-threatening or not. The signs of immediate life-threatening injuries include massive bleeding, expanding 
hematoma, nonexpanding hematoma in the presence of hemodynamic instability, hemomediastinum, hemothorax, and hypovolemic shock. In all of these instances, immediate surgical exploration is mandatory. On the other hand, 
hemodynamically stable patients who are seen with non-life-threatening features can undergo thorough imaging investigations to determine the extent of injury.

For the stable patient, the choice of management remains controversial: either mandatory exploration for all penetrating neck wounds or selective exploration with observation.[48] A number of retrospective studies have supported both 
mandatory surgical exploration and selective surgical exploration.[4] [16] [25] For the selective surgical approach, it is emphasized that the clinical status of the patient should be monitored closely by frequent observation and medical examination 
with diagnostic radiology and surgical endoscopy. In civilian injury, this is often possible, but in times of war or civilian catastrophe, resources such as radiography and observation beds may not be available for large numbers of casualties.

Until World War II, the mortality of penetrating neck wounds ranged from 7% to 15%. By the end of the Vietnam War, it was reduced to 3% to 6%[25] ( Table 111-3 ). However, mortality remains high if major vascular structures (carotid or 
subclavian arteries) or the cervical spinal cord is injured. During the Vietnam War, it was customary to explore all patients with penetrating neck wounds below the platysma layer under general anesthesia, regardless of preoperative findings. 
The idea of mandatory exploration also was advocated by Fogelman and Steward in 1956 for civilian injuries. This philosophy was followed to the mid-1980s by most general trauma centers in large cities in the United States. However, it 
was realized that in many instances significant injuries to major structures did not occur. This reasoning led some surgeons to follow a more selective approach for these injuries. However, advocates for mandatory exploration believe that 
exploration has time-proven success. Each of the proponents give arguments that support their views, both medically and economically ( Table 111-4 ).

Classification

Anatomically, the neck can be divided into three major zones to aid in the decision making for diagnostic tests and timing of surgery[45] ( Figure 111-3 ). Zone I is below the cricoid and represents a dangerous area, because the vascular 
structures in this zone are in close proximity to the thorax. The bony thorax and clavicle act to protect zone I from injury as do other bony structures at the base of the neck. This osseous shield also makes surgical exploration of the root of 
the neck difficult. In zone I, injuries to the right side are often approached through a median sternotomy, whereas injuries to the left side are often managed by a left anterior thoracotomy to control the hemorrhage. Zone I has a fairly high 
mortality rate of 12%.[35] 

Mandatory exploration is not usually recommended for zone I injuries; angiography is usually suggested to ensure that the great vessels are not injured.

Zone III is located above the angle of the mandible. This area also is protected by skeletal structures and is difficult to explore because of the skull base and the need to divide or displace the mandible. The necessity for craniotomy in 
exploration and control of high carotid injury in this location makes zone III treacherous. Recognizing injuries to many of the cranial nerves exiting the skull base in zone III is important, because these injuries may be indicative of injuries to 
the great vessels because of their close proximity. An abnormal neurologic examination would suggest the need for angiography in the stable patient.

In view of the difficult surgical approaches to zone I and zone III, most authors agree that all patients with such injuries who are stable and without evidence of acute airway obstruction, significant bleeding, or expanding hematoma should be 
evaluated with angiography, with consideration of barium swallow. For zone III injuries, frequent intraoral examination should be performed to observe for edema or expanding hematoma within the parapharyngeal or retropharyngeal spaces.

 
TABLE 111-3 -- MORTALITY OF PENETRATING NECK TRAUMA IN WARTIME AND CURRENT CIVILIAN PRACTICE

Incident Injuries, n Mortality, %

Civil War 4114 15

Spanish-American War 188 18

World War I 594 11

World War II 851 •7

Current civilian practice  3–6

From McConnell D, Trunkey D: Adv Surg 27:97, 1994.
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TABLE 111-4 -- MANDATORY VS SELECTIVE MANAGEMENT OF NECK WOUNDS

Consideration Mandatory Selective

Diagnosis Potential life-threatening injuries can be missed by the preoperative workup Most major injuries can be diagnosed preoperatively; routine exploration can miss 
some injuries

Skill and resources Selective management requires more skill, manpower, experience, and judgment; additional special 
diagnostic procedures are also required

Selective care will reduce unnecessary explorations by a surgeon inexperienced with 
trauma

Hospital stay Length of stay is similar for observation and negative exploration No advantage of negative exploration

Delay If occult injuries are delayed, morbidity and mortality will increase Delay has not been shown to significantly increase morbidity and mortality of occult 
injuries



Patient care Active observation requires continuous availability of experienced trauma medical staff for monitoring the 
patient

Selective management emphasizes the concept of collaboration among trauma team 
members and reduces unnecessary surgical exploration

Adapted from Obeid F and others: Surg Gynecol Obstet 160:517, 1985.
 
 
Figure 111-3 The three zones of the neck are seen on this frontal view. The shaded area represents the portion that some authors consider zone I but that others label zone II. (From Carducci B and others: Ann Emerg Med 15:208, 1986.) 

 

Figure 111-4 Selective management of penetrating neck injury. (Adapted from McConnell D, Trunkey D: Adv Surg 27:97, 1994.) 

 

Figure 111-5 An algorithmic approach to penetrating neck wounds of zone II. 

 

TABLE 111-5 -- ACCURACY OF SELECTIVE EVALUATION TECHNIQUES

Procedure Indications Contraindications Accuracy, %

Angiography Wounds near vessel in zone I or zone III Expanding hematoma •98.5

  Profound shock  

  Uncontrolled bleeding  

Barium swallow Hematemesis Intubated •90.0

 Drooling Saliva in wound  



 Dysphagia Unstable patient  

 Vocal cord paralysis   

Esophagoscopy Suspected but unconfirmed injury by barium swallow None •86

 Intubated   

 Laryngeal or tracheal injury   

 Vascular injury in zone II or zone III   

Direct laryngoscopy and bronchoscopy Vocal cord paralysis None 100

 Hoarseness   

 Tenderness or crepitance over larynx   

 Subcutaneous emphysema   

 Hemoptysis   

From Miller RH, Duplechain JK: Otolaryngol Clin North Am 24:15, 1991. Used with permission.
 
patients. Zone II wounds are usually easily accessible and a low risk for exploration. Zone II injuries may be evaluated by selective angiography or exploration. Certain indications for an angiogram in zone II injuries include a stable patient 
who has persistent hemorrhage or neurologic deficits compatible with adjacent vascular structure damage[15] ( Figure 111-6 ). An example of this is Horner's syndrome indicative of sympathetic nerve plexus injury or hoarseness indicating a 
recurrent laryngeal nerve injury. This neurologic picture suggests that the carotid sheath has been violated, and vascular integrity needs confirmation by angiography, as well as frequent close observation to detect for a lacerated carotid 
artery, intimal tear, or pseudoaneurysm[42] ( Figure 111-7 ). Arteriography can be accurate diagnostically with good technique and with an experienced radiologist. Patients with negative arteriography and positive physical signs still need 
exploration. If there is radiographic evidence that a bullet has changed location because of gravitational or positional change of the patient, removal of the bullet should be considered. This is because a migratory bullet can increase the risk of 
embolic phenomenon.[23] 

For asymptomatic zone II penetrating neck injuries, the usefulness of angiography remains controversial. One study showed no statistically significant difference in sensitivities between a clinical examination and angiography for the 
detection of vascular injury. This study concluded that the clinical examination for zone II injuries may be sufficient to detect significant 

 
Figure 111-6 Arteriogram demonstrating common carotid artery injury in a 26-year-old man with small hematoma and normal neurologic examination. (From Hiatt JR and others: J Vasc Surg 1:860, 1984.) 

 

Figure 111-7 A, Anteroposterior view arteriogram of the right common carotid artery reveals a contained extravasation of the internal carotid artery near the base of the skull (arrow). Cranial nerve deficits at the jugular foramen (X–XII) 
accompany this injury. B, A follow-up arteriogram of the internal carotid artery 1 week later shows enlargement of the pseudoaneurysm. (From Scalfani SJA and others: J Trauma 25:871, 1985.) 



 

Figure 111-8 This patient had a high cervical cord resection with quadriplegia. No vascular injury was recognized. (From Ordog GJ and others: J Trauma 25:238, 1985.) 

 

Figure 111-9 No. 4 Fogarty catheter method with shunt placement in an attempt to control bleeding of internal carotid artery near skull base. (Modified from Perry M: Injuries of the carotid and vertebral arteries. In Bongard FS, Wilson SE, 
Perry MO, editors: Vascular injuries in surgical practice, Norwalk, Conn, 1991, Appleton & Lange.) 

 

Figure 111-10 Types of vascular repairs. (From Dichtel WJ and others: Laryngoscope 94:1142, 1984.) 



 

Figure 111-11 This perforation occurred from blunt trauma. Cervical esophageal perforation from flexion-hyperextension injury. A, Esophagogram showing perforation at the level of the C5-6 vertebrae. B, Level of bone spur and 
perforation. (From Spenler CW, Benfield JR: Arch Surg 111:663, 1986. Copyright 1986, American Medical Association.) 

 

Figure 111-12 Interposition of strap muscle between esophageal and tracheal repair. (From Miller RH: The surgical atlas of airway and facial trauma, Philadelphia, 1983, WB Saunders.) 

 

Figure 111-13 Summary of management and preoperative clinical status of 180 patients with penetrating wounds of the neck. (From Obeid FN and others: Surg Gynecol Obstet 160:517, 1985.) 
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Chapter 112 - DIFFERENTIAL DIAGNOSIS OF NECK MASSES



W. Frederick McGuirt Sr. 

INTRODUCTION

The differential diagnosis of a neck mass covers a broad spectrum of diseases and carries implications for management as varied as any area of medicine. All possible diagnoses and means of differentiating them are too numerous for a 
chapter of this length. Thus, a flowchart is used to help the otolaryngologist make the most logical diagnosis and consider viable options in the management of each problem ( Figure 112-1 ).

GENERAL CONSIDERATIONS

When examining a patient with a neck mass, the physician's first consideration should be the patient's age group: pediatric (15 years of age and younger), young adult (16 to 40 years of age), or older adult (older than 40 years of age). Within 
each group, the incidence of congenital, inflammatory, and neoplastic disease must be considered because most neck masses fit into one of these three categories ( Table 112-1 ). Pediatric patients generally exhibit inflammatory neck masses 
more frequently than congenital ones and developmental more than neoplastic masses; this incidence is similar to that found in younger adults. In contrast, the first consideration in older adults should always be neoplasia, with a smaller 
emphasis on inflammatory masses and even less emphasis on congenital masses.

The next consideration should be the location of the neck mass ( Figure 112-2 ). This is particularly important in the differentiation of congenital and developmental masses because they usually occur in consistent locations. The location of a 
mass is both diagnostically and prognostically significant. The spread of head and neck carcinoma is similar to inflammatory disease, generally following an orderly lymphatic spread. The appearance and location of a metastatic neck mass 
may be the key to identifying the primary tumor or source of infection ( Figure 112-3 ).

In addition to recognizing these general background considerations, the physician should evaluate each patient. Specific historic aspects and physical findings that could reduce the possible causes should be sought so that only a limited 
number of diagnostic tests are needed for differential diagnosis.

DIAGNOSIS

Physical Examination

The most important diagnostic step is the physical examination of the head and neck. Visualization and palpation are the most important components of the physical examination. These help determine the location of the mass according to 
anatomic lymphatic drainage areas or developmental areas, the size of the lesion and its relationship (fixation or displacement) to surrounding structures, the consistency of the mass, and the presence of any pulsations or thrills. Listening for 
bruits and detecting the distinct odor of wet keratin and necrotic tumor on the breath are also important.

The physician must not be distracted by the mass and neglect to perform a thorough head and neck evaluation. With the aid of a bright light source, the otolaryngologist should perform an indirect mirror or flexible endoscopic examination of 
all mucosal surfaces of the upper aerodigestive tract. These areas should also be palpated, even when no lesion can be seen—specifically the primary sites for lymphatic drainage to the location area of the mass in question (see Figure 112-
3 ). A systematic investigation of all mucosal and submucosal areas is central to diagnosing the cause of neck masses. The capability of performing this examination distinguishes the otolaryngologist as the specialist for head and neck 
disease.

Tests

Often, even the most thorough physical examination only gives the physician a general impression of the derivation of the mass—vascular, salivary, or nodal; inflammatory, congenital, or neoplastic—and not a firm diagnosis. At this point, 
various tests may be helpful ( Box 112-1 ).
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Figure 112-1 Neck mass considerations for diagnosis and neck mass occurrence by location. 



 

TABLE 112-1 -- COMMON NECK MASSES

 Neoplastic Congenital/Development Inflammatory

Metastatic Unknown primary Sebaceous cysts Lymphadenopathy

 ••Epidermoid carcinoma ••Branchial cleft cysts ••Bacterial

  ••Thyroglossal duct cysts ••Viral

 Primary head and neck Lymphangioma/hemangioma Granulomatous

 ••Epidermoid carcinoma Dermoid cysts ••Tuberculous

 Melanoma Ectopic thyroid tissue ••Cat-scratch

  Laryngocele ••Fungal

Primary Adenocarcinoma Thymic cysts ••Sarcoidosis

 Thyroid  Sialadenitis

 Lymphoma  ••Parotid



 Salivary  ••Submaxillary

 Lipoma   

 Glomus vagale   

 Carotid body tumor   

 Rhabdomyosarcoma   

 
For a patient whose mass is pulsatile or compressible or who has a bruit or thrill, angiographic or ultrasonographic tests can be ordered to differentiate degenerative vascular problems (e.g., aneurysms) from neoplastic conditions (e.g., 
glomus and carotid body tumors). Ultrasonography can also help to differentiate a solid mass from a cystic mass, or congenital branchial cysts and thyroglossal cysts from solid lymph nodes, neurogenic tumors, and ectopic 

 
Figure 112-2 Location of common lymphatic and glandular masses of head and neck. Stippled areas represent congenital masses. 

 

Figure 112-3 Lymphatic drainage of external (left) and internal (right) areas of head and neck. Arrows indicate lymphatic drainage pathways. 

 
 

Box 112-1. DIAGNOSTIC EXAMINATION AND TESTS FOR HEAD AND NECK MASSES

1.  Physical examination: Repeated; most important
2.  Radionucleotide scanning: Obtain in lesions of anterior neck compartment; helpful in thyroid lesions and in localizing a lesion to be within a salivary gland. PET scan may be helpful in differentiating tumor from postirradiation 

changes, equivocal adenopathy by CT or MRI exam, and identifying distant metastasis.
3.  Ultrasonography: To differentiate solid from cystic masses; especially useful in congenital and developmental cysts; also useful noninvasive technique for vascular lesions
4.  Arteriography: For vascular lesions and tumors fixed to the carotid artery
5.  Sialography: To diagnose diffuse sialadenopathies or to locate mass within or outside a salivary gland
6.  CT and MRI imaging: Single most informative test; differentiates cysts from solid lesions; locates mass within or outside a gland or within a nodal chain; mucosal disease enhancement; provides anatomic relationships
7.  X-ray, plain: Rarely of help in differentiating neck masses
8.  Antibiotic course: Clinical test for suspected inflammatory bacterial lymphadenopathy; must pursue workup if unresolved after course of antibiotics.
9.  Culture with sensitivities: Inflammatory tissue at open biopsy

10.  Skin tests: Used when chronic or granulomatous inflammatory lesion is suspected
11.  Needle biopsy: Gold standard in diagnosis of a neck mass; use small-gauge needle; obtain flow cytometry of lymphoid population
12.  Endoscopy and biopsy: To identify primary tumor as source of metastatic node; use in all patients suspected of having neoplasia
13.  Open biopsy: Use only after workup is complete and if diagnosis is not evident; specimen for histologic frozen section; be prepared to do simultaneous neck dissection

 
 
For a patient whose diagnosis after examination remains uncertain but who is suspected of having inflammatory adenopathy, a trial of antibiotic therapy and observation, not to exceed 2 weeks, is acceptable as a clinical test.

If the mass in question persists or increases in size after a trial course of antibiotics, additional investigational testing is necessary. Biopsy with pathologic examination is the definitive diagnostic test of preference. Open biopsy should be 
performed, however, only after the physician has performed a complete head and neck examination using direct and indirect methods and has performed an initial fine-needle aspiration (FNA) biopsy, which is the standard of care for initial 



biopsy. This is especially necessary for adults. The biopsy should generally include the following: (1) progressively enlarging nodes; (2) a single asymmetric nodal mass; (3) a persistent nodal mass without antecedent active signs of 
infection; and (4) actively infectious conditions that do not respond to conventional antibiotics and in which routine bacteriologic determinations are unsuccessful, so that a tissue sample is needed for further bacteriologic studies.

UNKNOWN NECK MASS WORKUP PROTOCOL

If the history, physical examination, and routine diagnostic tests do not lead to a definitive diagnosis, any unknown neck mass, particularly a unilateral, asymptomatic mass corresponding to the location of known lymph node groups, must be 
considered a metastatic neoplastic lesion until proven otherwise.

Fine-Needle Aspiration and Open Biopsy

An FNA biopsy is performed before endoscopy but after a thorough head and neck examination. The technique of obtaining multiple aspirations with a 25-gauge needle is recommended. Experience in collection and slide preparation is 
needed to guarantee maximal information. The onsite presence of a cytopathologist ensures the acquisition of adequate and representative tissue and enhances the yield and accuracy of FNA biopsies.[13] FNA biopsy has become standard in 
making both diagnostic and management decisions on neck masses. Microamounts of tissue obtained by FNA have been studied by flow cytometry for lymphoma diagnosis and polymerase chain reaction (PCR) to identify the Epstein-Barr 
virus (EBV) for diagnosis of primary nasopharyngeal carcinoma.[14] [60] 

FNA biopsy is also used in a patient with a known distant malignancy in whom confirmation of metastases is needed for staging and planning therapy, in a patient with a head and neck primary tumor who is not a candidate for surgery but 
for whom the physician needs to make a tissue diagnosis to initiate non-surgical therapy, and in a patient with an unknown neck mass.

FNA biopsy can usually readily differentiate a cystic lesion from inflammatory tissue. It is quite helpful in an overly anxious patient for whom the clinical index of suspicion for a neoplasm is low and the head and neck examination workup 
results are negative, and whose physician wishes to prevent an open biopsy or more extensive workup. Negative needle biopsy results may allay the patient's fear of cancer and allow the physician time to follow the mass more confidently.

FNA can be cost effective and helpful in differentiating lymphoma from carcinoma in adult patients. This distinction avoids an endoscopic examination, guided biopsy and general anesthesia for a diagnosis of lymphoma.

Occasionally, in high-risk patients who are chronic users of tobacco or alcohol and who have a solid neck mass but no obvious primary head and neck mucosal tumor, the FNA biopsy may have inconclusive or negative results. In this group, 
endoscopy and open biopsy for confirmation are still required because the index of suspicion is high.

Endoscopy and Guided Biopsy

The search for the primary lesion must include a second, thorough—direct and indirect—examination of the oral cavity, nasopharynx, hypopharynx, larynx, thyroid, salivary glands, and skin of the scalp and face (see Box 112-1 ). Chest and 
abdominal images are frequently ordered but are usually of minimal help in differentiating neck masses found in locations other than the supraclavicular region. FNA biopsy is the standard of evaluation after a complete office physical 
examination. If the nature of the mass or the source of a metastasis identified by FNA remains elusive, the aerodigestive tract should be examined endoscopically, especially in the area from which primary lymphatic drainage to the mass 
occurs (see Figure 112-3 ). An obvious lesion should be biopsied; when no lesion is seen or palpated, guided (not "blind") biopsies should be performed of the most logical areas for the silent primary tumor based on known lymphatic
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drainage.[18] These areas are usually the nasopharynx around Rosenmüller's fossa, the tonsil (in which case a tonsillectomy replaces an incisional biopsy),[52] the base of the tongue, and the pyriform sinus. The rationale for the guided biopsy 
when an obvious lesion is not present is that the primary tumor is often submucosal or arises deep in the crypts of the palatine tonsil or the folds of the lingual lymphoid tissue.

Open Excisional Biopsy

Similarly, when the FNA biopsy specimen tests positive for carcinoma and the clinical examination and endoscopy do not reveal a primary tumor site, open excisional biopsy is the next step in confirming or diagnosing the mass. When open 
excisional biopsy is performed, immediate examination by frozen section should be obtained and further therapeutic decisions made on the basis of that report (see Box 112-1 ). Specifically, if the diagnosis is squamous cell carcinoma, 
melanoma, or adenocarcinoma (unless the mass is supraclavicular), a radical neck dissection should be performed, which requires appropriate preoperative counseling and the patient's permission.

Biopsy in Younger Age Groups

In children and young adults in whom inflammatory and nonspecific reactive adenopathy is common, frequent, repeated examinations and nonsurgical management are the norm. Nodal masses that are solitary and asymmetric, located in the 
supraclavicular area, progressively increasing in size, or associated with other worrisome historical or physical findings should stimulate a consideration of surgical interventional therapy. Most nodal masses do not have these characteristics 
and can be followed clinically in patients in the younger age groups.[25] This more conservative approach to the neck mass in children is supported by the findings of Knight, Malne, and Vassy,[30] who found that diagnostic lymph node biopsy 
evaluation with culture showed a specific cause in only 41% of 234 children under the age of 16 years, but 16% were found to have malignant adenopathy. Supraclavicular adenopathy tested positive for malignancy in 60% (14 of 23) of the 
children. Because a significant number of children with a neck mass will have a malignancy, they must not all be diagnosed as having inflammatory or reactive adenopathy when they present with a neck mass.

Among those in the younger age groups, which carry a lower incidence of malignancy, needle biopsies are still often useful for sampling the mass, thereby allaying the physicians', patients', and families' fears of malignancy, temporizing any 
premature open biopsy, and allowing time for appropriate clinical follow-up examinations. Even patients with negative needle biopsy results must be followed up for other signs of neoplasia because of the difficulty in correctly interpreting 
lymphomas (the largest group of tumors in these age groups) by needle biopsy. Small quantities of nodal tissue obtained by FNA showing lymphocyte predominance should be studied by flow cytometry to aid in a diagnosis of lymphoma.[6] 
In a child, if an adequate FNA biopsy cannot be obtained in the office and anesthesia is needed for biopsy, an excisional biopsy is preferable to needle biopsy because of the larger amount of tissue and information obtained. Again, the main 
indications for biopsy should be: (1) progressively enlarging nodes; (2) a single asymmetric nodal mass; (3) a persistent nodal mass without antecedent active signs of infection; and (4) actively infectious conditions that do not respond to 
conventional antibiotics.

MANAGEMENT



Unknown Primary Lesions

Any neck mass in an adult patient must be approached as being neoplastic and possibly malignant.[7] [37] [41] In fact, it is the fear of cancer that usually brings the patient to the physician.[27] [49] 

In 1952, Martin and Romieu[36] reviewed 1300 primary tumors of the head and neck manifested by a cervical lump in 12.4% of cases. They stated, "Asymmetric enlargement of one or more cervical lymph nodes in an adult is almost always 
cancerous and usually is due to metastasis from a primary lesion in the mouth or pharynx." This principle remains sound today. The key to its validity lies in the words enlarged lymph node, asymmetric, and adults. If the physician 
remembers that primary cervical malignancy is rare and that almost all malignant cervical tumors except for lymphomas are metastatic, and if the history and physical examination are thorough, the physician should not confuse metastatic 
malignant cervical tumors with inflammatory lymphadenopathy, cysts, or benign neck tumors.

A study by Lee and Helmus[33] supports the theory that an asymmetric neck mass in the adult should be considered malignant until proven otherwise. They reviewed biopsy specimens of neck masses in 163 patients seen consecutively in a 
community hospital; of patients older than 40 years, 29.4% had carcinoma and 21.4% had lymphoma. Those figures agree closely with the 50% incidence of neoplasia reported by Slaughter, Majarakis, and Southwick [55] and Mayo and Lee.[37] 
The incidence of malignant disease in a neck mass rose to 80% in the Slaughter series when benign thyroid nodules were excluded.

A second principle regarding unknown primary lesions is that the immediate removal of an enlarged lymph node for diagnostic purposes is a disservice to
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TABLE 112-2 -- CORRELATION OF WOUND NECROSIS, LOCAL AND DISTAL RECURRENCE, TIME OF BIOPSY

 Biopsy Before Definitive Treatment Biopsy at Time of Definitive Treatment No Biopsy

Variable Examined No. of Patients (Incidence) No. of Patients (Incidence) No. of Patients (Incidence)

Wound necrosis 13/64 (20.3%) 5/46 (10.9%) 98/605 (12.9%)

Regional neck recurrence 21/64 (32.8%) 11/46 (23.9%) 116/600 (19.5%)

Distant metastasis 25/63 (39.7%) 11/46 (23.9%) 131/598 (21.9%)
 
the patient with metastatic cervical carcinoma.[2] [44] Distant metastases and late regional recurrences are more frequent in patients who have had pretreatment biopsies than in those with the same stage of disease who have not ( Table 112-2 ).[29] 
The pretreatment biopsy group also has a higher incidence of local wound complications. These findings suggest that disruption of lymphatic drainage and manipulation of a metastasis decrease the chances for clean surgical excision and 
cure. Lymphangiographic studies of the neck clearly document this disruption of the normal lymphatic drainage pattern by incisional therapy.[15] 

Gooder and Palmer[20] have similarly confirmed this increased incidence of neck recurrence and wound complications in patients having previously received biopsies. Robbins and others[53] have disputed this incidence of increased metastasis, 
complications, and recurrence. However, the series on which they base their statement is weighted toward unknown primary tumors and nasopharyngeal and tonsillar tumors of Waldeyer's ring, as well as tumors that may well have natural 
histories and responses to management different from those of other mucosal squamous cell carcinomas. Indeed, their figures for distant metastasis were notably higher for tongue and hypopharyngeal primary tumors, which had neck node 
violation. Similarly, their incidence of local neck recurrence was nearly double that of matched controls in patients having incisional biopsies.

Probably no surgical condition is detected more easily in early physical examination, yet is most often inappropriately diagnosed and initially managed, than a malignant tumor of unknown primary origin located in the neck. The attempt to 
diagnose and cure this problem should begin with a careful examination of the oral cavity, nasopharynx, hypopharynx, larynx, thyroid, salivary glands, and skin of the head and neck. Historically, 50% to 67% of patients diagnosed by nodal 
examination have had their primary tumor site identified by the initial head and neck examination. [28] [29] [35] 

In a patient who presents with a neck mass and in whom prior routine physical examination of the head and neck is negative, an independent second survey of the less visible areas of the upper digestive and respiratory tracts is the most cost-
effective diagnostic tool ( Table 112-3 ). If the results of the second examination are negative, an FNA biopsy should be performed. FNA biopsy results that are positive or equivocal for cancer, or even negative in a high-risk patient (e.g., 
tobacco or alcohol user) should stimulate further diagnostic evaluation. Direct endoscopic examination should be performed after appropriate scans are obtained.[12] The T2-weighted MRI is preferred because of its better delineation of 
submucosal disease.[58] If endoscopy provides no evidence of a primary lesion, the sites most likely to contain an occult tumor should be biopsied. A 16% incidence of identification of the primary site with endoscopy has been reported. [29] 

The location of the lymph nodes involved should guide the surgeon to the appropriate sites for biopsy ( Figure 112-3 ). Enlarged nodes high in the neck or in the posterior triangle suggest a nasopharyngeal lesion, whereas enlarged 
jugulodigastric nodes point to the tonsils, the base of the tongue, and the supraglottic larynx. The ipsilateral tonsil should be removed and examined for upper jugular adenopathy.[52] When the enlarged nodes are in the supraclavicular area or 
the lower third of the neck, the surgeon must consider the whole length of the digestive tract, the tracheobronchial tree, the breast, the genitourinary tract, and the thyroid gland as potential sites of the lesion. When the mass is located in the 
supraclavicular triangle, only a thorough physical examination and radiographic imaging are recommended to screen those areas before proceeding to biopsy if the workup findings are negative.

If the workup for an enlarged neck node is thorough and the site of the primary lesion is still not apparent, an open excisional biopsy of the cervical node should be performed. The patient should know that a complete neck dissection may be 
necessary. The biopsy should
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TABLE 112-3 -- WORKUP OF HEAD AND NECK ASYMMETRIC, UNILATERAL "NODAL" MASS

1. Complete repeated physical examination of: Oral cavity



 Nasopharynx

 Hypopharynx

 Larynx

 Thyroid

 Salivary glands

 Skin of head and neck

2. Needle biopsy  

3. Imaging Chest

 Upper aerodigestive tract/neck after FNA, if positive

4. Panendoscopy with guided biopsy based on location of nodal mass Nasopharynx

 Base of tongue

 Tonsillectomy

5. Open biopsy of cervical mass with: Frozen section diagnosis if no primary found

 Epidermoid carcinomas, melanoma, upper neck adenocarcinoma: simultaneous neck dissection

 Lymphoma: close and stage before radiation therapy, chemotherapy, or both

 Adenocarcinoma: close; pursue primary lesion if supraclavicular

 Granuloma or inflammation: culture and close
 
be done through an incision along a line acceptable for a radical neck dissection and only if the surgeon is prepared and capable of doing this dissection when the frozen section indicates this course. Other findings dictate the course outlined 
previously ( Table 112-3 ). When adenocarcinoma is found, most patients (86%) have other distal metastases as well, and the cure rate is not affected by treatment of the neck. The exception may be an adenocarcinomatous node found above 
the level of the cricoid.[32] Approximately 5% of all cancer patients whose diagnoses start out as an unknown lesion and who undergo this diagnostic workup require an open biopsy.

For a patient with an unknown primary metastatic squamous cell carcinoma, postoperative irradiation of the nasopharynx, ipsilateral tonsil, base of the tongue, and contralateral side of the neck is frequently advocated after radical neck 
dissection.

This practice of prophylactic irradiation is still controversial. * Arguments against prophylactic irradiation include: 

1.  A percentage of unknown primary lesions are from infraclavicular sites or are metastases of a previously excised skin lesion that cannot be proved or assumed to be the source of malignancy. These lesions would not benefit from such 
irradiation.

2.  Prophylactic irradiation therapy can compromise management of mucosal carcinoma appearing later.
3.  Prophylactic irradiation can induce later mucosal carcinoma.
4.  Such therapy can also cause major prolonged morbidity in the form of xerostomia, dysphagia, and dental caries.
5.  Cure rates have been reported to be higher with surgery to the neck alone than with wide-field irradiation therapy alone. These factors should be weighed against the increase in cure rates reported from postoperative irradiation, and the 

reports and results are varied.[34] [61] [62] 

If the head and neck area, including Waldeyer's ring, is managed with radiotherapy, the incidence of late-appearing primary disease is reported to be as high as 30%, but the consensus is that the incidence decreases to roughly one-half that 
(12%) without radiotherapy.[23] [26] Jesse, Perez, and Fletcher[28] reported this figure with adjuvant radiotherapy to be as low as 5.7%. Nordstrom, Tewfik, and Latourette [50] and Weir and others[62] reported it to be only 2%.

The best candidates for postoperative irradiation to control recurrence in the neck are patients whose nodal mass is staged N1 with nodal capsular penetration, N2 , or N3 . Controversy exists over how to manage patients with N1 disease not 
extending through the nodal capsule. There are advocates for surgery to the

*References [18] [22] [36] [44] [52] [54] [58] . 
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neck only, for local nodal excision plus irradiation, and for complete neck dissection plus radiotherapy.

Clinicians not supporting postoperative irradiation rely on careful follow-up examination and management of the primary lesion when it is found. This approach requires a compliant and easily examined patient.

Regardless of whether postoperative irradiation therapy is used, patients with malignant metastatic cervical nodes and unknown primary lesions must be reexamined frequently. Only careful, periodic follow-up examinations can ensure early 
detection and management of the primary malignancy.

In the past, the most common site of a silent primary lesion was the nasopharynx because it was the most difficult area to examine. PCR used to detect EBV in metastatic nodal carcinoma is now being used to help identify primary 
nasopharyngeal carcinoma.[14] [60] Today, with flexible endoscopic instruments in the office, MRI, and PET scans, the most common locations of these small, silent tumors are in the tonsils and the base of the tongue.[11] 



The use of PET scanning to detect unknown primary tumors remains unsettled. For head and neck tumor teams of experienced surgeons and radiologists, these have not proven significantly additive to clinical examination, CT/MRI imaging, 
and endoscopic biopsy.[22] 

Known Primary Lesions

The neck mass in a patient with a known primary neoplasm of the head and neck should be managed according to the principles described for each primary site. In general, when clinically positive cervical lymph node metastases are present, 
a complete cervical lymphadenectomy should be done along with removal of the primary tumor. When the primary lesion is not in the head or neck, excisional biopsy of the metastatic cervical mass for confirmation and staging is indicated, 
with further management dictated by the primary lesion. However, care must be taken to follow the suggestions for an unknown primary lesion to be certain that the mass in question is not a manifestation of a second, independent primary 
lesion of the head or neck. This is also true for a patient with a known primary head and neck tumor and neck mass. The rate of occurrence for a second, synchronous primary lesion is significant in patients who have a head or neck 
neoplasm. A 6% incidence of silent synchronous tumors is found only by prospective panendoscopic examinations.[40] 

Knowledge of a second lesion might affect management decisions and allow better prognostic counseling to the patient. Correlations of concomitant tumor sites include larynx-lung, tonsil-esophagus, and oral cavity-oral cavity.

Primary Tumors

Thyroid neoplasms, both benign and malignant, are a leading cause of anterior-compartment neck masses in all age groups and, along with lymph node malignancies, are the most common neoplastic lesions in the pediatric and young adult 
age groups. In the pediatric group, thyroid neoplasms frequently show a male predominance as well as an increased incidence of malignant disease. In contrast, the young adult and older groups show a greater incidence of benign conditions 
and a female predominance.

Lymph node metastasis is the initial symptom in about 15% of cases of papillary carcinoma; up to 40% of patients with malignant thyroid nodules have neck nodes that test clinically positive, and up to 90% have neck nodes that prove to be 
histologically positive when they are operated on.[39] Ultrasound, thyroid scans, and thyroid function tests can be considered for patients having an anterior compartment neck mass. Thyroid mass lesions found to be cystic by ultrasound should 
be aspirated. Solid lesions should be managed according to their activity on nuclear scan. Functioning nodules should be managed by suppression, and all nonfunctioning cold nodules should be explored with appropriate concomitant 
therapeutic measures being taken on the basis of histology and extent of disease. When scans are obtained, 20% to 25% of solitary cold nodules will prove to be cystic, and 20% to 25% will prove to be cancerous.[20] Initial FNA of all thyroid 
mass lesions, skipping both the nuclear scan and the sonogram, has become the standard of care because it yields a more rapid, economical, and definitive answer as to the nature of the mass. This approach requires the services of an expert 
cytopathologist.

Lymphomas, Hodgkin's disease, and lymphosarcomas occur in persons in all age groups but are more likely to occur and form a greater percentage of all neoplasms among those in the pediatric and young adult age groups.[17] These lesions 
alone account for up to 55% of all pediatric cancers. Among children with lymphosarcoma or Hodgkin's disease, as many as 40% and 80%, respectively, have at least one neck mass.

Except for progressive enlargement of lymph node tissue, local head and neck symptoms are usually absent, but systemic and other organ system findings should be sought. Lymphomas are usually discrete, rubbery, and nontender.

Specimens from a suspicious-appearing mass (single, dominant, supraclavicular, asymmetric) can initially be biopsied by FNA and studied by flow cytometry if the child is cooperative. When the child will not allow an FNA biopsy in the 
office or the FNA and flow cytometry results are equivocal or negative but suspicion for large cell lymphoma (which may often be negative on FNA) exists, the next diagnostic step should be open biopsy
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for complete histocytopathologic examination, followed by appropriate staging procedures. [6] The immediate biopsy in these younger patients following complete physical examination is permissible because of the rarity of mucosal primary 
carcinoma in these age groups. If routine physical examination or laryngopharyngoscopy yields an abnormality of Waldeyer's ring, biopsy of that abnormality is necessary for staging at the time of the neck node biopsy.[10] [56] Extranodal 
lymphomas can be associated with gastrointestinal or central nervous system involvement and require appropriate evaluation.

Salivary neoplasms must be considered whenever an enlarging solid mass lies in front of and below the ear, at the angle of the mandible, or in the submandibular triangle. Benign salivary lesions are usually asymptomatic. Pain, rapid growth, 
cranial nerve (CN) VII symptoms, or skin fixation suggest malignancy. Diagnostic radiographic studies (e.g., sialography, nuclear scans, CT scans) indicate whether the mass is salivary in origin, but they are no better than physical 
examinations in differentiating benign from malignant lesions. [45] The diagnostic test of preference is open biopsy in the form of complete submandibular gland removal or superficial parotidectomy.

In the case of the unknown primary tumor, for which the principle is: "The surgeon planning to do a node biopsy must be prepared to perform an immediate neck dissection," the surgeon approaching masses in and around the ear should be 
prepared to perform a total parotidectomy and facial nerve dissection. Any approach less complete will lower the patient's chance for a complete cure because there is a high risk of implantation and seeding of benign mixed tumors, which 
make up two-thirds of all salivary tumors.

Carotid body tumors and glomus tumors classically occur in the upper anterior triangle around the carotid bifurcation and are pulsatile, compressible masses that rapidly refill on the release of pressure. Carotid body tissue can be moved from 
side to side but not up or down. Both a bruit and a thrill are present, and with glomus vagale tumors, the ipsilateral tonsil may pulsate and be deviated toward the midline. The diagnosis is made angiographically. Small tumors in young 
patients should be resected.[42] In elderly patients or for extensive tumors in patients who are at high risk for functional disability from cranial nerve damage by resection, management by irradiation to arrest the growth with a good long-term 
outcome is permissible.[4] [31] The use of arterial embolization for larger lesions aids in tumor clearance in a more expedited fashion with less blood loss. [48] 

Schwannomas or neurilemomas are solid, neurogenic tumors that occur most commonly in the parapharyngeal space and will usually cause medial tonsillar displacement. They have no diagnostic characteristics, although their origin from the 
vagus nerve can cause hoarseness, and their origin from the sympathetic chain may be associated with Horner's syndrome. Routine evaluation for an unknown primary tumor is indicated before surgical exploration and excision are done.

Lipomas are ill-defined soft masses that occur in various neck locations most commonly in patients older than 35 years. These tumors are asymptomatic and have no specific diagnostic characteristics. On a CT scan, a lipoma appears as a fat-
air density.

Congenital and Developmental Disorders



Branchial cleft cysts most commonly occur in late childhood or early adulthood.[38] They frequently follow an upper respiratory tract infection, and often appear initially as an inflammatory mass with pain, swelling, tenderness, and fever. 
After management with appropriate antibiotics these cysts may resolve, but more frequently they persist as soft, doughy, variably sized masses occurring in characteristic locations in the anterior triangle of the neck. The second branchial 
cleft cyst occurs deep to and along the anterior edge of the sternocleidomastoid muscle, sometimes having a remnant tract that courses between the carotid branches anterior to CN IX and CN XII to enter the oropharynx. The less common 
first branchial cleft cyst occurs along the inferior mandible, at the angle of the mandible, or just below the ear lobule. A remnant tract can be found going to the external auditory canal. Ultrasonic scans can be helpful in identifying the lesions 
as cystic rather than solid. Aspiration of the contents yields a milky, mucoid, or brownish fluid, which often contains cholesterol crystals.

Management involves initial control of local infection followed by surgical excision of the cyst and its entire tract. For first branchial cleft cysts, this means having the skill to perform a total parotidectomy with facial nerve dissection and 
preservation. Due to its proximity to CN XI, resection of a second branchial cleft cyst also should be done without administering muscle relaxants to the patient. Proper identification of the nerve during the surgical resection is important.

Thyroglossal duct cysts are anterior neck, midline structures that, like branchial cleft cysts, often appear after an upper respiratory tract infection. Once the acute infection has been controlled through the use of antibiotics, ultrasonography 
can be used to differentiate the persistent mass from a lymph node, a dermoid cyst, or thyroid tissue. A pathognomonic sign is vertical motion of the mass with swallowing and tongue protrusion. In the past, radionuclide scanning was
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advocated in the workup of thyroglossal duct cysts. Due to its low yield, however, it is no longer performed routinely, being reserved for cysts in the tongue base, which must be differentiated from undescended lingual thyroid tissue. The 
cyst tract should be completely removed, along with the midportion of the hyoid bone, as described by Sistrunk.[54] All thyroglossal cysts and tracts should be examined histologically for the rare instance of concomitant neoplastic disease, 
especially when the patient has received prior neck irradiation.[43] 

Lymphangiomas usually occur in the pediatric population; most are present at birth, and over 90% are evident within the first year of life. Lymphangiomas in the neck most commonly appear in the posterior triangle. The cervical 
lymphangioma is a fluctuant, diffuse, soft, spongy mass, often having indiscrete margins. It is believed to arise from incomplete development and obstruction of the normal lymphatic system. Its extent is often much greater than is apparent. 
Transillumination is diagnostic, along with the physical appearance and the characteristics on palpation.

The lesion should be excised if it is easily accessible or is affecting vital functions. It should not be removed if its removal would require a mutilating procedure for limited benefits. Sclerotherapy represents an option in extensive lesions with 
a high risk of recurrence or complications especially for large cavity lesions.[21] 

Hemangiomas, like lymphangiomas, are usually considered congenital because they are either present at birth or they appear within the first year of life. Their bluish-purple coloration, increased warmth, compressibility followed by refilling, 
bruit, and thrill help distinguish them from other head and neck masses. Traditional management of lymphangiomas has consisted of observation only unless rapid growth, thrombocytopenia, or involvement of vital structures occurs. Most of 
these congenital lesions, however, resolve spontaneously. Increasingly, interventional management with lasers is being advocated. Newer pulse-dye lasers are superior and are being accepted as appropriate management in speeding resolution 
and improving the curative outcome over that with argon and neodymium:yttrium-aluminum-garnet (Nd:YAG) lasers.[47] Local resection of some lesions is also advocated for better end-result cosmesis.

Dermoid cysts occur most commonly in pediatric patients and young adults in the same cervical areas as branchial and thyroglossal duct cysts. Dermoid cysts slowly enlarge because of accumulation of their sebaceous content, but unlike 
epidermal or sebaceous cysts they lie deep to the cervical fascia and the skin moves freely over them. No specific diagnostic tests exist. These cysts are cured by simple complete excision.

Inflammation

Lymphadenitis occurs in nearly every person at some point in life, especially during the first decade of life.[25] Lymphadenopathy, caused by bacterial or viral infections of the upper respiratory tract, is so common that it is an expected sign. 
The source of the reactive lymphadenopathy is usually identified easily by reviewing the source of drainage to the nodal area in question ( Figure 112-3 ) and by using specific culture and sensitivity tests to determine the preferred antibiotic 
treatment. A physician waiting for test results should administer an antibiotic that covers a broad spectrum of head and neck pathogenic organisms.

Granulomatous inflammatory disease affects specific age groups and locations; the physician should remember this when evaluating a patient with a neck mass ( Table 112-4 ). Excisional biopsy in these lesions is usually diagnostic and 
curative. Incisional biopsy should be avoided due to the sequelae of a chronic draining fistual from the residual neck infection.[1] 

Acquired Immunodeficiency Syndrome

Cervical lymph node hyperplasia is ubiquitous in human immunodeficiency virus (HIV)-positive patients, and nodal masses in these patients infrequently need to be considered for biopsy. The physician should perform a biopsy only if there 
is a single rapidly enlarging node, a newly tender node, a node that has enlarged concomitant with a change in systemic systems, or a single enlarged (>3 cm) node in a chain of nodes.[5] When node biopsy is indicated in an HIV-positive 
patient, it is preferably done by FNA. Tender enlarging nodes should make one suspicious of tuberculous or Nocardia species infections, whereas nontender enlarging head and neck nodes often indicate Kaposi's sarcoma or Burkitt's 
lymphoma.

 
TABLE 112-4 -- GRANULOMATOUS ADENOPATHY

Disease Age Group Location

Cat-scratch disease Pediatric Preauricular and submandibular

Actinomycosis Adult Submandibular and upper jugular

Tuberculosis Adult Posterior triangle

Atypical tuberculosis Pediatric Anterior triangle
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Trauma

Sequelae of trauma occasionally present as a neck mass. In pediatric patients, neck trauma, especially when related to forceps delivery, can result in a mass in the anterior neck within the sternocleidomastoid muscle. This hematoma, with 
organization, can easily be confused with a desmoid or sarcoma and should not be overtreated. Heat, massage, and observation are often associated with resolution. Continued growth or increasing torticollis indicate surgical exploration.[57] 

Pseudoaneurysms of major vessels are occasionally associated with blunt neck trauma. These are pulsatile masses that may have systemic emboli or neurologic sequelae. Ultrasound or infused MRI or magnetic resonance angiography can be 
diagnostic, obviating the need for an angiogram.

Neuromas are small neck masses that are found after surgery, especially radical neck dissections. They occur from sensory nerve endings that are found most commonly in the posterior triangle. The great auricular nerve (C2-3) is the most 
common nerve of origin. Neuromas are tender, associated with sharp shooting pains on palpation, and are quite slow in growth. Systomatology or consideration of recurrent cancer dictates their excision.

SUMMARY

Many head and neck disease processes manifest themselves as neck masses. These conditions are managed by surgical excision except for some inflammatory masses, and these often must be excised for diagnostic reasons.

The real question is when to excise the lesion to expedite management in a cost-effective manner. In general, when signs of inflammation are associated with the mass, antibiotic management with observation for up to 2 weeks is acceptable. 
Persistence of the mass beyond that time or an increase in mass size during that time suggests that surgical intervention should be considered. The timing of intervention may be tempered by the age group. A more prolonged period of 
observation (monitoring for growth or the development of other associated symptoms of malignancy) is appropriate in children because of their low incidence of malignant tumors.

In children, if a biopsy of the mass is deemed appropriate because of progressive growth, the isolated nature or asymmetry of the mass, the location (supraclavicular), the development of symptoms associated with lymphoma (fever and 
hypertrophy of the spleen, liver, or Waldeyer's ring), or the static size (if >3 cm), excisional biopsy alone (without further workup) is performed. This excisional biopsy in younger patients can be carried out once a complete examination of 
the head and neck and special tests yield no further information. This procedure is acceptable because of the rarity of mucosal carcinoma (and its lymphatic spread with worsening of prognosis by biopsy) in children. Other mass lesions in 
this age group do not appear to have their prognoses adversely affected by biopsy, but thyroid neoplasia, regardless of the patient's age, should be managed definitively (based on the frozen section diagnosis) at the time of biopsy.

In adult patients beyond the fourth decade of life, complete, repeated head and neck physical examination is mandatory. After examination, needle biopsy of the mass is the current standard of care if no cause has been found for the mass. 
Benign cystic lesions or lymphomas indicate the need for excision, either as definitive management or for diagnostic purposes. If the needle biopsy results are positive for carcinoma, equivocal, or even negative in the presence of a high index 
of suspicion for metastatic squamous cell carcinoma, an endoscopic examination is mandatory before open excision biopsy of the mass and excisional removal of the mass with frozen section examination are performed. If no discrete lesion 
is seen, guided biopsy of the upper aerodigestive tract is performed before open excisional biopsy. If, on excision, the mass proves to be metastatic carcinoma, a concomitant neck dissection should be performed.
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Chapter 113 - PRIMARY NEOPLASMS OF THE NECK

Terry A. Day 
John K. Joe 

INTRODUCTION

Primary neoplasms of the neck include those tumors that arise from, rather than metastasize to, lymphovascular structures of the neck, as well as those tumors originating from the soft tissues of the neck. These neoplasms may be either 
benign or malignant and, although they are less commonly the cause for a lump of the neck, one should always consider these tumors in the differential diagnosis of a neck mass. The following chapter will be divided into benign and 
malignant sections and provide the reader with a comprehensive review of neoplasms that may originate in the neck.

DIAGNOSTIC EVALUATION



The diagnosis of neoplasms of the neck involves the standard practice of the complete history and physical examination. Importantly, the patient should be questioned regarding prior neoplasms, family history, systemic signs, and symptoms 
in addition to the risk factor of prior radiation therapy to the head and neck region. The comprehensive head and neck examination should include the ear and temporal bone, sinonasal cavity, nasopharynx, oropharynx, hypopharynx, and 
larynx in addition to the full cranial nerve examination. If the neck mass in not pulsatile or vascular in nature, a fine-needle aspiration should be performed. Only when the fine-needle aspiration is nondiagnostic or inadequate should 
excisional biopsy be performed, and at that time, the surgeon should be prepare to proceed with appropriate neck dissection with margin analysis if necessary.

Radiologic Studies

Both computed tomography (CT) scan and magnetic resonance imaging (MRI) may be useful in the evaluation of soft tissue tumors of the head and neck region with particular advantages of each technique varying by type of tumor, location, 
regional disease, and proximity to vital structures. Although radiographic findings may provide clues to the diagnosis within the broad differential, accurate diagnosis cannot be confirmed without histologic evaluation. CT scanning is 
particularly useful in evaluating bone detail in addition to calcification within tumor. In addition, CT-directed biopsy of tumors that are difficult to access, such as the parapharyngeal space, may provide diagnostic tissue. MRI has surpassed 
CT in evaluating soft tissue extent and relationships in the head and neck region. It is generally recommended in the majority of soft tissue tumors or tumors adjacent to vital structures of this region. Positron emission tomograph (PET) 
scanning to evaluate primary tumors and metastatic disease has been described, but further studies will be necessary to determine the overall indications for its use in head and neck malignancies.[45] [57] [94] [170] 

BENIGN NEOPLASMS OF THE NECK

Benign neoplasms of the neck are often misdiagnosed as infectious in etiology (e.g., lymphadenitis) or congenital (e.g., branchial cleft cyst) on initial examination. Thus, the diagnosis of all neck masses requires a vigilant approach using the 
history, physical examination, radiologic studies, and fine-needle aspiration biopsy. Because these tumors are uncommon, a review of the diagnostic approach is vital to the clinician's evaluation and management of each case. Benign primary 
neoplasms of the neck include vascular tumors, such as paragangliomas; peripheral nerve neoplasms, such as schwannomas or neurofibromas; and lipomas. The following discussion of these benign neoplasms will be categorized by tissue of 
origin.

Vascular Neoplasms

Paragangliomas compose the most common class of benign vascular neoplasm of the neck. Paragangliomas
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arise from extraadrenal paraganglionic cells derived from the neural crest.

Pathology

The paraganglionic system denotes a collection of neuroectoderm-derived chromaffin cells in extraadrenal sites. The system is vital as a source of catecholamines in fetal development, until the formation of the adrenal medulla.

Normal paraganglia contain two types of cells: type I, chief cells or granular cells; and type II, the supporting or sustentacular cells. Type I cells contain densecore granules filled with catecholamines, a property that places them in the amine 
precursor and uptake decarboxylase (APUD) system. Type II, or sustenacular cells, are elongated cells that closely resemble Schwann cells. Their function is not entirely clear.

Tumors of paraganglia, such as carotid body tumors, contain both type I and II cells. Type I cells predominate and are arranged in an organized-nested pattern, known as Zellballen, surrounded by sustentacular cells in a fibrous stoma. These 
nests of Zellballen are illustrated in Figure 113-1 . Type I chief cells tend to be polygonal shaped with abundant granular eosinophilic cytoplasm. They are peripherally surrounded by type II sustentacular cells, which are difficult to identify 
by light microscopy and appear as spindle-shaped basophilic cells. Nuclear pleomorphism and cellular hyperchromatism are common in paragangliomas and should not be considered evidence of malignancy.

Immunohistochemistry aids the diagnosis and differential diagnosis of this neoplasm. Type I cells stain positively with neuron-specific enolase, chromogranin 

 
Figure 113-1 Low-power photomicrograph of a paraganglioma demonstrating nests of Zellballen within a fibrous stroma (hematoxylin and eosin stain). 

 

Figure 113-2 Axial MRI (T2-weighted) of left carotid paraganglioma resulting in splaying of the internal and external carotid arteries. Note the characteristic salt-and-pepper appearance, with areas of hemorrhage (salt) and flow voids 
(pepper). 



 

Figure 113-3 Coronal MR angiography of left carotid paraganglioma. 

 

Figure 113-4 Coronal MR angiography (close-up) of carotid paraganglioma demonstrating the characteristic "lyre" sign from splaying of the internal and external carotid arteries. 

 

TABLE 113-1 -- FISCH CLASSIFICATION OF GLOMUS TUMORS OF THE TEMPORAL REGION

Type A — Tumors limited to the middle ear cleft

Type B — Tumors limited to the tympanomastoid area with no infralabyrinthine compartment involvement



Type C — Tumors involving the infralablyrinthine compartment of the temporal bone and extending to the petrous apex

Type D1 — Tumors with an intracranial extension less than 2 cm in diameter

Type D2 — Tumors with an intracranial extension larger than 2 cm in diameter
 
 

TABLE 113-2 -- GLASSCOCK-JACKSON CLASSIFICATION OF GLOMUS TUMORS

Glomus Tympanicum Glomus Jugulare

Type I — Small mass limited to the promontory Type I — Small tumor involving the jugular bulb, middle ear, and mastoid

Type II — Tumor completely filling the middle ear Type II — Tumor extending under the internal auditory canal; may have intracranial extension

Type III — Tumor filling the middle ear and extending into the mastoid Type III — Tumor extending into the petrous apex; may have intracranial extension

Type IV — Tumor filling the middle ear, extending into the mastoid or through the tympanic membrane to fill the 
external auditory canal; may extend anterior to the internal carotid artery

Type IV — Tumor extending beyond the petrous apex into the clivus or infratemporal fossa; may have intracranial 
extension
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Schwannomas

Schwannomas, also called neurilemmomas, are typically well-encapsulated, slowly growing tumors that arise from Schwann cells of peripheral nerves. These tumors are typically solitary, but may be multiple, and as many as one half occur 
in the head and neck region.[35] Schwannomas may arise from cranial nerves, such as VIII (i.e., acoustic neuromas) or X; the sympathetic chain; cervical nerve roots; or the brachial plexus.

Clinically, schwannomas of the lateral neck may present as a painless neck mass. The clinical presentation of acoustic neuromas is covered elsewhere in this text. Radiologically, schwannomas typically present as well-circumscribed masses 
that enhance on contrast. Histologically, schwannomas demonstrate a characteristic cellular pattern of alternating regions containing compact spindle cells called Antoni type A areas, and more loosely arranged, hypocellular zones called 
Antoni type B areas. Rows of nuclear palisading may be observed, and such arrangements are referred to as Verocay bodies. The treatment of choice of schwannomas of the neck typically involves surgical resection. Malignant 
transformation of schwannomas is rare.

Neurofibromas

Neuofibromas are benign nerve sheath tumors that may present either as a solitary neck mass or as multiple tumor nodules in association with the autosomal dominant disorder von Recklinghausen's disease. In contrast to schwannomas, 
neurofibromas are unencapsulated and histologically demonstrate an interlacing bundle of spindle cells. Like schwannomas, solitary neurofibromas undergo malignant transformation uncommonly and are best treated by complete surgical 
resection. Neurofibromatosis associated with von Recklinghausen's disease is more difficult to treat, in light of the multiple number of infiltrative tumors that are not well defined. Surgery for neurofibromatosis is typically reserved for those 
lesions that are painful, those that may cause compressive symptoms from their large size, or lesions that are malignant. Malignant transformation of neurofibromatosis occurs more commonly than solitary neurofibromas.

Lipomas

Lipomas are benign tumors derived from adipose tissue. They are the most common soft tissue tumor of the neck and typically present as a soft, painless neck mass. Their histologic appearance is consistent with a lobular pattern of mature 
adipocytes. Lipomas are best treated by complete surgical resection for compressive or aesthetic reasons. The case can be made for observation of asymptomatic, small lipomas.

MALIGNANT PRIMARY NEOPLASMS OF THE NECK

Primary neoplasms of the neck are rare entities. Few studies have elucidated the true incidence of primary neoplasms of the neck because they are often described in case reports or small series or not reported at all. Thus, our knowledge and 
data are based on these limited publications and reports on non-head-and-neck-related soft tissue tumors. In the larger series of reports of these tumors of the entire head and neck region, only approximately four to 20 cases are listed per year.
[54] [82] The following discussion will provide the reader with an overview of the differential diagnosis, evaluation, and management of malignant tumors of the neck.

As malignant primary neoplasms of the neck are rare, it is imperative that consideration be given to the most common neoplasms that are often misdiagnosed before definite biopsy and treatment. Thus, before addressing the "primary" 
tumors in this region, a brief discussion will include the unknown primary, metastatic lesions from the region and distant sites to provide the physician with the necessary foundation from which he or she can then address primary 
malignancies of this complicated area.

Metastatic Lesions to the Neck

Unknown Primary

The unknown primary metastatic lesion is considered a squamous cell carcinoma identified in the lymphatic structures of the neck that has not originated from a known primary site. This tumor is usually identified by a mass in the neck and 
is expected to be diagnosed by a fine-needle aspiration biopsy. Typically, this diagnosis reminds the physician to repeat a more thorough head and neck examination to include the entire upper aerodigestive tract, the most common site of 
these primary lesions.[145] When a patient undergoes excisional biopsy of a cervical lymph node, frozen-section analysis revealing squamous cell carcinoma should lead the surgeon to consider simultaneous neck dissection. There is evidence 
that survival is lower in patients that have radiation after an excisional biopsy than in those radiated after neck dissection.[144] 

The location of the neck mass signals a clue regarding the primary site due to the well-known lymphatic drainage routes in the head and neck region and the updated classification system of neck lymph node levels (see Figure 113-4 ). When 
the mass presents in the supraclavicular region, esophageal and pulmonary primary sites should be considered in addition to abdominal and pelvic locations.[40] 



Usually, the primary site is identified during this examination or during operative endoscopy, at which time biopsies confirm the location and histology of the
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primary site. When the primary site cannot be identified, imaging techniques including CT, MRI, PET scanning, or a combination of these have been used with varying degrees of success.[36] [66] [86] 

The treatment of unknown primary cancers of the neck remains controversial but consideration should be given to neck dissection and radiation therapy to bilateral necks and the mucosa of the aerodigestive tract. This is discussed in more 
detail in other chapters and sections of this text.

Regional

Aside from the unknown primary metastatic lesion and the far more common squamous cell carcinomas of the aerodigestive tract, it is important to not overlook the possibility of metastatic disease from other sites in the head and neck 
region. Common primary sites of metastatic disease include the skin of the ear, face, scalp, and neck that often can present with an enlarged lymph node in the parotid, cheek, submandibular, or cervical region. The major and minor salivary 
glands may present with a primary neoplasm that initially appears to be a metastatic lesion to the neck manifesting as a level 1 or 2 neck mass. The surprising diagnosis of adenocarcinoma can lead one to an exhausting search for a primary 
site in the lower digestive tract only to surmise eventually that this is a primary salivary gland tumor. Another common primary site that may be diagnosed first as a primary neck neoplasm is the thyroid gland, which not uncommonly 
initially presents as a neck mass.[29] 

Distant

Any neck mass determined to be malignant should also be considered as originating at a distant site. Although hundreds of neoplasms have been described to metastasize to the neck, the more common distant sites include pulmonary, 
esophageal, renal, ovarian, cervical, and prostatic regions.[14] 

Primary Malignant Tumors of the Neck

The following discussion will include those rare malignancies that arise in the neck region without known primary sites and are considered to be isolated primary malignancies. The following neoplasms are not all inclusive but include those 
that most practitioners should consider in the differential diagnosis of a malignant mass in this region.

Malignant Paragangliomas

Obviously, any neck mass should be palpated and auscultated if necessary to ensure that it is not attached to or arising from a vascular structure. Most paragangliomas do not require tissue for accurate diagnosis, as described in the earlier 
section. The potential for malignancy of paraganglioma correlates with the site of origin, 2% to 19% of these neoplasms have been reported to be malignant, with glomus jugulare tumors at the low end and vagal tumors at the high end of 
these percentages. Approximately 6% of carotid body tumors are malignant, although histologic analysis is considered insufficient to determine malignancy.[102] Rather, this is a diagnosis that is predicated on tumor behavior such as lymph 
node or distant metastases.[118] [129] [137] 

Parapharyngeal Space Neoplasms

Numerous histologic types of primary malignancies of the parapharyngeal space have been reported, including malignant salivary gland tumors (adenoid cystic carcinoma, caricinoma ex-pleomorphic adenoma, acinic cell carcinoma), 
malignant neurogenic tumors, lymphoma, liposarcoma, fibrosarcoma, malignant meningioma, and others.[25] [76] [129] [133] [137] 

Sarcomas.

The neck and parotid have been described as the most common head and neck site involved by sarcomas, although they represent fewer than 1% of all head and neck malignancies.[180] In the United States, fewer than 5000 cases are reported 
annually, with approximately 80% diagnosed in adults. Of these, only 15% to 20% are identified in the head and neck region, with soft tissues of the neck and paranasal sinus region the most common sites identified. Although the etiology 
has not been determined, these neoplasms arise from mesenchymal cells, which may include endothelial cells, muscle, cartilage, and supporting connective tissue. More than 80% of sarcomas are derived from soft tissue, whereas 
approximately 20% arise within bone.

When all anatomic sites are considered, the most common histologic type is malignant fibrous histiocytoma (MFH). In the head and neck, the most common sarcoma in children is rhabdomyosarcoma (RMS); in adults, osteosarcoma, 
angiosarcoma, MFH, and fibrosarcoma are most common.

RMS is the most common sarcoma in children and is also the most common sarcoma of the head and neck region. Overall, however, MFH is considered the most common type of sarcoma.

Classification and staging.

Sarcomas have generally been classified and named according to the tissue of origin rather than "site" of origin. Many "soft tissue" sarcomas such as MFH can be diagnosed within bone, but the diagnosis depends on the histologic material 
for confirmation. The staging system is now separated by bone and soft tissue sites for origin of the sarcoma. The listing of types of soft tissue sarcomas is provided in Table 113-3A , and the AJCC staging is shown in Table 113-3B for the 
soft tissue histologies.
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The listing of bone histologies and AJCC staging can be found in Tables 113-4A and 113-4B .



The American Joint Commission for Cancer (AJCC) staging system for soft tissue sarcoma is shown in Table 113-3 , although other staging systems have been described particularly for some of the various types of tumors. In addition, 
fibrosarcoma grade I (fibromatosis or desmoid tumor) and dermatofibrosarcoma are not listed under sarcoma staging. Other changes effective in 2003 included the addition of subdivisions of tumor (T) category into superficial (Ta ) and deep 
(Tb ) lesions. In general, the tumor should be described pathologically by grade as G1 –G4 with tumor size as smaller than 5 cm (T1 ) or larger than 5 cm (T2 ). The types of soft tissue sarcomas included in the AJCC staging system include 
those listed in Table 113-4 .

The AJCC staging system for bone sarcoma is shown in Table 113-5 , although other staging systems  

TABLE 113-3 -- AMERICAN JOINT COMMITTEE ON CANCER (AJCC) STAGING SYSTEM FOR SOFT TISSUE SARCOMAS (2003)

Stage Definition

Primary tumor  

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor <5 cm in greatest dimension (T1a , superficial; T1b , deep)

T2 Tumor >5 cm in greatest dimension (T2a , superficial; T2b , deep)

Regional lymph nodes  

Nx Lymph nodes cannot be assessed

N0 No regional lymph nodes metastasis

N1 * Regional lymph nodes metastasis

Distant metastases  

Mx Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present

Histopathologic grade  

Gx Grade cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Poorly differentiated or undifferentiated

Combined  

IA — G1–2 , T1a–b , N0 , M0 Low-grade, small, and superficial or deep tumor

IB — G1–2 , T2a , N0 , M0 Low-grade, large, and superficial tumor

IIA — G1–2 , T2b , N0 , M0 Low-grade, large, and deep tumor

IIB — G3–4 , T1a–b , N0 , M0 High-grade, small, and superficial or deep tumor

IIC — G3–4 , T2a , N0 , M0 High-grade, large, and superficial tumor

III — G3–4 , T2b , N0 , M0 High-grade, large, and deep tumor

IV — any G, any T, N1 , M0 Any metastasis

 
 

TABLE 113-4 -- ALVEOLAR SOFT PART SARCOMA

Angiosarcoma

Epithelioid sarcoma

Extraskeletal chondrosarcoma

Extraskeletal osteosarcoma

Fibrosarcoma



Leiomyosarcoma

Liposarcoma

Malignant fibrous histiocytoma

Malignant hemangiopericytoma

Malignant mesenchymoma

Malignant schwannoma

Rhabdomyosarcoma

Synovial sarcoma
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TABLE 113-5 -- AMERICAN JOINT COMMITTEE ON CANCER (AJCC) STAGING SYSTEM FOR BONE SARCOMAS (2003)

Stage Definition

Primary tumor

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor confined within the cortex

T2 Tumor invades beyond the cortex

Regional lymph nodes

Nx Lymph nodes cannot be assessed

N0 No regional lymph nodes metastasis

N1 Regional lymph nodes metastasis

Distant metastases

Mx Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present

Histopathologic grade

Gx Grade cannot be assessed

G1 Well differentiated (low grade)

G2 Moderately differentiated (low grade)

G3 Poorly differentiated (high grade)

G4 * Poorly differentiated or undifferentiated (high grade)
*Ewing's sarcoma, considered G4 . 

 
 
 
have been described particularly for some of the various types of tumors. In addition, malignant lymphoma, leukemia, and multiple myeloma are not listed in the bone sarcoma staging system. Unlike the soft tissue sarcomas, the bone sites do 
not include subdivisions by depth of tumor as superficial or deep. Instead, T1 tumors are confined to within the cortex, and T2 tumors invade beyond the cortex. The tumors that can be classified and staged within this category are listed in 
Table 113-6 .

Treatment.

The treatment of sarcomas involving the head and neck region involves a multidisciplinary approach, evaluation, and planning in order to provide the optimal chance of cure and rehabilitation. The treatment should always include 
consultation with a head and neck surgeon, medical oncologist,  

TABLE 113-6 -- BONE SARCOMAS



Osteosarcoma

Chondrosarcoma

Mesenchymal chondrosarcoma

Malignant giant cell tumor

Ewing's sarcoma
 
and radiation oncologist in close cooperation with a head and neck pathologist and neuroradiologist familiar with these neoplasms. Other specialists often involved in the care of these patients include dental oncologists, maxillofacial 
prosthodontist, and speech and swallowing therapist in addition to rehabilitation specialists. The histology, evaluation, and treatment of each histologic type of sarcoma and site of origin will vary, and thus, will be discussed according to the 
cell of origin.

Types of sarcomas

Alveolar soft part sarcoma.

Alveolar soft part sarcoma is a rare tumor that is stated to involve the head and neck region in approximately 25% of cases, although it represents fewer than 1% of all sarcomas. The cell of origin has not been elucidated, although muscular 
and neural differentiation have been identified. The common sites affected in the head and neck include the tongue and the orbit, with the orbit having the best prognosis. Alveolar soft part sarcoma rarely involves the neck and is reported to 
metastasize to the neck from head and neck primary sites in fewer than 10% of cases, making elective neck dissection unwarranted. Distant metastatic disease does occur and may not present for years or decades after the primary site was 
treated. Surgery remains the mainstay of treatment, although local recurrence is common. More recent reports have shown success with multimodality treatment including chemotherapy. Overall survival is approximately 65% at 5 years but 
drops to 50% at 10 years. * 

Angiosarcoma.

Angiosarcoma is another rare sarcoma representing fewer than 1% of all sarcomas, although up to half involve the head and neck. There remains consideration that this disease involves both vascular and lymphatic vessels, hence the 
differentiation from lymphangiosarcoma. The etiology remains unclear although trauma, radiation, and lymphedema have been associated with some cases.

Treatment is primarily surgical, although wide margins are necessary due to the multicentric nature of these tumors and local recurrence rate nearing 50%. Postoperative radiation therapy is also generally recommended, although there is 
limited experience using chemotherapy in these neoplasms. Metastatic disease commonly occurs in the lung and liver, whereas regional metastatic disease is common in lesions of the scalp. Elective neck dissection is recommended for 
clinically and radiographically evident disease or primary lesion involving the scalp. The 5-year survival rate remains low, with most reporting less than 25%. † 

*References [12] [15] [77] [131] [140] [163] [167] . 
†References [22] [28] [42] [48] [51] [55] [64] [73] [106] [110] [122] [134] . 
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Epithelioid hemangioendothelioma.

This tumor is extremely rare and is described to involve the head and neck region in only approximately 10% to 15% of the cases. These lesions are found to be derived from a epitheliod or histiocytoid type of endothelial cell.[185] It does 
manifest in a wide spectrum of biologic behavior ranging from a benign form to an extremely aggressive form of the disease, although all are vascular in nature. There has recently been described a more "benign" variant without distant 
metastases. [19] Another form has been described as spindle cell hemangioendothelioma but is now thought to be a benign process; it was suggested that this variant be referred to as spindle cell hemangioma for solitary lesions.[138] Those 
variants that are more aggressive and similar to angiosarcoma most often arise in the thyroid, submandibular, and neck soft tissues, although mucosal and skin sites have been described including the paranasal sinuses, larynx, and temporal 
bone. * Treatment typically has included surgical excision with possible radiation therapy. Recurrence and metastatic potential correlates with biologic aggressiveness with the more epithelioid lesions having a better prognosis, whereas the 
sarcomatous lesions have a higher metastatic potential and a poorer prognosis.[116] [183] 

Chondrosarcoma.

Although chondrosarcoma is typically found in the maxillary and mandibular region of the head and neck, presentation in the neck or origin in soft tissues can occur.[60] [92] Histologically, evidence of cartilage formation exists with varying 
degrees of differentiation and grade. These tumors are typically classified as osseous or extraosseous and may be subtyped into conventional, myxoid, and mesenchymal with mesenchymal being much more common in children and young 
adults. Prognosis does seem to be related to the subtype, with myxoid having the worst prognosis followed by mesenchymal and conventional. There has been some controversy surrounding the histologic separation of osteoblastic 
chondrosarcoma from osteosarcoma. According to the National Cancer Database (NCDB) report, the average age of patients with chondrosarcoma of the head and neck is 51 years, although over 32% were younger than age 40. There is a 
slight male predominance, and ethnicity reveals that non-Hispanic white persons constitute over 86% of cases. There appears to be only a small percentage with regional or distant metastases at diagnosis with 5.6% and 6.7%, respectively, in 
the NCDB report. [92] Treatment includes wide surgical resection, although consideration of postoperative radiation may be entertained, particularly in high-grade tumors. Survival rates in the NCDB report reveal a surprisingly high survival of 
patients with head and neck chondrosarcomas at 87.2% 5-year and 70.6% 10-year survival with 59.5% undergoing surgery alone, while 21.0% had adjuvant radiation therapy.

Osteosarcoma.

Osteosarcoma of the head and neck primarily involves the mandible and maxilla, with the mandible having a slightly higher incidence. The tumor rarely involves the soft tissues of the neck, although isolated regional metastases have been 
reported in addition to several reports involving the hyoid and larynx.[2] [34] [139] The treatment of these lesions has primarily included surgical resection with or without radiation therapy and chemotherapy. The incidence of cervical metastases is 
reported to be less than 10%, making routine neck dissection unwarranted.[11] The poor prognosis of soft tissue osteosarcomas of the larynx may encourage multimodality treatment for these sites in the future.

Fibrosarcoma.

The neck is the second most common site of presentation of head and neck fibrosarcoma, after the paranasal sinus region. Although it can occur at any age, it is more common in adults between 40 and 70 years of age, although there exists a 



subset of children diagnosed before the age of 2 years. This neoplasm originates from the fibroblast and usually arises spontaneously but is known to arise in areas of prior burn scars and radiation therapy.[65] [107] Histologically, they are 
identified by a malignant fibroblastic proliferation with variable amounts of collagen and reticulin forming a "herringbone" pattern. These lesions have a broad differential diagnosis, and the well-differentiated types are commonly confused 
with fibromatosis and other benign processes. They typically present in the neck as a painless enlarging firm mass and have a low rate of lymphatic metastasis, thus making routine neck dissection unwarranted. There tends to be a high local 
recurrence rate up to 50% despite radical surgical excision with a survival rate of 50% to 75% and possibly higher in young children.[32] [58] [65] [111] [158] Adjuvant treatment should be based on the size of the tumor, tumor grade, and status of surgical 
margins.[111] A review of the literature on these tumors should be undertaken with caution due to changes in histochemical diagnosis that may alter the inclusion of certain tumors previously classified as fibrosarcoma in earlier series.

Leiomyosarcoma.

Leiomyosarcoma is a neoplasm that generally affects older adults, although it can occur at any age. It represents 6% of all sarcomas, and 3% involve the head and neck region where the oral cavity followed by the sinonasal region and then 
subcutaneous areas are the most common sites.[9] Although the scalp and face are the most common site of occurrence of the subcutaneous lesions, there are

*References [62] [75] [155] [171] [186] [189] . 
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reports involving the superficial and deep tissues of the cervical region.[39] [159] [165] The neoplasm develops from smooth muscle origin and histologically has a typical appearance of fascicles arranged in a perpendicular fashion with the cigar-
shaped nuclei, eosinophilic cytoplasm, and paranuclear vacuoles. Most also expressed muscle-specific actin, smooth muscle actin, and desmin.[121] These can be differentiated from fibrosarcomas by their "cigar-shaped" nuclei rather than the 
"pointy" nuclei of fibrosarcomas. The most common presentation is a nodular dark blue or black lesion involving the dermis and epidermis that may be tender to palpation. Those that arise in the subcutaneous tissues have a higher local 
recurrence, metastatic rate, and worse prognosis.[154] Of those originating in the oral cavity, there was a high rate of local recurrence in addition to metastatic disease to the cervical nodes, lungs, and subcutaneous tissues.[9] Deep neck masses 
should also be considered in the differential, even without skin involvement. The treatment includes wide resection with negative margins. Neck dissection may be indicated due to the potential for regional and distant metastases. [80] [119] The 
prognosis varies greatly with site of origin and histologic variations, thus making the accurate estimatation of survival of each site difficult.

Liposarcoma.

Although considered the most common soft tissue sarcoma of adults, constituting 12% to 18% of cases, involvement in the head and neck region is rare, occurring in an estimated 3% to 6%.[114] Although a relationship to previous lipoma and 
traumatic events has been considered, there is not yet enough evidence to confirm the relationship to the development of liposarcoma. In a review of head and neck liposarcomas, Barnes[9] identified the larynx and hypopharynx to be the most 
common site followed closely by the neck, although others report the neck to be more commonly involved.[63] The prognosis appears to be dependent on site and classification with the well-differentiated and myxoid having a better prognosis 
(75%–100%) than the round cell and pleomorphic varieties (12%–30%).[9] [63] [114] [132] The liposarcoma is considered to occur more often in deeper soft tissue locations than the lipoma or atypical lipoma; cervical metastases are rare, and distant 
metastases have been reported primarily to the lung and liver.

Atypical lipoma.

Although histologically and behaviorly benign, the atypical lipoma or pleomorphic lipoma may be misdiagnosed as liposarcoma because of the histologic similarity. These are typically more superficial, and radical treatment is not necessary 
if wide surgical margins are obtained. Similarly, the spindle cell lipoma has also been described and behaves in a similar fashion to the atypical lipoma. Both of these processes are more common in men during adulthood.[49] 

Malignant fibrous histiocytoma.

Most consider MFH the most common soft tissue sarcoma in adults. It rarely involves the head and neck region, although the sites described include the soft tissues of the paranasal sinuses, neck, skull base, and parotid gland. Of 88 fibrous 
histiocytomas (benign and malignant) of the head and neck analyzed, the neck was the second most common site after the sinonasal region.[52] Etiologic factors include prior radiation therapy and historical use of silica as injection material. 
The cell of origin has received much discussion, although consideration of fibroblastic or primitive mesenchymal cell has emerged as the leading theories. [52] [187] Microscopically, these tumors tend to reveal histiocytes, fibroblasts, giant cells, 
spindle cells, and collagen with the storiform-pleomorphic form the most common. MFH is considered a high grade sarcoma and is classified into numerous subtypes providing for a separation from the standard staging for sarcomas. There 
is evidence that the survival and course of the disease is related to the size and depth of these tumors.[184] The treatment is surgical with wide margins, and elective treatment of the neck is not indicated due to the low incidence of cervical 
metastases, although there is some evidence to suggest that oral cavity MFH has a higher metastatic potential for regional lymph nodes.[10] [21] Local recurrence rates approach 30% with overall lymph node metastases near 10% and distant 
metastases approximately 35% with most metastases occurring within the first 2 years.[10] [184] Recurrence seems to result in a lower surgical salvage rate for head and neck MFH than in extremities, and overall survival also is poorer for head 
and neck sites. [188] Survival approaches 75% for patients without local recurrence after surgery and drops to 38% with local recurrence for an overall 5-year survival of approximately 51%.[188] 

Malignant hemangiopericytoma.

Hemangiopericytoma arises from the cells of Zimmerman, which occur around capillaries and postcapillary venules. The majority of hemangiopericytomas of the head and neck are found in the paranasal sinuses, although due to the cell of 
origin, nearly any tissue could be involved, including the neck.[38] [156] [178] The tumor primarily affects adults, although there is a subset of children (usually younger than 5 years) that can be affected. The treatment is surgical because 
hemangiopericytomas have been shown to be relatively radioresistant, and the highly vascular nature of these tumors may require preoperative embolization. Adjuvant radiation therapy has been recommended for those with high-grade 
features or positive margins. Neck dissection is not necessary because lymphatic
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spread is rare, although there are varying reports of distant metastases that seem to correlate with histologic pattern, mitotic figures, and proliferation indices. [18] [23] [95] The 5-year survival rate is near 70%, and distant metastases usually portend 
recurrence at the primary site.

Malignant peripheral nerve sheath tumor.

The term malignant peripheral nerve sheath tumor (MPNST) refers to a type of neurosarcoma that represents nearly 10% of all sarcomas, behaves in an aggressive fashion, and carries a poor prognosis. The tumor appears to have varying 
distribution by gender and is typically a disease of adults.[44] [175] The tumor typically arises in the neck in up to half of the head and neck cases, although the sinonasal region, parapharyngeal space, parotid, and thyroid have been involved. 



These tumors are generally considered to occur in two settings: de novo, and within the setting of a neurofibroma, particularly neurofibromatosis 1 (NF-1). Those arising in the latter typically occur at a younger age (fourth decade of life) and 
have a worse prognosis.[26] [88] [105] It is stated that for patients diagnosed with NF-1, the risk of developing a MPNST is 2%.[88] 

The typical presentation is of a progressive swelling, and many present with pain in the region. Those with a history of NF-1 may describe a long history of a mass with a recent rapid enlargement. Associated neurogenic symptoms of 
weakness or paresthesias may be associated. Microscopically, they typically reveal atypical spindle cells similar to Schwann cells that are closely associated with a peripheral nerve. There remains significant controversy and variability in the 
histopathologic diagnostic criteria. The treatment includes wide resection with clear margins and postoperative radiation with margin status and tumor size correlating with survival.[4] [74] [105] The prognosis is poor despite aggressive treatment, 
with over 40% developing local recurrence, although the presence of lymphatic metastases is rare.[4] [67] [166] [175] 

Malignant mesenchymoma.

Malignant mesenchymoma is an extremely rare tumor with only a handful of cases reported involving the head and neck with sites ranging from the skin of the face to the orbit, mandible, maxilla, and larynx. * These tumors are considered 
high-grade sarcomas that have a variable histologic pattern, and Barnes suggests that they be diagnosed with the additional comment to include, "rhabdomyosarcoma with chondrosarcoma."[9] [126] 

Rhabdomyosarcoma.

RMS is a malignancy that is derived from mesenchymal cells associated with skeletal muscle differentiation. It represents the most common soft tissue sarcoma in children and also accounts for 20% of all sarcomas. Over 45% of 
rhabdomyosarcomas arise in the head and neck region, with the highest incidence in the first decade and another peak occurring in the second and third decade. The most common sites in the head and neck from a recent series of 50 cases 
include the face, orbit, nasal cavity, neck, paranasal sinuses, and parameningeal sites.[72] Metastatic disease was present in 33% of cases, with the most common sites being bone marrow, cerebrospinal fluid, peritoneal fluid, and lung.[72] Other 
reports reveal the neck soft tissue to be involved in almost 14% of adult head and neck RMS.[9] 

These tumors are categorized by the Intergroup Rhabdomyosarcoma Study (IRS) into the following subtypes, embryonal, embryonal-botryoid variant, embryonal-spindle cell variant, alveolar-classic, and solid variants, undifferentiated and 
anaplastic. These are also commonly classified as embryonal, alveolar, pleomorphic, and mixed types. The embryonal represents the most common RMS in both children and adults and microscopically reveals small spindle cells with a 
central nucleus, although round cells often resembling lymphocytes may be seen. The botryoid variant grows in a polypoid, grape-like fashion and differs microscopically from the classic embryonal by a subepithelial condensation of tumor 
cells. The alveolar type occurs primarily in the teenage and young adult population and is identified histologically by an alveolar pattern of loosely arranged cells with hyperchromatic nuclei. The pleomorphic type represents approximately 
17% of the adult RMS and fewer than 5% of pediatric cases. These lesions are found to have large, pleomorphic cells with eosinophilic cytoplasm. Immunohistochemistry has provided valuable diagnostic techniques to the histologic 
diagnosis of these lesions with antidesmin staining in 94%, 77% positive for desmin, 78% positive for muscle specific actin, and 30% for myoglobin.[136] 

The treatment of RMS has continued to improve since the development of the IRS and now often involves combined modality treatment to include surgery, chemotherapy, and radiation therapy. Therapy has been based on the site categories 
that the IRS delineated as: (1) orbit; (2) parameningeal; and (3) other head and neck. Primary treatment often includes induction chemotherapy followed by radiation therapy, although concomitant therapy can be used. Surgery is typically 
reserved for debulking or for tumors that can be resected entirely without functional or cosmetic deformity. Neck dissection is warranted in cases of obvious neck involvement or in clinically enlarged adenopathy. The survival rates for each 
of these sites were 92%, 69%, and 81%, respectively.[33] [112] [113] [148] IRS III and IV analysis does

*References [17] [20] [90] [103] [153] [169] . 
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show an overall 83% 5-year survival and a better prognosis in N0 patients than those with N1 disease.[135] Prognosis correlates with patient age, site of disease, histological type, size of tumor, and metastases with botryoid and spindle associated 
with a better prognosis than embryonal, which is better than alveolar and pleomorphic.[127] Long-term follow-up has identified significant morbidity related to these treatments and long-term functional outcomes should be considered in 
addition to locoregional control and survival.[142] Lymphatic metastases are found to occur in 3% to 20% of RMS, although hematogenous spread may also occur. [100] [161] Staging of RMS is commonly based on the IRS, which incorporates the 
extent of disease with metastases and surgical results. It was also recommended by the IRS that staging systems for this disease require continuous evaluation due to the loss of the prognostic correlation in early-stage tumors[101] [136] ( Table 113-
7 ).

 
TABLE 113-7 -- RMS INTERGROUP STAGING SYSTEM

TNM PRETREATMENT STAGING SYSTEM (IRSG)

Stage Sites T Tumor Alae N M

I Orbit T1 or T2 a or b N0 or N1 or N2 M0 

 Head and neck (excluding parameningeal)     

 GU-Nonbladder/Nonprostate     

II Bladder/Prostate T1 or T2 a N0 or Nx M0 

 Extremly     

 Head and neck parameningeal     

 Other (including trunk, retroperitoncum, etc.)     

III Bladder/Prostate T1 or T2 a N1 M0 

 Extremly  b N0 or N1 or Nx  

 Head and neck parameningeal     



 Other (including trunk, retroperitoneum, etc.)     

IV All T1 or T2 a or b N0 or N1 M1 

DEFINITIONS OF T, N, AND M CLASSIFICATIONS IN PRETREATMENT STAGING

Classification Description

Tumor

T1 Confined to anatomic size of origin

••a <5 cm in diameter

••b ≥5 cm in diameter

T2 Extension and/or fixation to surrounding tissue

••a <5 cm in diameter

••b ≥5 cm in diameter

Regional lymph nodes

N0 Regional lymph nodes not clinically involved

N1 Regional lymph nodes clinically involved by neoplasm

N1 Clinical status of regional lymph nodes unknown (especially with sites that preclude lymph node evaluation)

Metastasis

M0 No distant metastasis

M1 Metastasis present

IBSG, Intergroup Rhabdomyosarcoma Study Group; GU, genitourinary.

SURVIVAL OF IRS-II AND IRS-III PATIENTS BY IRSG PRETREATMENT STAGE

 ESTIMATED 5-YEAR SURVIVAL

Pretreatment Stage IRS-II IRS-III

I 91% 09%

II 73% 06%

III 52% 69%

IV 23% 30%

IRS, Intergroup Rhabdomyosarcoma Study.
 
Synovial sarcoma.

Synovial sarcoma composes 6% to 10% of all soft tissue sarcomas and 3% to 10% of all head and neck sarcomas. This neoplasm has been described to arise in the periarticular regions of the body, although the sites of the head and neck are 
not usually in these areas. This tumor typically arises in people aged 20 to 40 years, with the hypopharyngeal and retropharyngeal regions the most likely site of the head and neck. It is thought to be derived from a pluripotential 
mesenchymal cell with both epithelioid and spindle differentiation. Microscopically, the tumor is found to have a predominant spindle cell component with cuboidal and columnar cells surrounding glandular areas and may have calcifications 
in up to 30% of cases. [70] [152] Prognosis appears related to tumor size, mitotic indices, high grade, local recurrence, and tumor necrosis, although the absence of calcifications and ploidy may also be related. [47] [70] 

The symptoms on presentation are usually related to mass effect, although a painful mass may be identified. The treatment requires wide surgical resection; however, chemotherapy may also be potentially beneficial when used preoperatively 
according to recent reports.[47] [87] Neck dissection is not necessary due to the absence of cervical metastases. The 5-year survival is 47% to 58% with up to 40% incidence of local recurrence.[9] [152] [162] 

Malignant giant cell tumor.

The malignant giant cell tumor (MGCT) of the head and neck region is extremely rare and may be considered to be radiation induced after patients are treated for a benign GCT. MGCTs account for fewer than 10% of all GCTs. The 
sinonasal region and the mandible are the most common sites where these occur in the head and neck.[120] [141] The secondary MGCT appears to be more common than primary MGCT, which arises de novo without prior evidence of a benign 
GCT. The overall 5-year survival rate of secondary MGCT was reported as 32%.[147] Metastatic lesions of GCT are usually identified in the lungs.[146] 

Ewing's sarcoma.

Ewing's sarcoma represents a malignancy derived from primitive neuroectoderm and is the second most common bone tumor in children. Of 70 cases described at a single institution, only five (7.1%) occurred in the head and neck region.[172] 
They are separated into osseous and extraosseous types with approximately 75% occurring in the first two decades of life. Primitive neuroectodermal tumor is a diagnosis that has many overlapping features with extraosseous Ewing's 
sarcoma and may be related.[9] Primitive neuroectodermal tumor occurs in the paraspinous regions in approximately 50% of cases. The most common head and neck sites for these tumors includes the mandible, maxilla, skull, and sinonasal 
region, although soft tissue sites have been described.[85] The incidence of lymphatic spread to the cervical nodes is uncommon. Treatment involves multimodality therapy, including chemotherapy, while surgery may be necessary for 



complete control of the primary site and for reconstructive considerations. Radiation may be beneficial in combination with these other modalities.

Desmoplastic small round cell neoplasm.

The desmoplastic round cell tumor is an extremely rare tumor that typically presents in the abdomen, although reports in the head and neck exist.[117] The tumor appears to be highly aggressive and may be chemosensitive, although overall 
survival has been poor. Recent reports suggest that combined modality including surgery, radiation, and chemotherapy may be necessary to improve prognosis.[104] 

Other solitary fibrous tumor.

There exists a wide range of benign and malignant fibrous tumors with varying degrees of local, regional, and metastatic growth potential. The one that deserves mention due to the frequency in the head and neck, particularly in children, is 
desmoid fibromatosis. These tumors have a wide range of behavior and a very low mortality rate.
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Treatment includes wide resection due to the high local recurrence rate of 21% to 47%.[8] [31] [37] 

Lymphoma.

Lymphoma deserves mention due to the common presentation in enlarged cervical lymph nodes but will be presented in detail in Chapter 114 .

Melanoma.

Although melanoma has been identified to arise or metastasize to the neck without a known primary site, a thorough evaluation should be undertaken to identify the primary site. A review of 300 cases of melanoma by Balm and others [6] 
revealed 17 (5.7%) presented with a cervical lymph node without a known primary site. The treatment included surgery and the 5-year disease-specific survival was 48%, with a median of 36 months (which correlated with other patients with 
a stage II cutaneous melanoma).[6] 

In a large series of head and neck melanoma, elective neck dissection and therapeutic neck dissection did not appear to improve survival over patients undergoing delayed neck dissection for regional metastases developing more than 3 
months after primary treatment. There was, however, a high incidence of distant metastatic disease in patients that did develop regional metastatic disease.[56] 

Squamous cell carcinoma arising in a branchial cleft cyst.

Although rare, squamous cell carcinomas have been documented to arise within branchial cleft cysts of the neck. Cytopathologic diagnosis is difficult, but it should be considered in the differential diagnosis of a cystic neck mass. Final 
confirmation of the diagnosis should follow the criteria proposed in differentiating these tumors from cystic squamous cell carcinoma of cervical lymph nodes.[164] 

Carcinoma arising within a thyroglossal duct cyst.

This extremely rare occurrence has been described, providing evidence for cytologic examination of thyroglossal duct cysts in suspicious cases.[41] [68] [96] [143] 

Although it is understood that many soft tissue tumors can metastasize or originate in the neck region, the most common remains squamous cell carcinoma of the head and neck aerodigestive tract. A broad differential is required when 
evaluating the neck mass, particularly in children, making a systematic approach essential to the diagnosis. Due to the limited number of prospective and retrospective studies of nonsquamous malignancies involving the neck, it is essential 
that the clinician remain updated on the optimal treatment and incorporate a multidisciplinary approach to these tumors.

SUMMARY

Primary neoplasms of the neck are rare but must be considered in the differential diagnosis of any neck mass to allow for optimal evaluation and management. The well-known diagnostic algorithm should be followed for any neck mass, and 
when suspicious cells are identified on fine-needle aspiration biopsy or unusual findings are found on radiologic studies, a primary tumor of the neck region should be considered. The ultimate diagnosis often requires surgical resection, 
which may entail simultaneous wide resection with confirmed clear margins and neck dissection to afford the patient the best chance for cure. A review of the existing literature for rare tumors including sarcomas and consideration of clinical 
trials will allow for long-term improvement in locoregional response and survival.

The authors wish to extend their appreciation to Mrs. Ann Durgun and Dr. Jennifer Schnellman for their expertise and assistance in the preparation of this manuscript.
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Chapter 114 - LYMPHOMAS PRESENTING IN THE HEAD AND NECK
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INTRODUCTION

Lymphomas in the head and neck fall into the basic categories of Hodgkin's lymphoma (HL) and non-Hodgkin's lymphoma (NHL). NHL occurs more than five times as frequently as HL and is the second most common type of cancer 
occurring in the head and neck.

NON-HODGKIN'S LYMPHOMAS

NHLs are a heterogeneous group of diseases arising in nodal or extranodal lymphoid tissue. A favored presentation site is the head and neck, where between one-third and two-thirds of all extranodal NHLs arise. The full spectrum of 
heterogeneity in the morphology, phenotype, genotype, presentation, natural history, response to treatment, and prognosis of NHLs is represented in the various clinicopathologic entities occurring in the head and neck. The spectrum of 
biologic behavior in head and neck lymphomas ranges from indolent tumors, present for years before diagnosis, to rapidly growing tumors that double in size over days. The difficulty in classification of NHLs is reflected in the many 
classification systems devised over the past 30 to 40 years. Even with the use of modern molecular genetic tools for pathologic classification, the natural history and response to treatment in a given lymphoma cannot always be predicted 
reliably based on tissue examination, so it is incumbent on the clinician to recognize the repertoire of natural histories associated with different patterns of presentation in the NHLs and to be familiar with the relevant therapeutic tools 
available.

Epidemiology

In the United States, NHL accounts for approximately 4.5% of all cancer diagnoses. The incidence of NHL in the United States has been increasing over the past decade, and the American Cancer Society estimates that in 2003 there will be 
approximately 53,400 new cases and 23,400 deaths due to this disease.[1] There is a slight male predominance and the median age of patients is 65 years, [20] with certain types of lymphomas represented throughout the age groups and others 
correlated with a specific age group, sex, site, or predisposing factor.

A viral association has been clearly documented in two types of NHL. Epstein-Barr virus has been detected in the lymphoma cells of 90% of children with African Burkitt's lymphoma,[43] [57] [61] and HTLV-1 has been identified in tumor cells of 
an aggressive form of peripheral T-cell lymphoma.[60] There is an increased incidence of the more aggressive subtypes of NHL in immunocompromised patients,[54] including iatrogenic immunocompromise associated with organ transplantation,
[10] the viral-induced immunocompromise of acquired immuno deficiency syndrome,[49] and congenital disorders associated with immunocompromise such as ataxia telangiectasia [69] and Wiskott-Aldrich syndrome.[41] There is also an association 
between lymphoma and prior autoimmune and inflammatory disorders such as Sjögren's[2] [39] [76] [80] [85] and Hashimoto's thyroiditis.[31] [33] Occasionally, the diagnosis of a lymphoma is preceded by a sentinel infectious or inflammatory event or 
preceding waxing and waning lymphadenopathy, suggesting the possibility that proliferative immune or reparative responses may trigger an underlying genetic capacity for lymphoma development.

Pathology

The Rappaport, Lukes-Collins, and Kiel (Lennert) classification systems used before 1982 were based primarily on tumor morphology. The Working Formulation system,[56] [73] which was proposed in 1982, was based on both morphology and 
natural history and included 10 separate entities that were grouped as low-grade (small lymphocytic, follicular predominantly
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small cleaved cell, and follicular mixed small cleaved and large cell lymphomas), intermediate-grade (follicular predominantly large cell, diffuse small cleaved cell, diffuse mixed small and large cell, and diffuse large cell), and high-grade 
lymphomas (small non-cleaved or Burkitt's, lymphoblastic, and immunoblastic). Over the next decade, chromosomal analysis, immunohistochemical staining, and molecular genetic techniques revealed specific phenotypic and genotypic 
patterns among the lymphomas, which were correlated with natural history. The Revised European and American Lymphoma (REAL)[27] classification, and later the World Health Organization (WHO) classification,[35] are attempts to move 
beyond the limits of morphologic classification in lymphomas by incorporating immunohistochemical, kinetic, and molecular genetic information. In the new systems, a number of new entities were described that have predictable natural 
histories and treatment responses, such as large cell anaplastic lymphoma, NK/T-cell lymphomas of the sinonasal tract, mantle cell lymphomas, and marginal zone lymphomas including the mucosa-associated lymphoid tissues (MALT). 
Table 114-1 shows a summary of diagnostic criteria for the most common clinicopathologic NHL entities occurring in the head and neck area, along with typical sites of presentation, and expected clinical behavior.[78] 

Evaluation, Staging, and Prognostic Factors

Fine-needle aspiration can be sufficient to confirm recurrence in an already well-characterized lymphoma and will occasionally be sufficient to secure initial diagnosis, but excisional biopsy is generally preferred to afford assessment of nodal 
or extranodal tissue architecture. Morphologic assessment is no longer sufficient for definitive diagnosis in many lymphomas, if supporting documentation of the patterns of surface antigens is not available (see Table 114-1 ). Flow cytometry 
is useful in correlating cell size not only with cell surface phenotype but also with the proportion of cells in S phase, which is indicative of biologic behavior.

Once a diagnosis is made, extent of disease must be assessed for staging. Because radiation therapy is generally used as part of the management of most lymphomas, knowledge of the anatomic extent of disease is required for treatment 
planning. Computed tomography (CT) of the head and neck, chest, abdomen, and pelvis is indicated in essentially all low-, intermediate-, and high-grade lymphomas to evaluate all nodal and extranodal lymphoid structures. Lymphomas 
differ from the more common carcinomas occurring in the head and neck area in that they tend to push, compress, or surround rather than invade anatomic structures such as arteries, bone, muscle, and mucosa. Central necrosis in a node or 
mass usually occurs only with high-grade lymphomas or in immunocompromised patients. Neurotropic spread is rare but has been reported in marginal zone lymphomas occurring in the head and neck. [19] Most lymphomas are homogeneous, 



are slightly hyperintense on CT, show a slightly increased signal on magnetic resonance imaging (MRI), and enhance with CT and MRI contrast agents. Certain clinicopathologic entities may require additional studies to assess particular 
potential patterns of involvement: upper gastrointestinal series, barium enema, endoscopy, or colonoscopy may be indicated in patients with Waldeyer's ring, thyroid, and salivary gland MALToma. MRI of the brain may be helpful in 
patients with vitreous, paranasal sinus, parapharyngeal space, pterygopalatine fossa, and orbit involvement. MRI may also be useful in identifying areas of perineural and bone marrow involvement. Bone marrow biopsy is indicated in most 
lymphomas other than localized asymptomatic MALTomas and other marginal zone lymphomas. Both follicular and more aggressive lymphoma subtypes show a 2-deoxy-2-[F-18]-fluoro-D-glucose (FDG) uptake, making positron emission 
tomography (PET) potentially useful in staging and response assessment. Studies have documented excellent 2-deoxy-2-[F-18]-fluoro-D-glucose-PET sensitivity and specificity for nodal staging.[65] [82] FDG is not reliably taken up by some 
lymphoma subtypes, such as MALT, but other agents such as 111 In-DTPA-D-Phe(1)-octreotide, which is taken up by somatostatin receptors, may be of use in dealing with MALT tumors. [64] 

The Ann Arbor staging system is used for NHLs ( Table 114-2 ).[1] Many other factors besides stage have been shown to have potential prognostic significance in NHL, including histologic type, immunophenotype, tumor bulk, site of 
extranodal presentation, age and sex of the patient, performance status, hemoglobin, number of involved nodal and extranodal sites, proliferation indices, interleukin 6 level, lactate dehydrogenase (LDH), β2 -microglobulin, and phenotypic 
variants indicated by expression of human leukocyte antigen-DR (HLA-DR), CD44 antigen, B-cell CLL/lymphoma 2 (BCL-2), and B-cell CLL/lymphoma 6 (BCL-6). An international group of NHL investigators proposed a tool called the 
International Prognostic Index (IPI), which was based on a multivariate analysis of factors associated with prognosis in patients with aggressive NHL treated with doxorubicin-based combination chemotherapy on phases II and III trials.[58] 
The IPI includes five unfavorable prognostic factors: stage (III–IV), age (>60 years), performance status (ECOG 2–4), number of extranodal sites (>1), and LDH (>1 × normal). The IPI categorizes patients into four risk categories based on 
the number of risk
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TABLE 114-1 -- DIAGNOSTIC CRITERIA FOR COMMON LYMPHOMAS OF THE HEAD AND NECK

Histologic Subtype
Cell 
Type Additional CD Markers Associated Oncogene

Translocation (Incidence in 
Subtype) Cellular Activity Typical Head and Neck Site

Typical 
Behavior

Small lymphocytic lymphoma B * CD5+, CD10-, CD23+ ND ND ND Anterior orbit, nodes Indolent

Follicular B * CD5-, CD43-, CD10+, CD23± BCL-2 t(14;18)(q32;q11) (90%) Suppression of apoptosis Nodes, Waldeyer's ring, salivary glands Indolent

Diffuse large cell B * CD5-, CD10+, CD23±, CD43-, 
CD30-

BCL-2 t(14;18)(q32;q11) (20%) Suppression of apoptosis Waldeyer's ring, nodes, salivary glands, 
thyroid, orbit, sinonasal tract

Aggressive

   BCL-6 3q27 (40%) Zinc finger transcription factor   

   BCL-8 t(14;15)(q32;q11-13) (3%–4%) Transcription factor   

MALT B * CD5-, CD10-, CD23 ND t(11;18)(q21;q21) (35%) ND Salivary glands, orbit, thyroid, Waldeyer's ring Indolent

Marginal zone (monocytoid) B *  ND ND ND Nodes, neurotropic presentation Indolent

Mantle B * CD5+, CD10±, CD23-, CD43+ BCL-1 (cyclin-D) t(11;14)(q13;q32) (70%) G1/S progression Waldeyer's ring, nodes Aggressive

Burkitt's B *  C-MYC 8q24 (100%) Transcription activation; cell 
cycle control

Waldeyer's ring, parapharyngeal site Aggressive

Primary system C or primary 
cutaneous anaplastic large cell

T * CD30+ ALK/NPM t(2;5) (p23;q35) (ND) Tyrosine kinase Skin Variable

Angiocentric lymphoma (AKA) 
lethal midline granuloma, nasal T-
cell lymphoma, nasal (T-NK cell) 
lymphoma

T * CD56+, CD4+ ND ND ND Sinonasal tract Aggressive

ND, no data.

(Modified from Tsang RW, Gospodarowicz MK: Non-Hodgkin's lymphoma. In Gunderson LL, Tepper JE, editors: Clinical radiation oncology, Philadelphia, 2000, Churchill Livingstone, pp 1158–1188.)
*Pan B-cell markers are CD19+, CD20+, and CD22; Pan T-cell markers are CD2+, CD3+, CD4+, CD7+, and CD8+. 
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TABLE 114-2 -- AMERICAN JOINT COMMITTEE ON CANCER/ANN ARBOR STAGING SYSTEM FOR NON-HODGKIN'S LYMPHOMA

Hodgkin and Non-Hodgkin Lymphoma  

Staging  

Stage I Involvement of a single lymph node region (I); or, localized involvement of a single extralymphatic organ or site in the absence of 
any lymph node involvement (IE) (rare in Hodgkin lymphoma)



Stage II Involvement of two or more lymph node regions on the same side of the diaphragm (II); or, localized involvement of a single 
extralymphatic organ or site in association with regional lymph node involvement with or without involvement of other lymph node 
regions on the same side of the diaphragm (IIE); the number of regions involved may be indicated by a subscript, as in, for example, 
II3 

Stage III Involvement of lymph node regions on both sides of the diaphragm (III), which also may be accompanied by extralymphatic 
extension in association with adjacent lymph node involvement (IIIE), by involvement of the spleen (IIIS), or both (IIIE,S)

Stage IV Diffuse or disseminated involvement of one or more extralymphatic organs, with or without associated lymph node involvement; or, 
isolated extralymphatic organ involvement in the absence of adjacent regional lymph node involvement, but in conjunction with 
disease in distant site(s); any involvement of the liver or bone marrow, or nodular involvement of the lung(s)

A and B Classification (Symptoms). Each stage should be classified as either A or B according to the 
absence or presence of defined constitutional symptoms.

••1. Fevers: unexplained fever with temperature above 38°C

 ••2. Night sweats: drenching sweats that require change of bedclothes

 ••3. Weight loss: unexplained weight loss of more than 10% of the usual body weight in the 6 months before diagnosis

(Data from the 2002 American Joint Committee on Cancer: AJCC cancer staging handbook, ed 6, New York, 2002, Springer.)
 
factors present. In this group of patients, 5-year survival rates for patients with low risk (0 or 1 factor) were 73%; low-intermediate risk (2 factors), 51%; high-intermediate risk (3 factors), 43%; and high risk (4 or 5 factors), 26%. Because of 
the prognostic significance of the IPI score, it is a useful tool for guiding the intensity of therapy and important in providing a standard for comparison of therapeutic outcomes.

Therapy

The generally indolent natural history of low-grade lymphomas (which may include transient spontaneous remissions, transformation to rapidly lethal high-grade lymphomas, or both) make evaluation of various treatment approaches 
difficult. There is no convincing evidence of cure in low-grade lymphoma with systemic therapy, although there may be excellent responses with a variety of agents including monoclonal antibodies, radioimmunolabeled antibodies, biologic 
agents such as interferon, single-agent purine analogs and alkylating agents, combination chemotherapy, and high-dose ablative chemotherapy with stem cell rescue. The low-grade lymphomas are almost always responsive to radiation 
therapy, and they are potentially curable in a high proportion of cases, depending on stage, histology, site, and disease extent. In contrast to squamous cell carcinoma, for which radiation doses of 60 to 76 Gy are necessary, low-grade NHLs 
require only 20 to 30 Gy.[38] Typical outcomes with radiation therapy include freedom-from-disease-progression rates at 10 years of approximately 80%, 60%, and 40% for stages I, II, and III, respectively.[51] Because of the indolent natural 
history, management options also include delay of treatment until the disease becomes symptomatic. At symptomatic progression, many options for palliation exist, including the systematic approach listed above. Radiation therapy should 
provide long-term disease control in the sites
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applied, as well as a potential for cure if the disease is still limited.

Intermediate-grade NHLs, most commonly diffuse large B-cell lymphomas, are usually treated with three to six cycles of CHOP-R-based chemotherapy regimens (cyclophosphamide, doxorubicin, vincristine, prednisone, rituxan) followed 
by involved field radiation therapy with expected freedom-from-disease-progression or relapse rates of approximately 80%, 60%, and 40% for stages I, II, and III, respectively. [17] Radiation doses in intermediate-grade NHL range from 30 to 
50 Gy, depending on response to chemotherapy and size of tumor.[21] [38] [52] Because of the indolent natural history, management options also include delay of treatment until the disease becomes symptomatic.

High-grade lymphomas typically have such a high growth fraction that localized therapy may be of little benefit; consequently most patients with Burkitt's lymphoma and lymphoblastic lymphoma are treated primarily with chemotherapy. 
Radiation therapy can be used in patients with incomplete responses to chemotherapy and for treatment of sanctuary sites at high risk for recurrence after chemotherapy such as the central nervous system and, occasionally, the testicles. Most 
lymphomas in children are high grade and are treated with chemotherapy alone.[44] 

Some clinicopathologic entities may require more specific treatment approaches, as detailed below.

Most Common Clinicopathologic Entities in NHL

Although both aggressive and indolent NHLs may occur in any tissue, the following patterns represent the most common presentation of NHL occurring in the head and neck.

Waldeyer's Ring

Waldeyer's ring is a band of lymphoid tissue encircling the entryway from the oral and nasal cavities to the aerodigestive track and includes lymphoid tissue in the tonsils, adenoids, base of the tongue, and nasopharynx. Whether the 
lymphoid tissue in Waldeyer's ring should be considered nodal or extranodal is debatable. The presence of primarily IgG-secreting resident plasma cells and the absence of a prominent marginal zone in the tissue support the argument for a 
nodal origin. However, the location along the aerodigestive tract and the lack of afferent lymphatics are evidence for an extranodal origin. Fifty percent to 60% of stages I and II extranodal NHLs of the head and neck occur in Waldeyer's 
ring, with nearly half arising in the tonsil.[14] [23] [71] Patients with primary tonsil lymphomas have a significant incidence (20%–30%) of synchronous or metachronous gastrointestinal involvement.[8] [26] The most common histology is diffuse large 
B-cell lymphoma, followed by follicular lymphoma, extranodal marginal zone B-cell lymphoma (MALT type), and Burkitt's lymphoma. [14] Waldeyer's ring is considered a single site because of the frequent involvement of more than one part 
of it. Common symptoms include persistent sore throat, otalgia, dysphagia, and airway obstruction. Common appearance on physical examination is tonsil enlargement, bulging of the mucosa in the nasopharynx or base of the tongue, and 
displacement or bulging of the soft palate; mucosal ulceration is not common. Rubbery, matted lymphadenopathy is common, frequently involving not just internal jugular chain nodes, but also the spinal accessory chain. Occasionally 
submental, submandibular, parotid, preauricular, and occipital nodes may be involved. Treatment for stages I and II is radiation therapy alone for low-grade lymphomas and radiation therapy preceded by three to six cycles of CHOP-R-based 
chemotherapy in intermediate-grade lymphomas. Five-year survival rates range from 60% to 90%. [5] [17] [21] [53] Figure 114-1 through Figure 114-4 demonstrate the common radiographic appearance of tonsil, base of tongue, and nasopharyngeal 



NHL.

 
Figure 114-1 Diffuse large B-cell lymphoma in an HIV-positive 68-year-old man. Contrast-enhanced axial CT image of an HIV-positive patient show a large tumor (T) in the oropharynx, probably originating in the tonsil, involving the 
lateral pharyngeal wall and parapharyngeal space on the left. The mass significantly compromises the upper airway (A). Notice the complete obliteration of the parapharyngeal fat planes on the left when compared with the right (white 
arrows). The internal carotid artery (black arrow on each side) is partially surrounded along its medial aspect by tumor without evidence of luminal narrowing. Notice also the marked anterior displacement of the soft palate on the left as 
nicely seen as oblique position of the fat plane within the soft palate (arrowheads). G, genioglossus muscle; A, airway. 

 

Figure 114-2 A small lymphocytic lymphoma of the tonsil in an 83-year-old man. A, Axial contrasted CT image in a patient with small lymphocytic lymphoma shows a mass (black arrows) in the tonsillar fossa on the right with deep 
infiltration. The focal calcifications are often seen in normal tonsillar tissues, particularly if the patient has history of chronic tonsillitis. B, The contrasted axial CT image performed at the level of the hyoid bone shows a slightly enlarged 
lymph node at the junction of groups 2 and 3 on the right (white arrows) with focal areas of decreased density (arrowheads) suggestive of necrosis. Such an appearance is atypical for lymphoma but can be seen in very aggressive types of 
lymphoma, lymphomas in significantly immunocompromised patients, and after treatment. 



 

Figure 114-3 Low-grade T-cell lymphoma of the base of the tongue in a 65-year-old man. A, Contrast-enhanced axial CT image through the level of the tongue base shows significant hypertrophy of the lymphoid tissue (arrows), worse on 
the right, with signs of deep infiltration. B, In addition, there is an enlarged group 3 lymph node on the right (arrow on right) showing homogenous attenuation as typically seen in lymphoma. Notice the normal-sized group 3 lymph node on 
the left (arrow). Low-grade T-cell lymphoma in Waldeyer's ring is unusual. A, airway. 

 

Figure 114-4 Diffuse large B-cell lymphoma in an 8-year-old boy with AIDS. A, Axial contrasted CT image of a patient with AIDS reveals a huge mass (arrows) in the nasopharynx bilaterally, worse on the left. B, The bone window image 
at the similar level shows no signs of bone invasion despite the large tumor size. This is typical for lymphoma in contrast to squamous cell carcinomas of the nasopharynx. 



 

Figure 114-5 Diffuse large B-cell lymphoma in a 30-year-old woman with Sjögren's syndrome. Contrast-enhanced axial CT image through the parotid glands in a patient with Sjögren's disease demonstrates a large mass (T) in the right 
parotid gland. Almost the entire parotid gland is infiltrated. The deep extension of the mass displaces and partially obliterates the fat pad within the parapharyngeal space on the right (arrows on right) when compared to the left (small 
arrowheads on left). Notice the multinodular appearance of the parotid gland on the left (large white arrowhead) reflecting the typical appearance of the parotid gland in Sjögren's disease. 

 

Figure 114-6 Low-grade B-cell lymphoma of the orbit in a 74-year-old woman. Coronal (A) and axial (B) CT images performed after IV contrast administration illustrate a mass (M) in the upper midorbit in extraconal location. This mass is 
separate from the lacrimal gland (arrowheads in A) as seen by a thin preserved fat plane (arrow in A) between the mass (M) and the lacrimal gland (arrowheads in A). Notice also the preserved fat plane (arrows in B) between the lateral wall 
of the orbit and the mass itself. G, globe. 
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in thyroid lymphoma * and a strong association with prior Hashimoto's thyroiditis.[31] [33] [59] The median patient age at presentation is between 65 and 75 years. The most common histologic subtypes occurring in the thyroid are diffuse large cell 
and MALT.[23] T-cell lymphoma of the thyroid occurs primarily in Asia and appears to carry a worse prognosis. Most patients visit health care facilities exhibiting a painless mass in the thyroid region that grows rapidly, resulting in dysphagia, 
hoarseness, and dyspnea. Regional lymph node involvement is common, and about half of patients have abnormal thyroid function studies ( Figure 114-7 shows thyroid NHL). Early-stage MALT is treated with radiation therapy with 
expected freedom from relapse rates of more than 90%.[3] [42] [77] Localized diffuse large cell lymphomas are treated with chemotherapy and radiation therapy and have an expected freedom from relapse of 50% to 70%, depending on prognostic 
factors.[25] 

Sinonasal Lymphoma

Lymphoma accounts for approximately 10% of all sinonasal cancers [24] and, sinonasal lymphomas account for about 2% of all NHLs in the western world.[15] [16] [24] [67] In Asia, sinonasal lymphoma is more common, accounting for 7% of all 
NHLs, and it is more likely to 

 
Figure 114-7 Diffuse large B-cell lymphoma of the thyroid in a 62-year-old woman. The thyroid gland including the isthmus (arrowheads) is enlarged, inhomogeneous, and extending posteriorly into the tracheoesophageal grooves 
bilaterally (arrows). Focal areas of decreased enhancement are seen (N), possibly representing focal necrosis. T, trachea; E, esophagus. 



 

Figure 114-8 Diffuse large B-cell lymphoma of the ethmoid sinus in a 70-year-old woman. Coronal (A) and axial (B) T1-weighted images following gadolinium administration demonstrate a tumor (T) centered in the ethmoid air cells on the 
right extending the midline to the left (white arrows). Laterally, the tumor involved the medial aspect of the orbit (black arrows). 
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treated with chemotherapy and radiation therapy. Because of the particularly aggressive local course, radiation can be given concurrently or before chemotherapy in NK/T-cell lymphoma.[66] 

Nodes

Lymphoma can arise at any nodal site in the head and neck, including jugular, spinal accessory, submental and submandibular, facial, buccal, canine fossa, parotid, preauricular, postauricular, and occipital nodes. The most common 
histologies are follicular, diffuse large cell, and mantle cell. Tissue evaluation and staging are essentially the same for nodal presentations as for extranodal presentations. Treatment is determined by histologic subtype, stage, and IPI.

Other Sites

NHL may occur in any tissue containing lymphoid cells. Rare cases have been reported in the larynx ( Figure 114-9 ), buccal mucosa, and soft tissues of the face. In addition, some lesions may be neurotropic, infiltrating and thickening the 
nerve or depositing tumor nodules along the track of a nerve ( Figure 114-10a and Figure 114-10b ). [19] The skin may be the primary site for several broad categories of lymphoma, including indolent systemic cutaneous T-cell lymphomas (e.
g., mycosis 



 
Figure 114-9 MALT lymphoma of the larynx in a 58-year-old man. Contrasted axial CT images through the larynx in a patient with low-grade B-cell NHL demonstrate diffuse infiltration of the aryepiglottic folds (arrowheads). Other 
primary tumors, typically squamous cell carcinomas, are usually more focal. Endoscopic evaluation revealed that the tumor was submucosal in location. A, airway. 

 

Figure 114-10a MALT lymphoma of the masticator space in a 65-year-old man. Axial gadolinium-enhanced (A and B) and coronal fat-suppressed T2-weighted (C) images through the mid-face demonstrate a mass (T) centered in the 
masticator space on the right. Inferiorly, the mass also involves the buccal space seen as obliteration of the buccal fat pad (arrows in A) on the right when compared to the left. The tumor (T) partially infiltrates the lateral pterygoid muscle 
and shows no significant involvement of the medial pterygoid muscle; see the normal lateral (LPM) and medial (MPM) pterygoid muscles on the left side for comparison (A and C). 

 

Figure 114-10b The mass also extends along the posterior wall of the maxillary sinus—reflected as obscuration of the fat plane (arrows in B) on the right when compared with the left—into the pterygopalatine fossa (arrowhead in B). The 



involvement of the latter is clearly identified as obliteration of the fat plane within the pterygopalatine fossa by a soft tissue mass on the right when compared with the left (arrowheads in B). The tumor continues superiorly via the 
pterygopalatine fossa and inferior orbital fissure into the foramen rotundum to involve the second division of the trigeminal nerve on the right (white arrow in C). 

 
 
REFERENCES  
 
1. American Joint Committee on Cancer: AJCC cancer staging manual, ed 6. New York, Springer, 2002.  
 
2. Anderson LG, Talal N: The spectrum of benign to malignant lymphoproliferation in Sjogren's syndrome, Clin Exp Immunol 10:199–221, 1972.  
 
3. Aozasa K and others: Malignant lymphomas of the thyroid gland: analysis of 79 patients with emphasis on histologic prognostic factors, Cancer 58:100–104, 1986.  
 
4. Auw-Haedrich C and others: Long term outcome of ocular adnexal lymphoma subtyped according to the REAL classification. Revised European and American Lymphoma, Br J Ophthalmol 85:63–69, 2001.  
 
5. Aviles A and others: Treatment of non-Hodgkin's lymphoma of Waldeyer's ring: radiotherapy versus chemotherapy versus combined therapy, Eur J Cancer B Oral Oncol 32B:19–23, 1996.  
 
6. Bolek TW and others: Radiotherapy in the management of orbital lymphoma, Int J Radiat Oncol Biol Phys 44:31–36, 1999.  
 
7. Butler JS, Jr., Brady LW, Amendola BE: Lymphoma of the thyroid: report of five cases and review, Am J Clin Oncol 13:64–69, 1990.  
 
8. Chan JK and others: Most nasal/nasopharyngeal lymphomas are peripheral T-cell neoplasms, Am J Surg Pathol 11:418–429, 1987.  
 
9. Compagno J, Oertel JE: Malignant lymphoma and other lymphoproliferative disorders of the thyroid gland: a clinicopathologic study of 245 cases, Am J Clin Pathol 74:1–11, 1980.  
 
10. Costes-Martineau V and others: Anaplastic lymphoma kinase (ALK) protein expressing lymphoma after liver transplantation: case report and literature review, J Clin Pathol 55:868–871, 2002.  
 
11. Coupland SE and others: Lymphoproliferative lesions of the ocular adnexa: analysis of 112 cases, Ophthalmology 105:1430–1441, 1998. 

2588

 
 
12. Dunbar SF and others: Conjunctival lymphoma: results and treatment with a single anterior electron field; a lens sparing approach, Int J Radiat Oncol Biol Phys 19:249–257, 1990.  
 
13. Esmaeli B and others: Clinical presentation and treatment of secondary orbital lymphoma, Opthal Plast Reconstr Surg 18:247–253, 2002.  
 
14. Ezzat AA and others: Localized non-Hodgkin's lymphoma of Waldeyer's ring: clinical features, management and prognosis of 130 adult patients, Head Neck 23:547–558, 2001.  
 
15. Freeman C, Berg JW, Cutler SJ: Occurrence and prognosis of extranodal lymphomas, Cancer 29:252–260, 1972.  
 
16. Frierson HF, Jr, Mills SE, Innes DJ, Jr.: Non-Hodgkin's lymphomas of the sinonasal region: histologic subtypes and their clinicopathologic features, Am J Clin Pathol 81:721–727, 1984.  
 
17. Fuller LM and others: Significance of tumor size and radiation dose to local control in stage I-III diffuse large cell lymphoma treated with CHOP-Bleo and radiation, Int J Radiat Oncol Biol Phys 31:3–11, 1995.  
 
18. Garcia-Serra A and others: Carcinoma of the skin with perinerual invasion, Head Neck 25:1027–1033, 2003.  
 



19. Garcia-Serra A and others: Management of neurotropic low-grade B-cell lymphoma: report of two cases, Head Neck 25:972–976, 2003.  
 
20. Glass AG, Karnell LH, Menck HR: The National Cancer Data Base report on non-Hodgkin's lymphoma, Cancer 80:2311–2320, 1997.  
 
21. Glick JH and others: An ECOG randomized phase III trial of CHOP vs. CHOP + radiotherapy (XRT) for intermediate grade early stage non-Hodgkin's lymphoma (NHL) [abstract], Proc Annu Meet Am Soc Clin Oncol 14:391, 1995.  
 
22. Goldey SH and others: Immunophenotypic characterization of an unusual T-cell lymphoma presenting as anterior uveitis: a clinicopathologic case report, Arch Ophthalmol 107:1349–1353, 1989.  
 
23. Gospodarowicz MK, Sutcliffe SB: The extranodal lymphomas, Semin Radiat Oncol 5:281–300, 1995.  
 
24. Grau C and others: Sino-nasal cancer in Denmark 1982–1991: a nationwide survey, Acta Oncol 40:19–23, 2001.  
 
25. Ha CS, Shadle KM, Medeiros LJ: Localized non-Hodgkin lymphoma involving the thyroid gland, Cancer 91:629–635, 2001.  
 
26. Hanna E and others: Extranodal lymphomas of the head and neck: a 20-year experience, Arch Otolaryngol Head Neck Surg 123:1318–1323, 1997.  
 
27. Harris NL and others: A revised European-American classification of lymphoid neoplasms: a proposal from the International Lymphoma Study Group, Blood 84:1361–1392, 1994.  
 
28. Hatta C and others: Non-Hodgkin's malignant lymphoma of the sinonasal tract: treatment outcome for 53 patients according to REAL classification, Auris Nasus Larynx 28:55–60, 2001.  
 
29. Henderson JW, Banks PM, Yeatts RP: T-cell lymphoma of the orbit, Mayo Clin Proc 64:940–944, 1989.  
 
30. Hew WS and others: Primary T cell lymphoma of salivary gland: a report of a case and review of the literature, J Clin Pathol 55:61–63, 2002.  
 
31. Holm LE, Blomgren H, Lowhagen T: Cancer risks in patients with chronic lymphocytic thyroiditis, N Engl J Med 312:601–604, 1985.  
 
32. Holting C and others: Immunohistochemical reclassification of anaplastic carcinoma reveals small and giant cell lymphoma, World J Surg 14:291–294, 1990.  
 
33. Hyjek E, Isaacson PG: Primary B cell lymphoma of the thyroid and its relationship to Hashimoto's thyroiditis, Hum Pathol 19:1315–1326, 1988.  
 
34. Jaehne M and others: The clinical presentation of non-Hodgkin lymphomas of the major salivary glands, Acta Otolaryngol 121:647–651, 2001.  
 
35. Jaffe ES and others: World Health Organization classification of neoplastic diseases of the hematopoietic and lymphoid tissues: a progress report, Am J Clin Pathol 111:S8–S12, 1999.  
 
36. Jenkins C and others: Histological features of ocular adnexal lymphoma (REAL classification) and their association with patient morbidity and survival, Br J Ophthalmol 84:907–913, 2000.  
 
37. Junor EJ, Paul J, Reed NS: Primary non-Hodgkin's lymphoma of the thyroid, Eur J Surg Oncol 18:313–321, 1992.  
 
38. Kamath SS and others: The impact of radiotherapy dose and other treatment-related and clinical factors on in-field control in stage I and II non-Hodgkin's lymphoma, Int J Radiat Oncol Biol Phys 44:563–568, 1999.  
 
39. Kassan SS, Thomas TL: Increased risk of lymphoma in sicca syndrome, Ann Intern Med 89:888–892, 1978.  
 
40. Knowles DM and others: Lymphoid hyperplasia and malignant lymphoma occurring in the ocular adnexa (orbit, conjunctiva, and eyelids): a prospective multiparametric analysis of 108 cases during 1977 to 1987, Hum Pathol 22:959–973, 1990.  
 
41. Kumar S, Pruthi RK, Nichols WL: Acquired von Willebrand's syndrome: a single institution experience, Am J Hematol 72:243–247, 2003.  
 
42. Laing RW, Hoskin P, Hudson BV: The significance of MALT histology in thyroid lymphoma: a review of patients from the BNLI and Royal Marsden Hospital, Clin Oncol 6:300–304, 1994.  
 
43. Lindahl T and others: Relationship between Epstein-Barr virus (EBV) DNA and the EBV-determined nuclear antigen (EBNA) in Burkitt lymphoma biopsies and other lymphoproliferative malignancies, Int J Cancer 13:764–772, 1974.  
 
44. Link MP and others: Results of treatment of childhood localized non-Hodgkin's lymphoma with combination chemotherapy with or without radiotherapy, N Engl J Med 322:1169–1174, 1990.  
 
45. Logue JP and others: Primary malignant lymphoma of the thyroid: a clinicopathological analysis, Int J Radiat Oncol Biol Phys 22:929–933, 1992.  
 
46. Mannami T and others: Clinical, histopathological, and immunogenetic analysis of ocular adnexal lymphoproliferative disorders: characterization of malt lymphoma and reactive lymphoid hyperplasia, Mod Pathol 14:641–649, 2001.  
 
47. Margo CE, Mulla ZD: Malignant tumors of the orbit. Analysis of the Florida Cancer Registry, Ophthalmology 105:185–190, 1998.  
 
48. Matsuzuka F and others: Clinical aspects of primary thyroid lymphoma: diagnosis and treatment based on our experience of 119 cases, Thyroid 3:93–99, 1993.  
 
49. Mbulaiteye SM and others: Immune deficiency and risk for malignancy among persons with AIDS. J Acquir Imm Defic Synd 32:527–533, 2003.  
 
50. McNally L, Jakobeic FA, Knowles DM II: Clinical, morphologic, immunophenotypic, and molecular genetic analysis of bilateral ocular adnexal lymphoid neoplasms in 17 patients, Am J Ophthalmol 103:555–568, 1987.  
 
51. Mendenhall NP, Lynch JW, Jr.: The low-grade lymphomas, Semin Radiat Oncol 5:254–266, 1995.  



 
52. Miller TP and others: Chemotherapy alone compared with chemotherapy plus radiotherapy for localized intermediate- and high-grade non-Hodgkin's lymphoma, N Engl J Med 339:21–26, 1998.  
 
53. Miller TP and others: Three cycles of CHOP (3) plus radiotherapy (RT) is superior to eight cycles of CHOP (8) alone for localized intermediate and high grade non-Hodgkin's lymphoma (NHL): a Southwest Oncology Group study [abstract], Proc Annu Meet Am Soc Clin Oncol 15:411, 1996. 

2589

 
 
54. Moshous D and others: Partial T and B lymphocyte immunodeficiency and predisposition to lymphoma in patients with hypomorphic mutations in Artemis, J Clin Invest 111:381–387, 2003.  
 
55. Nakata M and others: Histology according to the Revised European-American Lymphoma Classification significantly predicts the prognosis of ocular adnexal lymphoma, Leuk Lymphoma 32:533–543, 1999.  
 
56. National Cancer Institute sponsored study of classification of non-Hodgkin's lymphomas: summary and description of a working formulation for clinical usage. The Non-Hodgkin's Lymphoma Pathologic Classification Project, Cancer 49:2112–2135, 1982.  
 
57. Niller HH and others: The in vivo binding site for oncoprotein c-Myc in the promoter for Epstein-Barr virus (EBV) encoding RNA (EBER) 1 suggests a specific role for EBV in lymphomagenesis, Med Sci Monit 9:HYI-9, 2003.  
 
58. A predictive model for aggressive non-Hodgkin's lymphoma: the International Non-Hodgkin's Lymphoma Prognostic Factors Project, N Engl J Med 329:987–994, 1993.  
 
59. Pederson RK, Pederson NT: Primary non-Hodgkin's lymphoma of the thyroid gland: a population based study, Histopathology 28:25–32, 1996.  
 
60. Poiesz BJ and others: Detection and isolation of type C retrovirus particles from fresh and cultured lymphocytes of a patient with cutaneous T-cell lymphoma, Proc Natl Acad Sci USA 77:7415–7419, 1980.  
 
61. Preciado MV and others: Epstein Barr virus-associated lymphoma in HIV-infected children, Pathol Res Pract 198:327–332, 2002.  
 
62. Pyke CM and others: Non-Hodgkin's lymphoma of the thyroid: is more than biopsy necessary? World J Surg 16:604–609, 1992.  
 
63. Quraishi MS and others: Non-Hodgkin's lymphoma of the sinonasal tract, Laryngoscope 110:1489–1492, 2000.  
 
64. Raderer M and others: Somatostatin-receptor scintigraphy for staging and follow-up of patients with extraintestinal marginal zone B-cell lymphoma of the mucosa associated lymphoid tissue (MALT)-type, Br J Cancer 85:1462–1466, 2001.  
 
65. Reske SN, Kotzerke J: FDG-PET for clinical use. Results of the 3rd German Interdisciplinary Consensus Conference, "Onko-PET III," 21 July and 19 September 2000, Eur J Nucl Med 28:1707–1723, 2001.  
 
66. Ribrag V and others: Early locoregional high-dose radiotherapy is associated with long-term disease control in localized primary angiocentric lymphoma of the nose and nasopharynx, Leukemia 15:1123–1126, 2001.  
 
67. Robbins KT and others: Primary lymphomas of the nasal cavity and paranasal sinuses, Cancer 56:814–819, 1985.  
 
68. Rosai J: Malignant lymphoma. In Rosai J, editor: Atlas of tumor pathology, tumors of the thyroid gland. Washington, DC, 2003, AFIP.  
 
69. Sandoval C, Swift M: Hodgkin disease in ataxia-telegiectasia patients with poor outcomes, Med Pediatr Oncol 40:162–166, 2003.  
 
70. Sasai K and others: Non-Hodgkin's lymphoma of the ocular adnexa, Acta Oncol 40:485–490, 2001.  
 
71. Saul SH, Kapadia SB: Primary lymphoma of Waldeyer's ring: clinicopathologic study of 68 cases, Cancer 56:157–166, 1985.  
 
72. Shields CL and others: Conjunctival lymphoid tumors: clinical analysis of 117 cases and relationship to systemic lymphoma, Ophthalmology 108:979–984, 2001.  
 
73. Simon R and others: The Non-Hodgkin Lymphoma Pathologic Classification Project: long-term follow-up of 1153 patients with non-Hodgkin lymphomas, Ann Intern Med 109:939–945, 1988.  
 
74. Skarsgard ED, Connors JM, Robins RE: A current analysis of primary lymphoma of the thyroid, Arch Surg 126:1199–1203, 1991.  
 
75. Takamura H and others: A case of orbital solitary fibrous tumor, Jpn J Opthalmology 45:412–419, 2001.  
 
76. Talal N, Sokoloff L, Barth WF: Extrasalivary lymphoid abnormalities in Sjogren's syndrome (reticulum cell sarcoma, "pseudolymphoma," macroglobulinemia), Am J Med 43:50–65, 1967.  
 
77. Thieblemont C and others: Primary thyroid lymphoma is a heterogeneous disease, J Clin Endocrinol Metab 87:105–111, 2002.  
 
78. Tsang RW, Gospodarowicz MK: Non-Hodgkin's lymphoma. In: Gunderson LL, Tepper JE, editors: Clinical radiation oncology. Philadelphia, 2000, Churchill Livingstone, pp 1158–1188.  
 
79. Tuaillon N, Chan CC: Molecular analysis of primary central nervous system and primary intraocular lymphomas, Curr Mol Med 1:259–272, 2001.  
 
80. Varoczy L and others: Malignant lymphoma-associated autoimmune diseases: a descriptive epidemiological study, Rhuematol Int 22:233–237, 2002.  
 
81. White WL and others: Ocular adnexal lymphoma: a clinicopathologic study with identification of lymphomas of mucosa-associated lymphoid tissue type, Ophthalmology 102:1994–2006, 1995.  
 



82. Wirth A and others: Fluorine-18 fluorodeoxyglucose positron emission tomography, gallium-67 scintigraphy, and conventional staging for Hodgkin's disease and non-Hodgkin's lymphoma, Am J Med 112:262–268, 2002.  
 
83. Wolf BC and others: Immunohistochemical analysis of small cell tumors of the thyroid gland: an Eastern Cooperative Oncology Group study, Hum Pathol 23:1252–1261, 1992.  
 
84. Wotherspoon AC and others: Primary low-grade B-cell lymphoma of the conjunctiva: a mucosa-associated lymphoid tissue type lymphoma, Histopathology 23:417–424, 1993.  
 
85. Zulman J, Jaffe R, Talal N: Evidence that the malignant lymphoma of Sjogren's syndrome is a monoclonal B-cell neoplasm, N Engl J Med 299:1215–1220, 2003.  
 

2590

Chapter 115 - RADIATION THERAPY AND MANAGEMENT OF THE CERVICAL LYMPH NODES

Bernard Cummings 
John Kim 
Brian O'Sullivan 

INTRODUCTION

Management of the regional lymph nodes is integral to the overall treatment of malignant tumors of the head and neck. This chapter considers several aspects of radiation therapy specific to management of the lymph nodes. Many of the 
concepts described were established several decades ago on the basis of the findings of clinical examination and standard histopathologic sectioning of nodes removed surgically. The rapid evolution over the past decade of anatomic and 
functional imaging, and histopathology and molecular pathology, has provided new insights into many aspects of neck node management, although there has not yet been time to assess fully the impact of these new techniques. There has also 
been major progress in the technical aspects of radiation treatment, allowing revision of long-established concepts of the tolerance of normal tissues to radiation and permitting consideration of the delivery of higher and more effective 
radiation doses.

ANATOMY AND PATHOLOGY

When considering management of the cervical lymph nodes, it is essential to understand the normal anatomic distribution of nodes, the pattern of metastases associated with different malignancies, and the difficulties in determining whether 
nodes are involved by metastatic cancer. Also, certain features peculiar to lymph node metastases may affect prognosis and influence the choice of management.

Normal Anatomic Patterns

Approximately one-third of the more than 500 lymph nodes in the body lay above the clavicles. The lymphatics and nodes are found within the cellular and fatty connective tissue around the muscles, neurovascular structures, and organs. 
The pathways of lymph flow have been studied directly by techniques such as lymphography [61] [102] and indirectly by review of the patterns of lymph node metastases observed in cancers arising in different sites.[31] [109] [125] [165] In general, malignant 
tumors that arise laterally, away from the midline, spread to ipsilateral lymph node groups. However, tumors that arise at or close to the midline and those originating anywhere in the nasopharynx or posterior third of the tongue may spread 
contralaterally as a result of the patterns of development and lymphatic flow determined in the embryo.[61] If normal pathways are interrupted, abnormal patterns of node metastases may occur. Some structures, such as the vocal cords and the 
mucosal lining of the paranasal sinuses, have few lymphatics.

In the lymphographic studies, deep lymphatic vessels underneath the superficial cutaneous fascia in the retroauricular region[61] or lymphatics in the tongue or floor of the mouth[102] were cannulated and injected. The investigative procedure of 
sentinel node biopsy uses injection of tracer substances closely adjacent to the tumor.[168] Lymphography shows that the normal pattern of lymph flow in the neck is downward and medial[61] ( Figure 115-1 ). Lymphography and neck dissection 
specimens identify a group of 20 or more lymph nodes in the upper neck near the angle of the jaw. This group constitutes a junctional area from which lymph flows downward in the neck to nodes along the jugular vein and spinal accessory 
nerve. This junctional node group receives the regional drainage from much of the nasopharynx, oropharynx, and upper part of the larynx and hypopharynx. These nodes receive the efferent lymphatic vessels from the circle of lymph nodes 
that lie where the head and neck merge (this circle includes the submental, submandibular, retropharyngeal, parotid, retroauricular,
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Figure 115-1 Cervical lymph flow as visualized by lymphography. A, Anteroposterior projection. B, Lateral projection. (From Fisch U: Lymphographische untersuchungen uber das zervikale Lymphsystem, Basel, 1968, S. Karger.) 



 

TABLE 115-1 -- COMPARISON BETWEEN THE TNM ATLAS TERMINOLOGY AND THE REVISED ROBBINS' CLASSIFICATION OF THE LYMPH NODES OF THE NECK

TNM Atlas (1992) Robbins' Classification (2002)

Group number Descriptor Level Descriptor

•1 Submental IA Submental

•2 Submandibular IB Submandibular

•3 Cranial jugular IIA (anterior) Upper jugular

  IIB (posterior) Upper jugular

•4 Medial jugular III Middle jugular

•5 Caudal jugular IV Lower jugular

•6 Dorsal cervical along the spinal accessory nerve VA (superior) Spinal accessory

•7 Supraclavicular VB Transverse cervical and supraclavicular

•8 Prelaryngeal and paratracheal VI Anterior compartment

•9 Retropharyngeal   

10 Parotid   

11 Buccal   

12 Retroauricular and occipital   

Modified from Gregoire V and others: Radiother Oncol 56:135, 2000.
 
 

TABLE 115-2 -- DISTRIBUTION OF CLINICAL METASTATIC NECK NODES FROM HEAD AND NECK SQUAMOUS CELL CARCINOMA

Tumor Site Patients with N+ (%) Distribution of Metastatic Lymph Nodes per Level (percentage of the node-positive patients)

  I II III IV V

Oral cavity (n = 787) 36 42/3.5 * 79/8 18/3 •5/1 •1/0

Oropharynx (n = 1479) 64 13/2 81/24 23/5 •9/2.5 13/3

Hypopharynx (n = 847) 70 •2/0 80/13 51/4 20/3 24/2

Supraglottic larynx (n = 428) 55 •2/0 71/21 48/10 18/7 15/4

Nasopharynx (n = 440) 80 •9/5 71/56 36/32 22/15 32/26

Adapted from Gregoire V and others: Radiother Oncol 56:135, 2000.
*Ipsilateral/contralateral nodes. 

 
 
 
cases) and posterior wall oropharyngeal or hypopharyngeal cancers (approximately 25%), predominantly in patients with more advanced primary cancers and node metastases elsewhere in the neck.[43] [136] 

Although clinical observation suggests that metastatic involvement of the various lymph node regions usually progresses from superior to inferior in the neck, lymph node groups may be bypassed even on normal lymphography.[61] [102] 
Discontinuous, or "skip," patterns of metastases were described in from 3% (2 of 64)[175] to 10% (9 of 90)[30] of patients below dissected areas that were pathologically node negative.



The risk of lymph node involvement by metastatic squamous cell carcinoma varies according to the site of origin, size, and histologic grade of the primary tumor. For most sites in the oral cavity, soft palate, glottic larynx, nasal cavity, and 
paranasal sinuses, the risk increases as the size of the primary tumor increases.[32] [109] The association between the size of the primary tumor and nodal status is not so pronounced for other sites. For primary carcinomas of the oropharynx, the 
risk of lymph node involvement is 50% or more, and the likelihood of nodal disease increases only moderately as the primary cancer enlarges.[15] [109] Carcinomas of the supraglottic larynx, hypopharynx, and nasopharynx are associated with a 
progressively greater risk of lymph node metastases (approximately 50%, 75%, and 85%, respectively), and even small primary carcinomas arising in these sites are frequently accompanied by lymph node metastases.[109] 

Review of both therapeutic and elective radical neck dissection specimens shows that the patterns of
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nodal metastases generally mirror those found by clinical examination. Gregoire and others[82] analyzed several publications from the Memorial Sloan-Kettering Cancer Center.[37] [38] [164] [165] In patients who underwent therapeutic neck dissection, 
there was typically pathologic infiltration of one nodal level beyond that apparent clinically. This subclinical infiltration was found most frequently in distal node groups, but up to 15% of clinical N0 patients with oropharyngeal cancers had 
involvement of submandibular (level I) nodes, suggesting retrograde spread, and similar patterns of limited retrograde spread were observed for other primary tumor sites.

Assessment of the Neck Nodes

Errors in assessing the status of the cervical nodes may arise from several causes. Normal lymph nodes vary in size from 0.1 to 3 cm.[56] [57] Sako[160] suggested that the lower limit of palpability for a lymph node is approximately 0.5 cm in 
diameter in superficial areas of the neck and 1 cm in deeper areas. The limits of resolution of currently available techniques of CT scanning, MRI, and ultrasonography are in the range of 0.5 to 1 cm.[40] Although improvements in imaging 
have increased the detection of node metastases, the criteria of abnormality, typically size, the appearance of necrosis, abnormalities of contrast enhancement, and evidence of extracapsular spread still lack the precision of histopathologic 
examination.[179] However, even histologic examination of the nodes is not free from potential error. Sampling errors, insensitive histopathologic techniques, and skip metastases are possible explanations why 4% to 8% of patients have tumor 
recurrence in the neck after nodal dissection, although no carcinoma was identified on histologic examination of radical neck dissection specimens.[51] [52] 

By use of traditional histopathologic techniques, histologically positive nodes have been found in from 4%[22] to 60%[111] (usual range, 20%–40%) when the neck was considered negative on palpation. In one series,[52] a clinically negative neck 
was equally likely to contain multiple histologically positive nodes (13%) and a single positive node (16%). Not all enlarged nodes harbor metastatic cancer, although fewer false-positive results occur (8%–35%) than false-negative results.[22] 
[160] The rate of false-positive results decreases when lymph node masses are larger than approximately 3 cm.[69] DeSanto and others[52] found that 14% (49 of 359) of patients with a single enlarged node and 4% (8 of 188) of those with multiple 
clinically abnormal nodes had negative histologic findings. In the series reviewed by Gregoire and others,[82] the overall sensitivity and specificity of the clinical examination of the neck (not augmented by modern imaging techniques) was 
85% and 62%, respectively. Serial sections, [193] immunohistochemical, and molecular pathology techniques[168] [179] may disclose small deposits of cancer in nodes that would otherwise be overlooked. In one typical study, micrometastases 
(defined as <3 mm) were found in 21 of 96 (22%) elective neck dissection specimens.[179] In 9 of the 36 (25%) tumor-positive specimens, and 9 of the 96 (9%) specimens overall, only micrometastases were found. The clinical significance of 
micrometastases in lymph nodes discovered during neck dissection, or by sentinel node biopsy techniques, remains uncertain, and many studies are in progress. When micrometastases are included in the statistics for sentinel node biopsy in 
head and neck cancer, the overall sensitivity of this technique is said to be approximately 90%, similar to that of staging neck dissection.[159] [168] 

The staging of neck node metastases at this time is divided broadly into clinical and pathologic classifications.[79] [171] There are, as yet, insufficient data from newer imaging and pathologic techniques to allow development of a "minimum" set 
of required evaluations. Accordingly, there is considerable variation in the information used to stage patients, both within and between treatment centers. It must be assumed that substantial "stage shifting" is occurring. Any comparisons 
between the series discussed in this chapter, particularly between current and older series, should be made with more than the usual circumspection attached to such comparisons.

Prognostic Factors

Prognosis correlates with the presence or absence of lymph node metastases and is invariably worse for all primary tumor sites when lymph nodes are involved. As noted earlier, the significance of micrometastases is not established. Clinical 
staging systems most commonly subdivide lymph node metastases according to size (currently at 3 cm and at 6 cm) and whether the metastatic nodes are unilateral or bilateral, single or multiple, and by location in the neck. For head and 
neck squamous cell cancers and adenocarcinomas, the definition of the nodal (N) staging categories is the same for all head and neck sites except nasopharynx and thyroid. [79] [171] This likely reflects a lack of relevant data rather than true 
uniformity of biologic behavior of metastases arising from different primary cancer sites.

Histopathologic features with prognostic discriminative value have also been described, including in particular extranodal extension of cancer, the presence of which significantly worsens the prognosis, particularly for recurrence in the neck 
and for survival ( Table 115-3 ). Cachin[32] [33] found capsular rupture
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TABLE 115-3 -- CORRELATION BETWEEN LYMPH NODE INVOLVEMENT AND CLINICAL COURSE OF CARCINOMA OF THE UPPER RESPIRATORY AND DIGESTIVE TRACTS

 N- N+ N+R- N+R+

3-Year survival * 65% 25% 33% 16%

Primary tumor recurrence † 20% 19% 19% 19%

Neck recurrence † 14% 22% 14% 27%

Distal metastases † 4% 10% 8% 11%

Total recurrence † 38% 51% 41% 57%

Adapted from Cachin Y and others: Otolaryngol Clin North Am 12:145, 1979.



N, Lymph node; R, capsular rupture; -, absent; +, present.
*Based on 601 cases. 
†Based on 944 cases. 

 
 
 
with carcinomas of all sites and with all grades of squamous cell carcinomas. Rupture in even a single node was as significant as rupture in multiple nodes. Extension of cancer outside the lymph node was found in 40% of histologically 
involved nodes <2 cm in size and in 80% of those 4 cm or more. Capsular rupture has also been found in up to 16% (18 of 109) of patients with clinically negative necks who had elective node dissection.[3] Carter and others [39] found that the 
risk of recurrence in the neck was nearly 10 times greater in patients with macroscopic transcapsular tumor spread than in those with microscopic or no extracapsular extension. Some have measured the extent of extracapsular spread in 
millimeters and have reported worse prognosis with extension >2 mm.[60] [80] 

In a multifactorial study of 1330 patients, it was found that, irrespective of T classification, the presence of extracapsular tumor extension, of three or more positive lymph nodes, or of lymph node involvement in level IV had a similar impact 
on prognosis, with a risk of nodal recurrence two times higher and a risk of distant metastases three times higher compared with patients without one of these three features of nodal involvement.[106] 

Reviewers of large databases suggest that the probability of control of the primary tumor decreases as the extent of cervical node metastases increases. However, in general, more extensive nodal metastases are associated with larger primary 
tumors.[17] [114] [119] [187] Other prognostic factors associated with lymph node metastases include the observation that necrotic nodes are less chemoresponsive and radioresponsive,[126] presumably because of poor blood supply and hypoxia. Direct 
measurement of oxygen levels has shown that nodes that were poorly oxygenated before irradiation were more likely to contain apparently viable residual tumor cells at later neck dissection. [27] Also, there was a significant correlation 
between the median measured PO2 of primary tumors and their neck metastases.[21] Locoregional failure was more common in patients in whom the median of the measured PO2 values was <2.5 mm Hg.[131] 

Several molecular markers of potential prognostic value have been identified, although the relative importance of assay of these markers in the primary tumor and in metastatic nodes is not yet known.[151] [156] [180] 

ADVANCES IN TECHNICAL RADIATION THERAPY AND RADIATION RESPONSE MODIFYING DRUGS

There have been substantial advances in engineering and computing over the past two decades that have led to improvements in radiation dose distribution within the body. As a result, many of the limitations of the techniques with which the 
clinical results described in this chapter were achieved have now been overcome. It is anticipated that the morbidity of treatment of the cervical nodes will decrease, and the effectiveness of radiation treatment will improve. The introduction 
of three-dimensional (3D) conformal techniques, intensity-modulated radiation therapy (IMRT), and other techniques still in development has allowed relative sparing of the parotid salivary glands, such that permanent xerostomia need no 
longer be an inevitable accompaniment of the treatment of many head and neck cancers.[54] An example of the radiation dose distributions achievable is shown in Figure 115-2 . Because critical structures can now be excluded with confidence 
from the high-dose radiation volume, studies to confirm the anticipated effectiveness of higher tumor doses can be undertaken.[108] 

In parallel to these technical advances is the development of drugs that act as radiation protectors of normal tissue, thereby reducing morbidity and possibly allowing the delivery of higher radiation doses. Although none of these drugs is yet 
in general clinical use, the prototype, amifostine, has shown the potential for pharmacologic manipulation of radiation response.[5] [149] There have also been extensive studies of concurrent radiation and cytotoxic chemotherapy protocols, and 
although it remains unclear whether most drugs simply provide additional cytotoxicity or act also as radiosensitizers, this is a major field of current research.[149] 

SQUAMOUS CELL CARCINOMAS

Elective Irradiation of Clinically Normal Lymph Nodes

Elective regional lymph node irradiation (ENI) is used frequently because of the relatively high incidence of

2595

 
Figure 115-2 Line drawing of axial-computed tomography plan for intensity-modulated radiation treatment of a stage T2 N0 cancer of the tonsil. The dose to the primary tumor is 6600 cGy; the dose to the lymph node regions is 5400 cGy; the 
dose to the parotid glands is <2600 cGy; the dose to the spinal cord is <4500 cGy. 



 

TABLE 115-4 -- THE RISK OF LYMPH NODE METASTASES IN PATIENTS WITH SQUAMOUS CELL CARCINOMA

Site Node Positive at Presentation (%) Node Negative Followed by Node Positive (%) if Not Treated * 

Nasopharynx Oropharynx 77–90 50

Soft palate 37–56 16–25

Tonsillar fossa 58–76 13–40

Base of tongue 50–83  

Pharyngeal walls 50–71  

Hypopharynx Oral cavity 52–72 33

Lip 1–2 5–7

Buccal mucosa 9–42 16–30

Floor of mouth 30–59 20–35

Oral tongue 13–65 38–52

Gingiva 18–52 17

Hard palate 13–36  

Retromolar trigone (faucial pillar) Larynx 39–56  

Supraglottic 31–54 33

Glottic 7–12  

Subglottic 10  

Paranasal sinuses Nose 10–17 9–17

Nasal cavity 10–13 5

Nasal vestibule 6 5

Adapted from Mendenhall WM and others: Int J Radiat Oncol Biol Phys 14:249, 1988; additional data from Chung CK and others: Int J Radiat Oncol Biol Phys 5:191, 1979; Fitzpatrick PJ: J Otolaryngol 13:32, 1984; Fletcher GH: 
Textbook of radiotherapy, ed 3, Philadelphia, Lea & Febiger, 1980; Harwood AR and others: Int J Radiat Oncol Biol Phys 5:899, 1979; Jorgensen K and others: Acta Radiol; Ther Phys Biol 12:177, 1973; Payne DG: J Otolaryngol 
12:197, 1983; Pietrantoni L and others: Laryngoscope 52:151, 1962; Ratzer ER and others: Am J Surg 119:294, 1970; Robin PE, Powell DJ: J Laryngol Otol 94:301, 1980; Strong EW: Cancer Treat Symp 2:5, 1983; Vegers JWM and 
others: Arch Otolaryngol Head Neck Surg 105:192, 1979; Wong CS, Cummings BJ: Acta Oncol 27: 203, 1988.

*Includes patients with uncontrolled primary carcinoma in some series. 



 
 
 
power to evaluate all relevant end points adequately. Pointon and Gleave[150] compared ENI with observation and therapeutic neck dissection. The management of the neck was randomly determined in patients with oral cavity carcinomas after 
radiotherapy for the primary cancer. In those who received ENI, the ipsilateral neck nodes received 5000 cGy in 15 fractions in 3 weeks. At 2 years, the failure rate in the neck was 20% in the 100 patients in the ENI group compared
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with 35% in the 105 patients managed by observation and therapeutic neck dissection. This difference was not statistically significant. The 2-year survival rate in each group was approximately 75%. Vandenbrouck and others[181] treated 
primary carcinomas of the oral tongue in 75 patients with radiation. Six weeks later, the patients were randomly assigned to elective or therapeutic radical neck dissection. When nodes were positive on histologic examination, postoperative 
radiotherapy was given to the neck. In the group managed by elective dissection, 19 of 39 (49%) had histologically positive nodes. In those treated by therapeutic dissection, nodes became enlarged in 19 of 36 patients and were histologically 
abnormal in 17 (47%). The rate of lymph node capsular rupture increased from 13% in those who underwent elective surgery to 25% in the therapeutic dissection group, but this normally poor prognostic feature was not reflected in the 
survival rates, which were almost identical in the two groups. These two trials suggest that if patients remain under regular observation so that therapeutic dissection can be carried out without delay, there may be no survival advantage to 
elective treatment of the neck nodes. The early results of a third randomized trial in India, in which prophylactic and therapeutic neck dissection were compared in 98 patients with early stage carcinoma of the oral tongue, favored 
prophylactic dissection,[58] but a final report on this trial has not been published. Despite the two negative trials described, opinion in many centers favors elective treatment of negative neck nodes for a variety of reasons, including possible 
difficulty in achieving control of enlarged nodes and an association of distant metastases and clinical node metastases.

When an expectant policy is followed, from 25% to 35% of patients will have clinical metastases in neck nodes. It has been estimated that two-thirds of these patients will achieve control in the neck by treatment at that time. This suggests 
that even in patients who attend for regular reviews, the risk of uncontrolled neck disease after a policy of therapeutic rather than elective treatment is approximately 8% to 12%, or about twice that of elective treatment. Many authors also 
consider that the procedures required to manage clinically detectable nodes are often associated with greater morbidity than those of elective procedures performed in the absence of enlarged nodes. The counter arguments to elective 
treatment include the morbidity and financial costs of treatment of the two-thirds of patients who do not have subclinical node metastases.

The presence of clinically detectable nodes in the neck is associated with an increase in the incidence of distant metastases,[107] and it has been suggested, although not proven, that eradication of neck node metastases at the earliest possible 
time may reduce the risk of distant failure. Jesse and others[95] found distant metastases in 11% of patients who had late node metastases develop after being seen with a clinically negative neck compared with only 3% in patients who were 
seen with a single enlarged neck node at the time of initial treatment of the primary tumor and neck and did not experience later recurrence in the neck.

In a review of the surgical literature, Nahum and others[128] concluded that the possible benefits of elective neck dissection had not been clearly defined and that, in most cases, no more that 5% of patients would benefit from elective neck 
dissection. The mortality attributed to neck dissection is from 1% to 3%.[103] [128] [145] In the many reports of nonrandomized series, opinions on the merits of elective dissection vary widely. Farr and Arthur[59] reported a 5-year survival rate of 33% 
in patients with histologically positive nodes at the time of elective dissection, a rate similar to what they found in patients with ipsilateral clinically positive nodes at presentation and in patients in whom clinical node involvement became 
evident after initial management. However, Lee and Krause[103] described a 48% 5-year survival rate in patients with positive lymph nodes at elective radical neck dissection compared with 33% after therapeutic dissection of node metastases 
diagnosed at first presentation and 33% after secondary dissection of late-developing nodes. Piedbois and others[145] reported a series of 233 patients with early stage oral cavity cancer. Ten-year survival was 37% in the 110 patients who 
underwent elective neck dissection, and 31% of the 123 followed expectantly, of whom 21 (17%) relapsed in the neck and were treated at that point. Multivariate analysis showed that the patients in the elective neck dissection group had a 
significantly lower probability of death from cancer.

The choice of elective nodal irradiation assumes that ENI is at least as effective as elective lymph node dissection and is not associated with any greater morbidity. In the case of radiotherapy, it is anticipated that early elective treatment 
should be more effective because there are fewer tumor cells, and conditions associated with reduced effectiveness of radiation, such as extracapsular spread and tissue hypoxia, become more common as nodes grow.

Elective neck irradiation has been found to reduce late relapse in initially clinically negative regions of the neck in two situations. First, when the patient is seen without clinical lymph node metastases and, after ENI, never had node failure 
develop. Second, in patients who are seen with one or more abnormal nodes, and whose initial management includes ENI to the clinically uninvolved areas of the neck, no further
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cancer is seen in cervical node groups that were clinically free of disease at first presentation.

The decision to recommend ENI depends in part on how the primary cancer is to be managed and whether the patient is considered to be at significant risk of nodal metastasis. It is often suggested that a single treatment modality be used for 
both primary tumor and lymph nodes when possible for patient convenience and economic reasons, although this is not essential. What constitutes a "significant risk" remains a matter of physician preference. Weiss and others[190] developed a 
decision analysis model for planning a management strategy for the stage N0 neck. They concluded that treatment of the neck was warranted if the probability of node metastasis was >20%. However, Gregoire and others[82] considered that this 
level was too high and that in most European centers the neck would be treated electively when the probability of occult metastases was >5% to 10%. A guideline grid to the risk of nodal metastases for the more common primary sites is 
shown in Figure 115-3 . Many centers would include at least some category T1 cancers, shown as "low risk" in the grid, in ENI protocols, and most would include all intermediate [4] and "high-risk" cancers.

Selected results of ENI in patients who had no clinically abnormal nodes at presentation are shown in Table 115-5 . None of these studies was randomized, various primary tumor sites and stages were included, and the neck was subjected to 
differing doses of radiation. However, 

 
Figure 115-3 Grid showing risk of subclinical lymph node metastases for various primary sites by T category. 



 

TABLE 115-5 -- EFFECT OF ELECTIVE IRRADIATION ON INCIDENCE OF LATE NECK NODE METASTASES IN PATIENTS WITH INITIALLY CLINICALLY NEGATIVE NODES

Study Sites Radiation Dose (cGy)
Entire Ipsilateral or Bilateral Neck 
Irradiation (n) Partial Neck Irradiation (n) No Neck Irradiation (n)

Horiuchi and Adachi[91] * Oral tongue 4000/3–4 weeks - 1/21 6/16

Barkley and others[12] † Supraglottic larynx, hypopharynx 
tonsillar fossa, base of tongue

>5000–6000/5–6 weeks 1/24 3/54 16/29

  >6000/6 weeks plus 5000/5 weeks in lower neck 0/26 10/31 -

Bataini and others[20] † Supraglottic larynx 5000–5500/5 weeks 1/66 - -

Million[124] Oral tongue, floor of mouth 4500–5000/5 weeks - 0/9 2/8

  2000–3000/2–3 weeks  6/16  

Goffinet and others[76] ‡ Oral cavity, tonsil, posterior tongue, 
supraglottic region

5500/5 weeks 13/87 7/53 7/18

Rabuzzi and others[152] † Oral cavity, oropharynx 
hypopharynx, larynx, nasopharynx

5000/5 weeks 5/126 - -

Decroix and Ghossein[51] † Oral tongue >4.5 cm 5000/5 weeks 7/50 - -

Mantravadi and others[113] † Oral cavity, oropharynx, 
hypopharynx, larynx, nasopharynx

55 patients - 2/154 -

  ••<5000/5 weeks    

  ••132 patients    

  ••>5000/5 weeks -   

Meoz and others[121] † Oral tongue 2000/1 week - 9/27 -

  5000/5 weeks 2/13 10/30  

Mendenhall and others[118] † Oral cavity, oropharynx, 
hypopharynx, larynx, nasopharynx

>4500–7000/5–8 weeks 2/74 6/88 6/28

   18/379 46/409 24/65

   5% 11% 37%
*Primary tumor status not given. 
†Primary tumor controlled. 
‡Primary tumor not controlled in 18 of 20 irradiated patients. 

 
 
 
Contralateral lymph node metastases developed in only 3% (8 of 237) of patients who received bilateral neck irradiation compared with 25% (53 of 215) of patients who had unilateral nodes from primary carcinomas in similar sites but were 
not managed with ENI.[12] [65] Berger and others[22] described node metastases in new areas of the neck in 13% (22 of 163) of patients who underwent ENI to part of neck but in only 3% (7 of 227) in whom the entire neck was irradiated. These 
results are not an indication that bilateral irradiation to the entire neck is always necessary. O'Sullivan and others[137] found that treatment of



2599

selected well-lateralized cancers of the tonsil with homolateral radiation techniques did not increase significantly the risk of failure in the contralateral neck (contralateral node relapse in 0 of 133 N0 and 5 of 56 N1 cases). Analysis of tumor 
failure patterns suggests that extending radiation volumes to include the mediastinal lymph nodes is not advantageous.[123] The results of the few randomized trials that have attempted to study the relative merits of ENI to different volumes of 
the neck are not widely accepted. In a small randomized trial in Hong Kong of patients with stage I (T1 N0 ) nasopharyngeal cancers, no patient relapsed in the neck when the upper neck had not been irradiated, and only 1 of 34 relapsed after 
ENI.[90] However, most North American and European centers recommend ENI to the entire neck in all patients with nasopharyngeal cancer, including those with stage I disease.

The most effective radiation dosage for ENI has not been studied systematically. However, analysis of results such as those in Table 115-5 has led to the recommendation of doses in the range of 4500 to 5000 cGy in 4.5 to 5.5 weeks.[194] There 
is some uncertainty about the minimum effective dose, but doses <3000 cGy in 3 weeks to 4000 cGy in 4 weeks seem to be relatively ineffective.[91] [124] 

Elective irradiation of the neck nodes is accompanied by little morbidity apart from damage to the salivary glands. Significant xerostomia is usually seen only after bilateral irradiation of primary nasopharyngeal or oropharyngeal cancers. 
Recently developed techniques such as 3D conformal treatment and IMRT[54] have shown that the incidence of xerostomia can be greatly reduced without compromise in tumor control rates.

Few data exist on the possible influence of ENI on survival. Most publications do not allow analysis of this important end point. Although multivariate analysis of some retrospective series indicates a survival advantage after elective 
management of the neck,[49] the suggestion that ENI changes only the pattern of disease and not survival has not been refuted.

Management of a patient treated with ENI who subsequently has recurrence of the primary cancer is not compromised. It is presumed that the cervical nodes are at risk of reseeding by cancer, and the possibility of late regrowth in the neck of 
cancer cells not sterilized by the initial course of ENI cannot be excluded. There is some evidence that the risk of cervical node metastases from a recurrent primary cancer is decreased in patients who have previously had ENI.[120] It is usually 
advisable to perform neck dissection together with resection of the recurrent primary cancer, even in patients who remain clinically free of node metastases.

Therapeutic Irradiation of Cancerous Lymph Nodes

For most primary tumors in the head and neck, the relative 5-year survival rate in the United States when clinically detectable cervical nodes were present at diagnosis was for many years only approximately 20% to 35%.[169] Advances in 
modern diagnosis and treatment have improved relative overall survival to approximately 40%, but most patients still die of their disease.[81] The recognition that no inherent major differences exist in radioresponsiveness and radiocurability 
between the primary carcinoma and its lymph node metastases led to the use of megavoltage radiotherapy as the sole method of management of cervical node metastases in some patients, although, more commonly, it was combined with 
neck dissection. Recent advances in multimodality treatment, incorporating varied combinations of altered radiation fractionation, cytotoxic chemotherapy, and surgery will potentially lead to further improvements in survival and 
locoregional control rates.

Radiation Alone

Wizenberg and others[196] reported the successful use of radiation in 113 patients, all of whom had histologic proof of lymph node involvement on needle biopsy. The overall control rate for the primary tumor and nodes was 52%; failure 
occurred in the lymph nodes alone in 8%. Similarly, Hanks and others[83] failed to control large, multiple, or fixed lymph nodes in only 1 of 69 patients when the primary tumor was controlled. These and other early studies showed that 
radiation could successfully sterilize some lymph node metastases.

Radiation doses similar to those used for the primary carcinoma are required to treat grossly involved lymph nodes. Fewer than 10% of enlarged nodes were controlled by 4000 cGy in 3 to 4 weeks.[91] Fewer than 50% of single nodes of 3 cm 
or less in diameter were controlled with 5000cGy in 5 weeks.[133] Ninety percent were controlled by a dose equivalent to 6500 cGy in 6 weeks, with no apparent increase in control above that level.[18] [163] Bernier and Bataini[23] examined dose/
response relationships in cervical node metastases from oropharyngeal, hypopharyngeal, and lateral epilaryngeal cancers. There was no clear-cut dose-control relationship for nodes <3 cm with doses from 5500 to 8000 cGy in 6 weeks. The 
overall control rate was 90% (498 of 551). For nodes 3 to 6 cm in diameter, control was achieved in 86% (77 of 90) with doses of 7000 to 8500 cGy in 6 weeks, and 65% (9 of 14) with <7000 cGy. For nodes >6 cm, the control rate was about 
75% (32 of 43) for doses more than 7500 cGy, and 50% (10 of 20) for doses from 5500 to 7500 cGy in 6 weeks. However, although Bataini and
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others[16] [17] successfully used high-dose radiation to eradicate neck metastases and reported neck surgery could be performed after such doses without undue morbidity, the risks of surgical complications after very high radiation doses 
prompted most centers to manage patients with large nodes with from 5000 cGy in 5 weeks to 7000 cGy in 8 weeks (a less intense schedule than the same dose in 6 weeks) followed by neck dissection. This policy of planned surgery after 
radiation for patients who have clinical node metastases is being reevaluated in light of the demonstrated effectiveness and tolerability of high doses delivered by modern techniques.[112] [144] The role of planned surgery with altered fractionation 
radiotherapy schedules or chemoradiation requires further evaluation.

Central to any reliance on radiation alone to eradicate metastatic nodes is confidence in the accuracy of techniques used to assess the neck after irradiation. Several groups have studied the rate of regression of cervical nodes after radiation. 
Bataini and others[16] found that the clearance rate of the primary tumor was significantly higher than that for the nodal metastases at the completion of radiotherapy, but that the percentage of cases with residual disease at the primary or nodal 
sites was almost the same 2 months after treatment. The larger the node, the slower the observed clearance rate. At 2 months after radiation, 83% of nodes (422 of 507) <3 cm had regressed completely compared with 63% of nodes (94 of 
148) 3 to 6 cm in size, and 45% of nodes (30 of 67) >6 cm. Postradiation fibrosis may make clinical evaluation difficult. Fibrosis is usually greater in patients who have had bulky node metastases. This is not solely caused by higher radiation 
doses but may be related to cancer extension beyond the capsule of the lymph nodes and infiltration and adhesion to other structures in the neck.

Because some large nodes regress relatively slowly after irradiation, Bataini[16] suggested that salvage surgery be considered no earlier than approximately 2 months after conventional radiation when the initial size of the node was <6 cm and 
at 4 to 5 months when the nodes were >6 cm. When nodes regress completely, the risk of later nodal failure in some series is low (5%–17%).[14] [16] [144] However, others found that up to 50% of patients with no residual palpable tumor after the 
irradiation of large node masses still had apparently intact cancer cells if dissection was performed.[77] [133] This may be due to differences in radiation doses given, different intervals between completion of radiation and surgery, and the 
phenomenon by which radiation damage to chromosomes is manifest only when a cell progresses to mitosis, so that cells that have not yet reached mitosis may appear intact when examined microscopically after exposure to radiation. Many 
authors recommend at least limited dissection of the node masses and preferably radical or modified radical dissection of the entire ipsilateral neck after irradiation of large or multiple lymph nodes, without consideration of the degree of 
regression clinically. This approach is not indicated in patients with nasopharyngeal carcinomas for whom such surgery does not seem to be necessary if the nodes regress completely,[93] and node metastases from tonsillar fossa cancers are 



also relatively readily controlled by radiation alone.[14] [42] [66] 

Although progress in imaging has been considerable, the resolution of CT scanning, MRI, and ultrasonography does not allow identification of residual tumor masses smaller than approximately 0.5 cm.[40] The potential of functional imaging 
such as positron emission tomography (PET) scanning to identify residual cancer after irradiation of neck node metastases has not yet been determined. At this time, consideration of planned node resection is still advisable after irradiation of 
nodal metastases categorized as N2 or greater.

For some patients, even limited surgical resection of the residual node is not possible. If further management is considered appropriate, palliative radiation by implantation of radioactive isotopes is sometimes an option.[89] [188] 

The alternative to radiotherapy is neck dissection. After radical neck dissection alone for metastatic squamous cell carcinomas, tumor recurrence in the neck is reported in approximately 20% to 30% of patients in whom the primary tumor 
remains controlled.[52] [176] This recurrence rate is related to the number of lymph nodes involved and the presence of capsular rupture.[33] [176] Recurrences in the neck after previous dissection are rarely cured.[68] [141] The appearance of contralateral 
nodal metastases after unilateral dissection may also be a problem from primary carcinomas in sites such as hypopharynx and supraglottic larynx.[115] 

Planned Combined Radiation and Surgery

Because neck dissection and radiation each are of limited effectiveness, many centers prefer planned combinations of radiotherapy and resection of the neck nodes. Radiotherapy may be given before or after neck surgery, but the timing is to 
some extent influenced by the choice of management of the primary cancer. Preoperative radiotherapy reduces the size of the carcinomatous deposits and decreases the likelihood of regrowth locally and beyond the neck by any irradiated 
tumor cells not removed at surgery. Preoperative radiotherapy may be given to a restricted volume that encompasses only the lymph node groups at risk and adjacent tissues, depending on the center's philosophy with respect to management 
of clinically
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negative neck nodes. High-dose preoperative radiotherapy may increase the morbidity of surgical resection. Increased complication rates for pharyngeal anastomoses were reported after doses greater than approximately 5000 cGy in 5 weeks
[115] and for soft-tissue healing after subcutaneous doses greater than approximately 6000 cGy in 6 to 7 weeks.[118] When the primary cancer is managed by radiotherapy, there is no evidence that preoperative radiotherapy of clinically positive 
nodes followed by neck dissection adversely affects the likelihood of successful resection should cancer recur later at the primary site.[120] Postoperative radiotherapy is intended to control any carcinoma that remains after surgery and lies 
within the volume irradiated. Postoperative radiotherapy should encompass all tissues disturbed at surgery, because carcinoma cells may have implanted anywhere within that volume. The volume irradiated after surgery is usually larger than 
that for preoperative management, and sensitive structures such as the larynx and spinal cord may be more difficult to shield. Also, some neck tissues may have diminished blood supply after resection, and, as a result, residual tumor cells in 
those areas may be relatively hypoxic and less radiosensitive than well-oxygenated cells. The relative merits of preoperative and postoperative radiotherapy have not been resolved, and there is no agreement that combined modality 
management is better than single-modality management.

It has been suggested that combined therapy may be particularly beneficial when carcinoma has extended through the lymph node capsule[14] [32] and that failure to stratify patients by this parameter may confound the interpretation of studies of 
combined therapy.[39] [96] Many authors regard nodal extracapsular tumor extension as an indication for radiotherapy after neck dissection,[32] although others regard any positive findings in a neck dissection as significant and recommend 
postoperative irradiation to the entire neck with an additional boost to areas where the capsular rupture was found.[93] [143] [181] The delivery of radiation after a neck dissection in which histologically involved lymph nodes are found seems to 
reduce the risk of neck recurrences in most series. Lundahl and others[110] retrospectively compared the results from 95 irradiated patients to a cohort of unirradiated patients matched according to age, gender, pN stage, number of nodes, and 
presence of a desmoplastic lymph node pattern. These authors reported reduced cancer-related death and improved overall survival rates with postoperative neck irradiation. The apparent ability of bilateral elective neck irradiation to prevent 
the appearance of new nodal metastases in the contralateral neck has been discussed earlier; elective neck irradiation provides a useful alternative to synchronous or staged bilateral neck dissections.

The recommended preoperative radiation dose is 5000 cGy in 5 weeks, although higher doses may be needed for large or fixed nodes. The recommended postoperative dose has frequently been approximately 6000 cGy in 6 weeks to the 
upper neck and not <5000 cGy in 5 weeks to the lower neck; the higher dose is intended to counter any relative hypoxia in the tissues disturbed by surgery and is possible because problems with postoperative healing are not a consideration. 
The dose for postoperative management was studied systematically by Peters and others.[143] In a report of a randomized trial involving 302 patients, the authors concluded that, at radiation doses of 180 cGy/day, a minimum dose of 5760 cGy 
to the entire operative bed should be delivered, with a boost to 6300 cGy for sites of increased risk, especially regions of extracapsular nodal disease. A dose of 5400 cGy was recommended for undissected areas potentially harboring 
subclinical disease. The authors concluded that at a dose of 180 cGy/day, escalation above 6300 cGy would not improve the therapeutic ratio because of toxicity.

The optimum interval between surgery and radiotherapy is not known, although intuition suggests this interval should not be excessive. Vikram and others [184] reported that when radiotherapy was started within 6 weeks after surgery, only 2% 
of patients (1 of 53) who had pathologically proven node metastases subsequently had neck recurrence develop. When radiotherapy did not begin until >6 weeks after surgery, 22% (9 of 41) had a recurrence develop. Peters and others[143] 
reported 2-year locoregional control rates of 64% and 77% in patients beginning radiotherapy more than or less than 6 weeks after surgery. Although this difference was not statistically significant, the authors advised that radiotherapy be 
started as soon as possible after surgery to minimize the proliferation of residual tumor. The most effective interval between preoperative radiotherapy and surgery has not been studied systematically. After a short 1-week course of radiation, 
the interval is usually a few days.[176] After higher doses, such as 5000 cGy in 5 weeks, it is more usual to allow 4 to 8 weeks to elapse, so that the nodes and primary may regress and the acute inflammatory reaction induced by radiation settle. 
With the finding that there may be an increased proliferation rate of surviving tumor clonogens during or after irradiation,[142] [195] this strategy should be reassessed. Neck dissection has been performed successfully and without undue morbidity 
3 weeks after 6000 cGy in 6 weeks to the neck nodes and primary cancer.

It would be helpful to resolve the various claims for improved control from combined therapy and to
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establish the optimal radiation doses and timing in controlled clinical trials. In one trial intended to do this, the Radiation Therapy Oncology Group (RTOG) randomly assigned patients to preoperative radiotherapy (5000 cGy in 5 weeks, 
surgery 4–8 weeks later) or to postoperative radiotherapy (6000 cGy to the primary site, 5000 cGy in 5 weeks to the lower neck, beginning within 4 weeks of surgery).[101] For all tumor sites combined, in 277 evaluable patients, locoregional 
control was significantly better after a median follow-up of 60 months for patients assigned to receive postoperative radiotherapy (65% vs 48% P = .04), and survival also showed a trend in favor of postoperative radiotherapy (P = .10). Rates 
of severe surgical and radiotherapy complications were similar overall. This trial lacked the power to resolve several key issues related to the management of different tumor sites and stages.



Some investigators believe that the addition of radiation does not improve the results of neck dissection.[52] High rates of locoregional recurrence have been reported despite postoperative radiotherapy for some patients.[8] [45] [46] Cooper and others
[45] retrospectively analyzed risk factors predictive of locoregional recurrence in patients with locally advanced head and neck cancer treated with postoperative radiotherapy alone. Patients with microscopically positive surgical margins had a 
5-year risk of locoregional recurrence of 61%, whereas patients with negative margins but two or more metastatic lymph nodes and extracapsular tumor extension had a risk of 27%. More favorable risk factors of fewer than two lymph 
nodes, no extracapsular tumor extension, and negative margins were associated with a locoregional recurrence risk of 17% at 5 years. Ang and others[8] reported a prospective evaluation of risk factors for locoregional recurrence in patients 
with advanced squamous cell carcinoma of the oral cavity, oropharynx, larynx, and hypopharynx. In this study, 151 high-risk patients with extracapsular tumor extension or two or more involved lymph nodes were randomly assigned to 
receive 6300 cGy in 5 weeks (concomitant boost) vs 6300 cGy in 7 weeks (conventional fractionation). Intermediate-risk patients with one adverse pathologic feature excluding extracapsular tumor extension (oral cavity primary, fewer than 
two lymph node metastases, microscopically positive margins, or perineural invasion) received 5760 cGy in 6.5 weeks. Patients with no adverse risk factors did not receive postoperative radiotherapy. Low-risk, intermediate-risk, and high-
risk patients had a 5-year risk of locoregional recurrence of 10%, 6%, and 32%, respectively. Five-year survival rates were 83%, 66%, and 42% for the low-, intermediate-, and high-risk groups, respectively. The high-risk patient group had a 
worse outcome than the lower risk groups, despite receiving higher doses of postoperative radiation. Unfortunately, primary site and nodal patterns of failure were not reported separately in either of these studies.[8] [45] 

The order in which radiotherapy and surgery are undertaken is based on a joint decision of the management group. Sometimes, for example, the policy for tumor sites such as the larynx and hypopharynx has generally been one of delayed 
combined management,[87] with surgical resection being deferred to permit observation of the primary carcinoma and preservation of organs such as the larynx to the greatest extent possible; radiation is the initial modality. For cancers of the 
oral cavity, this sequence is reversed, because good function can be obtained by reconstructive surgery, and it has been thought that such surgery may be easier in unirradiated tissues.

Progress in Treatment of Advanced Neck Disease

The effectiveness of fractionated radiation depends on the dose and schedule and the number and size of involved lymph nodes. Recently, unconventional dose-fractionation schedules (altered fractionation) and concurrent chemotherapy 
(chemoradiation) have been shown in some instances to improve locoregional control compared with conventional fractionation alone for patients with locally advanced disease.

Altered radiation fractionation.

Conventional head and neck radiotherapy delivers daily fraction sizes of 180 to 250 cGy. In the United States, 180 to 200 cGy per fraction is typical. Unconventional dose-fractionation radiotherapy schedules (altered fractionation) have 
been used to improve the biologic effectiveness of radiation to eradicate both primary cancers and metastases in lymph nodes.[130] Hyperfractionation is a strategy used to escalate the total radiation dose while limiting normal tissue toxicity by 
decreasing the dose per fraction below conventional fraction sizes. Hyperfractionation seeks to exploit the differential sensitivity of cancer and normal tissues to lower fractional doses of radiation, particularly for critical organs such as the 
spinal cord. Doses are generally reduced to the range of 110 to 160 cGy. Two or more doses are given each day, with an interval of at least 6 hours between fractions to permit substantial repair of cellular radiation damage. The overall 
treatment time is the same as that of conventional fractionation. Accelerated fractionation is designed to reduce the overall treatment time to counteract the tumor repopulation that may occur during a standard course of fractionated 
radiotherapy.[130] In this strategy, the fractional doses are at conventional or near-conventional levels. Many schedules used clinically
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combine hyperfractionation and accelerated fractionation.

Whether altered fractionated radiation schedules improve nodal control compared with conventional fractionation is often unclear, both because many studies have failed to present detailed failure analyses and because metastatic nodes may 
be resected. Ang[6] observed that the several trials of hyperfractionated radiation in which the total dose was increased by 10% to 15% over a conventional regimen of 6600 to 7000 cGy in 7 weeks resulted in a 10% to 15% increase in the 
control rate of the primary cancers without any increase in serious late complications. The benefit was greatest in intermediate-sized rather than very large tumors, and the effect on control of lymph node metastases seemed minor.

When trials of accelerated radiation were considered, a shortening of the overall treatment time by 1 to 1.5 weeks also resulted in an approximately 15% higher control rate, predominantly of the primary cancer. Acceleration of treatment can 
be achieved in several ways. The most popular are by delivering six fractions a week, either by treating on 6 days rather than the usual 5 or by treating twice on 1 weekday; another approach is the concomitant boost technique, in which two 
fractions are given twice a day for 1 to 2 weeks of the schedule; the second fraction usually is slightly less than the conventional dose and the volume treated is also reduced. Peters and others[144] described a series of patients with primary 
oropharyngeal cancer treated with a concomitant boost schedule. Complete regression of metastatic nodes occurred in 62 of 75 patients (83%) assessed clinically and radiologically. Failure in the neck occurred later in three patients. 
Overgaard and others[139] treated patients with an accelerated schedule that delivered six fractions per week and compared the results with those of the standard five fractions per week. With this accelerated regimen, 6600 to 6800 cGy could be 
delivered in approximately 9 days less than with conventional fractionation. In a retrospective analysis of pooled patients from three randomized protocols (DAHANCA 2, 5, and 7) that included 333 patients treated with the accelerated 
protocol, an improvement at 5 years was found with the accelerated regimen in local control but not in nodal control. Waldron and others[186] investigated a treatment approach in which the high-dose radiation volume, delivered with an 
accelerated and hyperfractionated schedule (160 cGy twice a day, 5 days per week, for 4 weeks, to 6400 cGy), was limited to the primary site only. A lower dose was given to the neck node regions (200 cGy once a day to 4000 cGy). In this 
phase II study, neck dissection was planned for patients with lymph node metastases >3 cm or for nodes that could not be treated to the same dose as the primary tumor without increasing the volume of normal air and food passages 
irradiated. Control in the neck was achieved in 95%, and there was no increase in surgical morbidity (Waldron J: Personal communication, June 2003). Kaanders and others[98] concluded that with accelerated radiation, relative to a 
conventional schedule of 7000 cGy in 7 weeks, the achievable acceleration in treatment time is about 2 weeks, with the mucosa being the limiting tissue. Further acceleration requires a reduction in total dose. A number of strategies are being 
investigated to overcome this limitation. A randomized trial of continuous hyperfractionated accelerated radiation therapy (CHART) conducted by Dische and others,[53] in which patients received 54 Gy in 36 fractions, three times 150 cGy 
per day, for 12 consecutive days, failed to identify any improvement in the control of regional node metastases compared with 6600 cGy in 33 daily fractions over 6.5 weeks. A recently reported large randomized study compared 
conventional fractionation of 7000 cGy in 7 weeks with two accelerated regimens, one a concomitant boost design and the other a split course accelerated fractionation design.[74] Both of the accelerated regimens showed improved 
locoregional control rates at 2 years relative to conventional radiation. However, the nodal failure rates at 2 years were 32%, 27%, and 33% in the standard fractionation, hyperfractionation, and concomitant boost arms, respectively. Neck 
dissection was allowed for nodes that were >3 cm before irradiation and likely contributed to this similarity in nodal control rates.

A meta-analysis of 6515 patients treated by hyper-fractionated and/or accelerated radiation schedules compared with conventional fractionated radiation found small, but significant, improvements in survival and locoregional control from all 
altered fractionation regimens.[25] The greatest benefits were found in trials in which the altered fractionation scheme allowed an increase in total radiation dose (hazard ratio [HR] of death, 0.78; HR of locoregional failure, 0.76). The 
impression gained from the trials of altered fractionation reported to date is that benefit is more likely to be seen in control of the primary cancer than in that of the regional node metastases. The use of postradiation neck dissection on an 
individual basis makes interpretation of the effect of altered fractionation on node metastases difficult.

Radiation and chemotherapy.



Meta-analyses have shown an absolute improvement in overall survival of from 8% to 12% with concurrent chemotherapy and radiation compared with radiation alone in the management of locally advanced head and neck carcinomas.[28] [55] [127] 
[147] Adjuvant and neoadjuvant regimens have shown insignificant improvements of no more
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than 1% to 2%.[147] As a result, much of the emphasis in current research is on concurrent radiation and chemotherapy regimens.[9] The optimal concurrent chemotherapy regimen is unknown. Cisplatin seems to be the most active agent in 
combination with radiation[28] and is frequently given at the dose of 100 mg/m2 each 21 days. Overall survival at 5 years is approximately 40% with concurrent chemotherapy protocols. [147] A number of trials have reported an improvement in 
locoregional control with concurrent modality protocols. * As with the data relating to altered fractionation, identification of any benefit in eradication of nodal disease is affected by the lack of detailed site of failure analyses and the 
widespread inclusion of neck dissection in these protocols.

The management of unresectable metastatic nodes remains problematic. Patients with unresectable nodes were eligible for a recent randomized trial in which standard radiation therapy and two schedules of concurrent chemotherapy were 
compared as treatment for unresectable squamous cell cancer of the head and neck. [1] The chemoradiation schedules included either bolus cisplatin or infusional 5-fluorouracil plus bolus cisplatin. The addition of concurrent high-dose (100 
mg/m2 each 3 weeks) cisplatin to conventional single daily fractionation radiation (7000 cGy in 7 weeks) significantly improved survival (37% vs 23% at 3 years, P = .014) but with increased acute toxicity. Approximately equal numbers 
underwent neck dissection in each arm of the trial, but the number of patients with initially unresectable nodes was not described.

Two collaborative groups have reported the preliminary results of large phase III trials investigating the addition of concurrent cisplatin to postoperative radiotherapy.[24] [47] The European Organization for the Research and Treatment of Cancer 
(EORTC) group randomly assigned head and neck cancer patients at high risk of locoregional recurrence to receive a post-operative radiation dose of 6600 cGy in 6.5 weeks alone or radiation plus three doses of concurrent cisplatin (100 mg/
m2 on days 1, 22, and 43 of radiation). Three-year rates of disease-free survival (41% vs 59%, P = .0096) and overall survival (49% vs 65%, P = .0057) favored the chemoradiation arm.[24] The RTOG/Intergroup conducted a similar trial in 459 
patients with two or more involved lymph nodes, extracapsular tumor extension, and/or microscopically positive margins. Patients received either 6000 to 6600 cGy in 6 to 6.5 weeks postoperatively alone or in combination with three doses 
of concurrent cisplatin by a dose schedule similar to the EORTC trial. There was no difference in the 2-year locoregional recurrence rate (74% vs 79%, P = .16) for radiation and chemoradiation, respectively. Detailed site of failure analyses 
are not yet available for either study.

Nguyen and Ang[130] suggest that concurrent chemotherapy and radiation is to be preferred for the non-surgical treatment of patients with locally advanced carcinoma and that altered fractionation is best considered for patients with 
intermediate stage tumors or who are medically unsuitable for chemotherapy. They recommend the combinations of altered fractionation with chemotherapy be used only within formal studies. Institutional policies are usually guided by 
patient preferences, local experience, local bias, and available multidisciplinary expertise.

Neck Node Metastases from an Unidentified Primary Cancer

Despite detailed clinical and radiologic investigations, the primary site remains unidentified in up to approximately 3% of patients who are seen with metastatic cervical lymphadenopathy.[78] The most common histologic finding is squamous 
cell carcinoma. There has been considerable progress in imaging and other studies that can assist in identifying the site of the primary cancer.[129] In exploratory studies, the finding of Epstein-Barr virus (EBV) in a metastatic node suggested 
origin from the nasopharynx,[105] and human papillomavirus (HPV) was found most frequently in oropharyngeal cancers.[148] Molecular techniques may also eventually be helpful in localizing potential primary sites.[36] 

A single enlarged node was present in the jugulodigastric region in 60% to 75% of patients in several large series of patients in whom a primary tumor could not be found.[19] [94] [155] [189] The jugulodigastric and midjugular regions account for 
>50% of metastatic node sites in most series. Bilateral nodes were found in <10% of patients with an occult primary carcinoma.[71] [94] [189] Molinari and others[125] reviewed the files of >2500 patients with carcinomas of the head and neck and 600 
patients with lymphomas or malignant tumors of sites other than the head and neck. From these records, they calculated the statistical probabilities of finding clinically abnormal lymph nodes in each of several zones in the neck. Table 115-6 
shows the results of Molinari's analysis for the probabilities of a single enlarged node from a squamous cell carcinoma in each zone. The most commonly affected zone, the jugulodigastric, was involved with almost equal frequency by 
nasopharyngeal, oral cavity, oropharyngeal, or hypopharyngeal carcinomas. An upper or midposterior triangle node was most likely to be from a nasopharyngeal carcinoma. A single supraclavicular node was more likely to be associated 
with a primary bronchogenic carcinoma than with a head and neck primary site.

*References [2] [26] [35] [92] [122] [192]  
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TABLE 115-6 -- PRIMARY TUMOR SITES ASSOCIATED WITH SINGLE CERVICAL NODE METASTASES

 PRIMARY TUMOR SITES (%)

Lymph Node Groups Oral Cavity Tonsil and Oropharynx Base of Tongue Nasopharynx Hypopharynx Larynx Lung

Jugular chain        

Submaxillary 71 14 7     

Subdigastric 22 10 18 12 15 9  

Midjugular  10 11 7 21 13  

Low jugular  5 8 12 25 13  

Posterior cervical chain        

Upper posterior cervical  18 8 58 8 5  

Midposterior cervical  17 12 55 12   



Low posterior cervical  15  24 25   

Supraclavicular       90

Adapted from data in Molinari R and others: Tumori 63:267, 1977.

Only probabilities of a single lymph node metastasis of 5% or more and primary sites giving rise to squamous cell carcinoma have been included.
 
Any generalization about the most appropriate choice of management on the basis of published reports is impossible because of the disparities in the clinical material and the selection of subsets for reporting. Nieder and others [129] recently 
reviewed selected series ( Table 115-7 ). Patients managed by surgery only in the series reviewed in general had a single small node and no indication for postoperative radiation therapy. Prognosis seemed to be related to lymph node factors 
similar to those considered when the primary cancer site is known. Thus, prognosis was worse for more advanced N categories, when there were multiple nodes, when nodes were larger than approximately 3 cm, or when there was evidence 
of extracapsular extension. When the node was in the supraclavicular fossa, survival rates ranged from 3% to 20% at 3 years.[63] [75] [94] The prognosis was poor in patients with metastatic adenocarcinoma, wherever the nodes were located. [13] [104] 
Additional prognostic factors identified in a large national review included  

TABLE 115-7 -- REPORTED RESULTS OF TREATMENT OF CERVICAL LYMPH NODE METASTASES FROM OCCULT SQUAMOUS CELL CARCINOMA

End point Unilateral RT (6 series) Comprehensive RT (12 series) Surgery (4 series)

Median mucosal primary emergence rate (range) •8% (55–44) 10% (2–13) 25%

Median neck relapse rate (range) 52% (31–63) 19% (8–49) 34%

Median distant metastases rate (range) 38% (1 series) 19% (11–23) -

Median 5-year overall survival rate (range) 37% (22–41) 50% (34–63) -

Adapted from Nieder C and others: Int J Radiat Oncol Biol Phys 50:727, 2001.
 
performance status, gender (women had better cause-specific survival), and hemoglobin. [78] 

Proponents of radiotherapy argue that inclusion in the volume treated of the most likely primary mucosal cancer sites and the remainder of the cervical lymph node fields reduces the risk of later emergence of the primary cancer or of low or 
contralateral cervical node metastases. Treatment by neck dissection may sometimes avoid the need for radiation and its side effects but may be associated with higher rates of late primary cancer and contralateral nodal disease ( Table 115-
8 ). In practice, combined therapy is often recommended, either because nodes fail to regress completely after radiation or because surgery reveals one or more of the adverse nodal features noted earlier. Chemotherapy is sometimes included 
in the management regimen, especially for patients with bulky node metastases,[50] although any long-term advantage from this has not yet been demonstrated.
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Opinions differ about whether the later emergence of a primary carcinoma in the head and neck worsens prognosis. Jesse and others[94] found a 3-year survival rate of 31% in patients in whom a primary tumor later appeared compared with 
58% in those in whom the primary site was never found. The data collected in Table 115-7 that also suggest this may well reflect patient selection. Pooled data from several series indicate that subsequent primary tumors emerged in all sites, 
but predominantly in the oral cavity and oropharynx.[72] Possible "second primaries" could not be excluded. In the series surveyed by Fu,[72] the late emerging primary cancer was controlled in only 39 of 92 (42%) patients. Relapse in the neck is 
more common than later emergence of a mucosal primary cancer.

Two different radiation treatment strategies are followed, each with its proponents. The first is comprehensive irradiation of the abnormal node site together with the clinically uninvolved ipsilateral and contralateral node regions and all 
compartments of the laryngopharynx. Selective shielding, or tailoring of the radiation volume to avoid low-risk mucosal sites, may be undertaken if there are clinical or histologic features that point to a particular primary tumor site. The 
radiation dose delivered to the mucosa is generally that appropriate for a category T1 cancer (typically 6000 to 6500 cGy in 6 weeks, or equivalent). Some authors have suggested a lower dose, analogous to that used to treat clinically 
uninvolved regions of the neck (5000 cGy in 5 weeks or equivalent).[84] The second approach is to treat only the ipsilateral nodes. There are also variants of this latter philosophy, with some authors favoring concentration of treatment on the 
lymph node basins only, for example, with electron beam therapy, and others opting to include the ipsilateral mucosal walls of the oropharynx and hypopharynx.

The wide variety of approaches to these patients may be resolved, at least in part, by a current randomized trial being led by the EORTC. In this trial, patients who are seen with unilateral cervical node metastases of squamous cell carcinoma 
undergo comprehensive neck dissection and are then randomly assigned to irradiation of the ipsilateral neck or to extensive irradiation of the nasopharyngeal, oropharyngeal, hypopharyngeal, and laryngeal mucosa plus the bilateral neck 
nodes. [129] Improvements in radiation therapy technique that permit substantial sparing of the parotid glands, thereby reducing the severity of postradiation xerostomia, are likely to encourage treatment of all potential primary tumor sites rather 
than ipsilateral node regions only, although it would clearly be preferable that this decision be buttressed by the result of the randomized trial.

SALIVARY GLAND CARCINOMAS

Postoperative radiotherapy reduces the risk of local recurrence at the site of primary salivary gland cancers in high-risk patients.[11] [73] [99] [116] [132] There do not seem to be any major differences in radiation response between the different histologic 
types of malignant salivary gland tumors.[73] [99] These observations form the basis for the use of radiation treatment in the management of the cervical nodes. Lymph node metastases are a poor prognostic factor, although often their influence 
cannot be separated from factors related to an uncontrolled primary tumor. In one series, the 5-year survival rate was only 9% in patients who had lymph node metastases at admission and 17% in those who later had node metastases develop 
compared with 74% in patients who never had spread to nodes.[174] 

There is considerable variation in the frequency of nodal metastasis from malignant salivary gland tumors, determined by the salivary gland in which the tumor arises and by the histologic type and grade. Most series are small, and 
management protocols that might identify node metastases have often varied over time. The overall incidence of lymph node metastases at the time of presentation reported by Rafla-Demetrious [153] was 24% (43 of 179); there were cervical 
node metastases from 24% (16 of 66) of parotid carcinomas, 38% (8 of 21) of submandibular and sublingual gland carcinomas, and 20% (19 of 92) of minor salivary gland carcinomas. There were very few node metastases from salivary 
gland carcinomas that arose in the palate or paranasal sinuses. Some series have reported a lower rate of node metastases, for example, 16% for parotid cancers and 8% for submandibular and sublingual tumors.[10] 



Node metastases from parotid cancers were found predominantly in levels II, III, IV, and from submandibular cancers in levels I, II, and III.[10] The risk of involvement of posterior triangle (level V) nodes was small. Contralateral metastases 
from lateralized salivary gland cancers, even from sublingual gland tumors, were very uncommon. The risk of both clinically detectable and occult lymph node metastases was related to histologic type (higher risk in adenocarcinomas and in 
anaplastic, epidermoid, and salivary duct cancers); tumor grade (higher risk in high grade); and primary tumor size (higher risk with larger tumors).[10] [70] [73] [174] Low-grade mucoepidermoid, acinic cell, malignant mixed tumors, and, in many 
series, adenoid cystic cancers carried a very low risk of nodal metastases, generally 5% or less.[10] [70] [73] Elective neck dissection has been performed infrequently and is generally believed not to be necessary.[117] [182] In one retrospective review of 
99 patients with primary parotid malignancies who underwent elective dissection for a clinically disease-free neck, 12 patients
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TABLE 115-8 -- LATE DISEASE AND SURVIVAL AFTER MANAGEMENT OF NECK NODES CONTAINING METASTATIC SQUAMOUS CELL CARCINOMA FROM AN UNIDENTIFIED PRIMARY TUMOR

 NODAL DISEASE (N/N (%))   

Initial Management Initially Managed Side Contralateral Side
Head and Neck Primary Tumor Found After Neck 
Management Survival 3-yr Disease Free

Surgery 25/104 (24) 16/97 (16) 21/104 (20) 59/104 (57)

Radiotherapy 11/52 (21) 0/39 (0)• 3/52 (6)• 25/52(48)

Combined 4/28 (14) 0/28 (0)• 4/28 (14) 13/28 (47)

*Includes patients salvaged by secondary management.

Modified from Jesse RH: Cancer 31:854, 1973.
 
(12%) had pathologically positive nodes.[70] Multivariate analysis indicated that, of preoperatively assessable factors, tumor type, high tumor grade, and facial nerve paralysis were most predictive of occult nodal disease. Extension of the 
analysis to include operatively or histopathologically assessable characteristics added perilymphatic invasion and extraparotid tumor extension as significant predictive factors.[70] Factors predictive of occult nodal metastases were reviewed 
also by Medina[117] and vanderPoorten and others.[182] 

Decreased locoregional failure rates, sometimes with improved survival rates, in patients who have cervical node metastases and who, after neck dissection, received postoperative radiation compared with rates in those who were not 
irradiated were reported in a matched-pair analysis[11] and in comparison with historical controls.[99] [132] [100] No randomized trials have addressed this issue. Armstrong[11] reported a 5-year locoregional control rate of 69% in 23 patients with node 
metastases who received radiation to the neck and 40% in 16 patients treated with surgery only. The survival rates for these two patient groups were 49% and 19%. The significance of parameters such as number of abnormal nodes and 
extracapsular extension are not well defined for salivary gland cancer metastases, and many authors recommended postoperative radiotherapy if any node metastasis is found.

The relatively low risk of subclinical nodal metastases in unselected patients and the varied factors used to select patients for elective treatment do not permit comparison of the relative efficacy of elective neck dissection and elective nodal 
irradiation. The generally accepted criteria for postoperative radiotherapy to the primary tumor bed are similar to the factors that predict a high risk of occult neck metastases. If it is assumed that a risk of subclinical lymph node metastases of 
approximately 15% to 20% justifies elective radiation of the regional lymph nodes, a management policy may be formulated as follows.

Systematic irradiation of the neck nodes is not necessary after complete resection of low-grade mucoepidermoid carcinomas or in patients with small malignant mixed carcinomas, acinic cell carcinomas, or adenoid cystic carcinomas who 
have no evidence of cervical lymph node metastases. Irradiation of the ipsilateral neck nodes is recommended for patients who have: 

• Indications for postoperative irradiation to the primary site for any histologic findings (for example, tumor unresectable or grossly or microscopically incompletely resected; ulcerated or fixed; >4 cm; multiple tumor nodules; adherent 
to cranial nerve VII or nerve dysfunction caused by cancer; extension to extraglandular tissues; perilymphatic or perineural invasion).
• Undifferentiated carcinomas, epidermoid carcinomas, grade II or III mucoepidermoid cancers, adenocarcinomas, or salivary duct cancers.
• After dissection of histologically positive nodes.

The entire ipsilateral neck is usually irradiated. The radiation doses commonly recommended are 6000 cGy in 6 weeks to the primary site and upper neck (levels I, II, and III) and 5000 cGy in 5 weeks to the lower neck (levels IV and VB) or 
equivalent doses. Additional boost treatment is given to known residual tumor or areas at high risk.

MELANOMAS

Melanomas are not radioresistant, although the role of radiotherapy in the management of primary and metastatic melanomas is debated. Several radiobiologic and clinical studies have suggested that many melanomas respond better to 
higher-than-standard fractional doses of radiation.[138] However, this observation was not confirmed by a randomized trial in which patients with measurable melanomatous masses
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received four 800 cGy doses at 7-day intervals (21 days overall, total 3200 cGy) or more conventional 20 fractions of 250 cGy in 26 to 28 days overall (total 5000 cGy) at the rate of five treatments per week.[162] The complete response (CR) 
and partial response (PR) rates to each regimen were similar (CR 24% vs 23%; PR 36% vs 34%). Nevertheless, most radiation oncologists favor managing melanomas with fractional radiation doses of at least 300 cGy or more.

Melanomas of the skin of the head and neck represent approximately 20% of all cutaneous melanomas. Melanomas also arise, although less commonly, from the mucosa, especially of the oral cavity, nasal cavity, and paranasal sinuses. The 
likelihood of regional lymph node metastases varies with the type of melanoma: approximately 0% to 1% for lentigo maligna, 10% for lentigo maligna melanoma, 30% to 50% for nodular cutaneous melanoma, and 50% or more for oral 
cavity and other mucosal primary sites.[41] [85] The patterns of lymph node metastases from cutaneous melanomas of the head and neck were studied by Shah and others,[166] who reviewed 111 radical neck dissection specimens and noted that the 



distribution of metastases was less predictable than for squamous cell carcinoma arising in the mucosa. They concluded that radical neck dissection incorporating parotidectomy would frequently be the most appropriate management, 
particularly when the primary melanoma arose on the ear, face, or anterior scalp. Their conclusion has considerable implications for the design of adjuvant radiotherapy treatment fields. However, others have not found irregular patterns of 
metastasis.[185] Evaluation of sentinel lymph node status is of help in deciding the first lymph node groups at risk[178] but has not been used directly to assist the design of radiation fields. There is some evidence that the risk of regional recurrence 
can be reduced by the type of neck surgery performed, possibly to a greater extent than might be achievable by adjuvant radiation.[161] [167] 

The risk of recurrence in the lymph node basin after neck dissection for metastatic melanoma is generally reported to be in the range of 15% to 30%,[34] [135] [167] [170] although rates as high as 50% have been described.[29] The factors predictive of 
recurrence after surgery include extracapsular extension and involvement of multiple nodes. There have been several nonrandomized studies of postoperative adjuvant radiation to all or part of the neck, with subsequent recurrence rates of 
from approximately 10% to 20%,[7] [86] [135] about one-half of those of many surgery-only studies. Large fractional dose radiation schedules were used. Ang and others[7] reported neck recurrence in only 3 of 95 patients who were treated by neck 
dissection coupled with preoperative or, more usually, postoperative radiotherapy. Radiation consisted of 3000 cGy in 2.5 weeks, delivered in fractions of 600 cGy twice a week. The treatment was designed so that the spinal cord dose did 
not exceed 2400 cGy. Shen and others[167] described 217 patients, only 21 of whom received adjuvant postoperative irradiation. The cervical recurrence rate was 14% in each group. A higher proportion of those irradiated had adverse 
prognostic factors. Shen and others[167] concluded that postoperative radiation should be considered only for those with extracapsular melanoma extension. Although a randomized trial of adjuvant radiation after regional lymphadenectomy for 
melanoma of the trunk and extremities showed some delay in the median time to recurrence in patients who received radiation, no other advantages were found.[48] The radiation schedule in that trial of 5040 cGy in 28 fractions of 180 cGy 
over 10 weeks (split course) has been criticized as suboptimal. In a current randomized trial conducted by the Eastern Cooperative Oncology Group (ECOG), patients receive adjuvant interferon-alpha after metastatic node dissection and are 
randomly assigned to receive adjuvant radiotherapy or no additional treatment.

Elective neck dissection reveals subclinical node metastases in approximately 20% to 30% of patients, a rate similar to the development of clinical neck node metastases in those who do not undergo elective dissection.[4] Many patients in 
whom subclinical metastases are found are treated similarly to those with overt nodal metastases and receive postoperative radiation. It is difficult to determine from the literature the outcome in this subset of patients. Similarly, the 
information on the possible use of elective neck irradiation as an alternative to elective surgery is largely anecdotal, and this approach has not been studied systematically. Ang and others[7] described 79 patients who received elective 
irradiation of the neck after wide local excision of cutaneous melanomas 1.5 mm or more thick. Regional recurrence was seen in only five patients (6%).

Although most authors agree that the role of radiation treatment of the neck would be best resolved by randomized trials, in melanoma, as in other malignancies, accrual to such studies has often been disappointing.

SUMMARY

The various patterns of lymph node metastases in the neck and the radiation fields necessary to encompass these nodes are well defined. Techniques that allow the delivery of effective radiation doses without undue toxicity are available. 
There is good evidence that elective irradiation of clinically normal nodes in high-risk patients and therapeutic irradiation of clinically metastatic lymph nodes can influence the patterns of tumor failure in patients with squamous
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cell carcinomas. Radiation improves the control of regional metastases from salivary gland carcinomas and probably also from melanomas. The influence of cervical node irradiation on survival rates is more difficult to determine, because 
survival depends also on successful management of the primary tumor (which is often considered in reports together with the cervical nodes), on the risk of more distant metastases, and on deaths from intercurrent disease.

The role of surgery and radiation therapy, as single modalities or in combination, in the management of cervical node metastases has been argued vigorously and inconclusively. However, with advances in technical radiation therapy and in 
cancer control rates by altered radiation fractionation and by combination of radiation and chemotherapy, the debate has moved to identifying the most effective multimodality schedules. It seems probable that advances in imaging and 
molecular pathology will assist in selection of the most effective regimens. The number of formal clinical trials conducted has increased greatly over the past two decades, and these studies provide the best evidence of improvements in 
clinical outcome. Many traditional concepts of the role of radiation in the management of the neck nodes are being reexamined within the context of these trials.
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Chapter 116 - NECK DISSECTION

K. Thomas Robbins 
Sandeep Samant 

INTRODUCTION

The terms neck dissection and cervical lymphadenectomy refer to the systematic removal of lymph nodes with their surrounding fibrofatty tissue from the various compartments of the neck. This procedure is used to eradicate cancer 
metastases to the regional lymph nodes of the neck. In most patients, these metastases originate from primary lesions involving mucosal sites of the upper aerodigestive tract, particularly the oral cavity, the pharynx, and the larynx.

The propensity for spread to the regional lymph nodes by carcinomas of the upper aerodigestive tract is variable and is associated with several factors, such as histology, T classification, and location of the primary tumor. For example, if the 
histology shows perineural invasion or invasion of the tumor's micro-circulation, the risk is higher. In general, the more advanced the T classification, the higher the likelihood of nodal spread. Certain subsites, such as the oral tongue, the 
floor of the mouth, the piriform sinus, and the supraglottic larynx, are associated with high rates of metastases as compared with such subsites as the buccal mucosa, the lip, the nasal cavity, the paranasal sinuses, and the glottic larynx. 
Although the anatomic distribution of the surrounding lymphatic channels may explain some of this variation, inherent differences in the biologic behavior among these cancers also are likely. Thus, the indications for cervical 
lymphadenectomy depend not only on the presence of palpable disease but on factors that increase the risk of occult disease, such as the size and characteristics of the primary tumor. The term therapeutic neck dissection applies to the former 
condition, whereas the term elective neck dissection applies to the latter situation. Other factors that are important when deciding whether cervical lymphadenectomy is indicated relate to the overall treatment plan. For example, if the 
treatment of choice for the primary tumor is radiation rather than surgery, it may also be preferable to radiate the regional nodes when the clinical staging of the nodal disease is N0 or N1 . If surgical transgression of the regional lymphatics is 
required to resect the primary tumor, cervical lymphadenectomy should also be included.

HISTORICAL PERSPECTIVE

In publications that came out before the 20th century, little attention was given to the indications or techniques for treating cervical lymph node metastases. The first conceptual approach for removing nodal metastases was made by Kocher 
in 1880[26] ; he described the removal of the lymph node that bore contents of the submandibular triangle to gain access to tongue cancer. Later, Kocher recommended that nodal metastases should be removed more widely through a -shaped 
incision, with the long arm extending from the mastoid to the level of the omohyoid at its junction with the anterior border of the sternocleidomastoid muscle. Around the same time, Parkard supported the concept of removing the 
surrounding lymph nodes for lingual cancer.[45] 

Without decreasing the importance of the contributions by these pioneer surgeons, the major individual to be credited with developing and reporting the fundamentals of cervical lymphadenectomy is George Crile.[16] Crile believed that distant 
(hematogenous) metastases were uncommon in head and neck cancer and that metastases more commonly occurred in the neck through the permeation of lymphatics. His description of a block resection encompassing all of the cervical 
nodal groups from the level of the mandible above to the clavicle below became the basis for the radical neck dissection we know today. Relevant to the modifications of radical neck dissection that were subsequently made, Crile 
recommended preservation of the internal jugular vein and the sternocleidomastoid muscle for patients in whom there were no palpable nodes. In addition, his technique
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was to remove only the regional lymph nodes that were known to drain the field of the original focus of disease when metastases could not be seen. It also is interesting to note that, in the accompanying illustrations of the more radical en 
bloc resections, the spinal accessory nerve was preserved.

The philosophy held by head and neck surgeons during the first half of the 20th century regarding the indications and techniques of cervical lymphadenectomy was based on the descriptions of Crile and perpetuated by others. Blair and 
Brown [6] and Martin[33] were strong proponents of the radical en bloc technique, which was similar to the radical surgery that had evolved for breast cancer. Martin in particular categorically insisted that the spinal accessory nerve, the internal 
jugular vein, and the sternocleidomastoid muscle should be removed as part of all cervical lymphadenectomies. During this time, one should remember that radiotherapy had not been developed as an effective adjuvant modality, and radical 
surgery represented the only hope for cure.

Associated with the procedure of the radical neck dissection was the presence of significant postoperative morbidity related to shoulder dysfunction; the operation also had limitations as a bilateral procedure.[40] In the 1950s, Ward and Robben
[75] reported that the neck dissection could be modified in some circumstances by sparing the spinal accessory nerve and thereby preventing postoperative shoulder drop. Later, Saunders, Hirata, and Jaques[55] compared the functional results of 
cases undergoing radical neck dissection with those in whom the spinal accessory nerve was spared; this demonstrated that shoulder symptoms were only mild or moderate in more than 80% of the patients who had the nerve preserved or 
cable grafted. The concept of conservation neck surgery was further popularized during the 1960s by Suarez[71] in Argentina and promoted by Bocca and Pignataro,[7] who independently described an operation that removed all of the lymph 
node groups while sparing the spinal accessory nerve, the sternocleidomastoid muscle, and the internal jugular vein. They emphasized that fascial compartments surrounding the lymphatic contents of the neck could be removed without 
sacrificing the nonlymphatic structures, as mentioned.

Other authors reported the sparsity of nodal disease within the posterior triangle for carcinoma of the oral cavity, the pharynx, and the larynx, thus setting the stage for dissection modifications directed toward preserving lymph node groups.[31] 
[36] [64] [73] These observations paved the way for another type of neck dissection modification, in which there was selective preservation of one or more lymph node groups.[9] [50] [61] Some of the initial proponents of this concept were the surgeons at 
MD Anderson Cancer Center, who called the procedure "modified neck dissection."[3] [23] Two of the variations of the modified neck dissection were also called "supraomohyoid" and "anterior" neck dissections.[9] The term selective neck 
dissection (SND) subsequently became associated with the concept of preserving lymph nodes in one or more of the neck levels through the American Academy of Otolaryngology's classification.[50] [52] The lymph node groups removed are 



based on the pattern of metastases, which are predictable relative to the primary site of cancer.

TERMINOLOGY OF NECK DISSECTION

The evolution of cervical lymphadenectomy procedures during the 20th century has provided the modern head and neck surgeon with a repertoire of surgical techniques for removing nodal metastases. Concurrent with this expansion has 
been the emergence of a multitude of terms used to describe these procedures. Originally proposed by authors without any uniformity of terminology, this lack of standardization unfortunately resulted in redundancy, misinterpretation, and 
even confusion among clinicians. Realizing the importance for standardizing the diverse nomenclature, the Committee for Head and Neck Surgery and Oncology of the American Academy of Otolaryngology-Head and Neck Surgery 
convened a special task force in 1988 to address terminology problems related to cervical lymphadenectomy. The specific objectives of the group were as follows: (1) to recommend terminology that adhered to more traditional terms, such as 
"radical" and "modified radical" neck dissection, and to avoid the use of eponyms and acronyms; (2) to define which lymphatic structures and other nonlymphatic structures should be removed or preserved relative to the radical neck 
dissection; (3) to provide standard nomenclature for the lymph node groups and the nonlymphatic structures; (4) to define the boundaries of resection for lymph node groups; (5) to use terms for the neck dissection procedures that are basic 
and easy to understand; and (6) to develop a classification based on the biology of the cervical metastases and the principles of oncologic surgery.[50] 

Ten years after the initiation of the neck dissection classification project, the Committee for Neck Dissection Classification of the American Head and Neck Society reviewed and updated the 1991 neck dissection classification system ( Table 
116-1 ).[53] [55] The new version included modifications of the original classification in an effort to remain contemporary and to keep with the current philosophy of managing lymph node metastases.
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TABLE 116-1 -- CLASSIFICATION OF NECK DISSECTION

1991 Classification 2001 Classification

1. Radical neck dissection 1. Radical neck dissection

2. Modified radical neck dissection 2. Modified radical neck dissection

3. Selective neck dissection 3. Selective neck dissection: each variation is depicted by "SND" and the use of parentheses to denote the levels or sublevels removed

•••a) Supraomohyoid  

•••b) Lateral  

•••c) Posterolateral  

•••d) Anterior  

4. Extended neck dissection 4. Extended neck dissection
 
CERVICAL LYMPH NODE GROUPS

The patterns of spread of cancers from various primary sites in the head and neck to the cervical lymph nodes have been documented by retrospective analyses of large series of patients undergoing neck dissection.[9] [31] [62] The nodal groups at 
risk for involvement are widespread throughout the neck, extending from the mandible and skull base superiorly to the clavicle inferiorly and from the posterior triangle of the neck laterally to the midline viscera and to the contralateral side 
of the neck. It now is recommended that the lymph node groups in the neck be categorized according to the level system originally described by the Sloan-Kettering Memorial Group ( Figure 116-1 ).[61] 

Level I: There are two important lymph node groups within level I: the submental group and the submandibular group. The submental nodes are defined as those that are contained within the boundaries of the submental triangle (i.e., the 
anterior belly of the digastric muscles and the hyoid bone). The submandibular lymph node group refers to the nodes lying within the boundaries of the submandibular triangle (i.e., the anterior and posterior bellies of the digastric muscle and 
the body of the mandible). Because many of these lymph node groups lie in close proximity to the submandibular gland, this structure is removed to ensure thorough exenteration of all of the lymph nodes within this triangle. Thus, the 
boundaries of level I lymph nodes include the body of the mandible, the anterior belly of the contralateral digastric muscle, and the anterior and posterior bellies of the ipsilateral digastric muscle and the stylohyoid muscle. It should be noted 
that the perifacial lymph nodes, including the buccinator nodes, are located outside of this triangle superior to the mandibular body. These nodes may contain metastatic disease when the primary site involved is the lip, the buccal 

 
Figure 116-1 The six levels of the neck for describing the location of lymph nodes in the neck. Level I, submental and submandibular group; level II, upper jugular group; level III, middle jugular group; level IV, lower jugular group; level 
V, posterior triangle group; and level VI, anterior compartment group. (Courtesy of Douglas Denys, M.D.) 



 

Figure 116-2 The six sublevels of the neck for describing the location of lymph nodes within levels I, II, and V. Level IA, submental group; level IB, submandibular group; level IIA, upper jugular nodes along the carotid sheath, including 
the subdigastric group; level IIB, upper jugular nodes in the submuscular recess; level VA, spinal accessory nodes; and level VB, the supraclavicular and transverse cervical nodes. (Courtesy of Douglas Denys, M.D.) 

 

TABLE 116-2 -- LYMPH NODE GROUPS FOUND WITHIN THE SIX NECK LEVELS AND THE SIX SUBLEVELS

Lymph Node Group Description

Submental (sublevel IA) Lymph nodes within the triangular boundary of the anterior belly of the digastric muscles and the hyoid bone; these nodes are at the greatest risk of harboring metastases from 
cancers arising from the floor of the mouth, the anterior oral tongue, the anterior mandibular alveolar ridge, and the lower lip (see Figure 116-2 ).

Submandibular (sublevel IB) Lymph nodes within the boundaries of the anterior belly of the digastric muscle, the stylohyoid muscle and the body of the mandible, including the pre- and postglandular nodes 
and the pre- and postvascular nodes. The submandibular gland is included in the specimen when the lymph nodes within this triangle are removed. These nodes are at greatest 
risk for harboring metastases from cancers arising from the oral cavity, the anterior nasal cavity, and the soft-tissue structures of the midface and the submandibular gland (see 
Figure 116-3 ).

Upper jugular (includes sublevels IIA and IIB) Lymph nodes located around the upper third of the internal jugular vein and the adjacent spinal accessory nerve, extending from the level of the skull base above to the level of 
the inferior border of the hyoid bone below. The anterior (medial) boundary is the stylohyoid muscle (the radiologic correlate is the vertical plane defined by the posterior 
surface of the submandibular gland), and the posterior (lateral) boundary is the posterior border of the sternocleidomastoid muscle. Sublevel IIA nodes are located anterior 
(medial) to the vertical plane defined by the spinal accessory nerve. Sublevel IIB nodes are located posterior (lateral) to the vertical plane defined by the spinal accessory nerve. 
The upper jugular nodes are at greatest risk for harboring metastases from cancers arising from the oral cavity, the nasal cavity, the nasopharynx, the oropharynx, the 
hypopharynx, the larynx, and the parotid gland (see Figure 116-3 ).

Middle jugular (level III) Lymph nodes located around the middle third of the internal jugular vein, extending from the inferior border of the hyoid bone above to the inferior border of the cricoid 
cartilage below. The anterior (medial) boundary is the lateral border of the sternohyoid muscle, and the posterior (lateral) boundary is the posterior border of the 
sternocleidomastoid muscle. These nodes are at greatest risk for harboring metastases from cancers arising from the oral cavity, the nasopharynx, the oropharynx, the 
hypopharynx, and the larynx (see Figure 116-3 ).



Lower jugular (level IV) Lymph nodes located around the lower third of the internal jugular vein, extending from the inferior border of the cricoid cartilage above to the clavicle below. The anterior 
(medial) boundary is the lateral border of the sternohyoid muscle, and the posterior (lateral) boundary is the posterior border of the sternocleidomastoid muscle. These nodes are 
at greatest risk of harboring metastases from cancers arising from the hypopharynx, the thyroid, the cervical esophagus, and the larynx (see Figure 116-3 ).

Posterior triangle group (includes sublevels VA and VB) This group is composed predominantly of the lymph nodes located along the lower half of the spinal accessory nerve and the transverse cervical artery. The supraclavicular 
nodes are also included in the posterior triangle group. The superior boundary is the apex formed by the convergence of the sternocleidomastoid and trapezius muscles; the 
inferior boundary is the clavicle, the anterior (medial) boundary is the posterior border of the sternocleidomastoid muscle, and the posterior (lateral) boundary is the anterior 
border of the trapezius muscle. Sublevel VA is separated from sublevel VB by a horizontal plane marking the inferior border of the anterior cricoid arch. Thus, sublevel VA 
includes the spinal accessory nodes, whereas sublevel VB includes the nodes that follow the transverse cervical vessels and the supraclavicular nodes (with the exception of 
Virchow's node, which is located in level IV). The posterior triangle nodes are at greatest risk for harboring metastases from cancers arising from the nasopharynx, the 
oropharynx, and cutaneous structures of the posterior scalp and neck (see Figure 116-3 ).

Anterior compartment group (level VI) Lymph nodes in this compartment include the pre- and paratracheal nodes, the precricoid (Delphian) node, and the perithyroidal nodes, including the lymph nodes along the 
recurrent laryngeal nerves. The superior boundary is the hyoid bone, the inferior boundary is the suprasternal notch, and the lateral boundaries are the common carotid arteries. 
These nodes are at greatest risk for harboring metastases from cancers arising from the thyroid gland, the glottic and subglottic larynx, the apex of the piriform sinus, and the 
cervical esophagus (see Figure 116-2 ).

 
 

TABLE 116-3 -- ANATOMIC STRUCTURES THAT DEFINE THE BOUNDARIES OF THE NECK LEVELS AND SUBLEVELS

Level Superior Inferior Anterior (Medial) Posterior (Lateral)

IA Symphysis of the mandible Body of the hyoid Anterior belly of the contralateral digastric muscle Anterior belly of the ipsilateral digastric muscle

IB Body of the mandible Posterior belly of the digastric muscle Anterior belly of the ipsilateral digastric muscle Stylohyoid muscle

IIA Skull base Horizontal plane defined by the inferior body of the 
hyoid bone

Stylohyoid muscle Vertical plane defined by the spinal accessory nerve

IIB Skull base Horizontal plane defined by the inferior body of the 
hyoid bone

Vertical plane defined by the spinal accessory nerve Lateral border of the sternocleidomastoid (SCM) 
muscle

III Horizontal plane defined by the inferior body of the hyoid Horizontal plane defined by the inferior border of 
the cricoid cartilage

Lateral border of the sternohyoid muscle Lateral border of the sternocleidomastoid or sensory 
branches of the cervical plexus

IV Horizontal plane defined by the inferior border of the 
cricoid cartilage

Clavicle Lateral border of the sternohyoid muscle Lateral border of the sternocleidomastoid or sensory 
branches of the cervical plexus

VA Apex of the convergence of the sternocleidomastoid and 
trapezius muscles

Horizontal plane defined by the lower border of the 
cricoid cartilage

Posterior border of the sternocleidomastoid muscle or 
sensory branches of the cervical plexus

Anterior border of the trapezius muscle

VB Horizontal plane defined by the lower border of the 
cricoid cartilage

Clavicle Posterior border of the sternocleidomastoid muscle or 
sensory branches of the cervical plexus

Anterior border of the trapezius muscle

VI Hyoid bone Suprasternal notch Common carotid artery Common cartoid artery
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radiologic landmarks, level I includes all of the nodes above the level of the lower body of the hyoid bone, below the mylohyoid muscles, and anterior to a transverse line drawn on each axial image through the posterior edge of the 
submandibular gland. Level IA represents those nodes that lie between the medial margins of the anterior bellies of the digastric muscles, above the level of the lower body of the hyoid bone, and below the mylohyoid muscle (these were 
previously classified as submental nodes). Level IB represents the nodes that lie below the mylohyoid muscle, above the level of the lower body of the hyoid bone, posterior and lateral to the medial edge of the ipsilateral anterior belly of the 
digastric muscle, and anterior to a transverse line drawn on each axial image tangent to the posterior surface of the submandibular gland on each side of the neck (these are also referred to as submandibular nodes). Level II extends from the 
skull base at the lower level of the bony margin of the jugular fossa to the level of the lower body of the hyoid bone. Level II nodes lie anterior to a transverse line drawn on each axial image through the posterior edge of the 
sternocleidomastoid muscle, and they lie posterior to a transverse line drawn on each axial scan through the posterior edge of the submandibular gland. However, any nodes that lie medial to the internal carotid artery (ICA) are 
retropharyngeal and thus not level II.

Level III nodes lie between the level of the lower body of the hyoid bone and the level of the lower margin of the cricoid cartilage. These nodes lie anterior to a transverse line drawn on each axial image through the posterior edge of the 
sternocleidomastoid muscle. Level III nodes also lie lateral to the medial margin of either the common carotid artery or the ICA. On each side of the neck, the medial margin of these arteries separates level III nodes, which are lateral, from 
level VI nodes, which are medial.

Thus, the revised classification uses the horizontal plane defined by the inferior border of the hyoid bone instead of the carotid bifurcation to delineate the boundary between level II and III. Similarly, the revised classification uses the 
horizontal plane defined by the inferior border of the cricoid cartilage instead of the junction between the superior belly of the omohyoid muscle to delineate the boundary between level III and level IV. However, from a surgical perspective, 
it is important to note the significance of the anatomic relationship between the omohyoid muscle and the internal jugular vein, because lymph nodes usually are located in this region. These nodes would be included in level III.

NECK DISSECTION CLASSIFICATION



The classification for neck dissection recommended by the American Head and Neck Society's committee is based on the following rationale: (1) that radical neck dissection is the standard basic procedure for cervical lymphadenectomy, and 
all other procedures represent one or more modifications of this procedures; (2) when the modification of the radical neck dissection involves the preservation of one or more nonlymphatic structures, the procedure is called modified radical 
neck dissection; (3) when the modification involves the preservation of one or more lymph node groups that are routinely removed in the radical neck dissection, the procedure is called SND; and (4) when the modification involves the 
removal of additional lymph node groups or nonlymphatic structures relative to the radical neck dissection, the procedure is called extended radical neck dissection (see Table 116-1 ).

Radical Neck Dissection

Definition.

This procedure includes the removal of all ipsilateral cervical lymph node groups extending from the body of the mandible superiorly to the clavicle inferiorly and from the lateral border of the sternohyoid muscle, the hyoid bone, and the 
contralateral anterior belly of the digastric muscle anteriorly to the anterior border of the trapezius muscle posteriorly.[53] Included are all lymph node groups from levels I through V, the spinal accessory nerve, the internal jugular vein, and the 
sternocleidomastoid muscle ( Figure 116-3 ). It does not include the removal of the postauricular and suboccipital nodes, the periparotid nodes (except for a few nodes located in the tail of the 

 
Figure 116-3 Radical neck dissection; the boundaries of dissection are depicted by the heavy line. (Courtesy of Douglas Denys, M.D.) 

 

Figure 116-4a Incisions for radical and modified radical neck dissections. A, Hockey stick. B, Boomerang. 

 

Figure 116-4b C, McFee. D, Modified Schobinger. E, Apron or bilateral hockey stick. 



 

Figure 116-5 Steps of the radical neck dissection. 

 

Figure 116-6 Boundaries of the modified radical neck dissection, in which there is preservation of the spinal accessory nerve, the sternocleidomastoid muscle, and the internal jugular vein. (Courtesy of Douglas Denys, M.D.) 



 

Figure 116-7 Steps of the modified radical neck dissection, in which there is preservation of the spinal accessory nerve, the internal jugular vein, and the sternocleidomastoid muscle. 

 

Figure 116-8 Modified radical neck dissection in which there is A, preservation of the spinal accessory nerve only, and B, preservation of the spinal accessory nerve and internal jugular vein. (Courtesy of Douglas Denys, M.D.) 

 

Figure 116-9 Boundaries of the selective neck dissection for oral cavity cancer, SND (I–III) or supraomohyoid type. (Courtesy of Douglas Denys, M.D.) 



 

Figure 116-10 Incisions for SND (I–III). A, Modified apron incision. B, Apron incision. C, Boomerang incision. D, Bilateral boomerang incision. 



 

Figure 116-11a Steps of the selective neck dissection for oral cavity cancer (SND I–III). A, Modified apron incision. B, Flap raised in the subplatysmal plane to expose the upper two-thirds of the carotid sheath and the submandibular and 
submental triangle; exposure of the upper third of the spinal accessory nerve and dissection of the submuscular recess (level IIB). C, Dissection of level III and preservation of the cervical plexus. D, Completion of the dissection of levels III 
and IIA. 

 

Figure 116-11b E, Dissection of level I. 



 

Figure 116-12 Boundaries of the selective neck dissection for oropharyngeal, laryngeal, and hypopharyngeal cancer, SND (II–IV) or lateral type. (Courtesy of Douglas Denys, M.D.) 

 

Figure 116-13 Incisions for SND (II–IV). A, Hockey stick. B, Bilateral hockey stick. 



 

Figure 116-14a A, Localization of retroauricular and suboccipital lymph nodes. 

 

Figure 116-14b B, Selective neck dissection for posterior scalp and upper posterolateral cutaneous malignancies, SND (II–V, postauricular, suboccipital) or posterolateral neck dissection. (Courtesy of Douglas Denys, M.D.) 

 

Figure 116-15 Boundaries of the selective neck dissection for thyroid cancer, SND (VI) or anterior neck dissection. (Courtesy of Douglas Denys, M.D.) 

 

Figure 116-16 Steps of the SND (VI). 



 

Figure 116-17 Extended radical neck dissection, with resection of the common carotid artery. (Courtesy of Douglas Denys, M.D.) 

 

Figure 116-18 Algorithm for cervical lymphadenectomy options in patients with carcinomas of the upper aerodigestive tract, assuming that cervical lymphadenectomy is the treatment of choice for these regional lymph nodes. SND, 
Selective neck dissection; MRND, modified radical neck dissection. 

 
 
REFERENCES  
 



1. Ambrosch P and others: Efficacy of selective neck dissection: a review of 503 cases of elective and therapeutic treatment of the neck in squamous cell carcinoma of the upper aerodigestive tract, Otolaryngol Head Neck Surg 124:180, 2001.  
 
2. Andersen PE and others: Results of selective neck dissection in management of the node-positive neck, Arch Otolaryngol Head Neck Surg 128:1180, 2002.  
 
3. Ballantyne AJ: Classical and functional neck dissection. In Ariyan S, editor: Cancer of the head and neck. St Louis, 1987, Mosby.  
 
4. Ballantyne AJ: Significance of retropharyngeal nodes in cancer of the head and neck, Am J Surg 108:500, 1964.  
 
5. Biller HF and others: Carotid artery resection and bypass for neck carcinoma, Laryngoscope 98:181, 1988.  
 
6. Blair VP, Brown JP: The treatment of cancerous or potentially cancerous cervical lymph nodes, Ann Surg 98:650, 1933.  
 
7. Bocca E, Pignataro O: A conservation technique in radical neck dissection, Ann Otol Rhinol Laryngol 76:975, 1967. 

2644

 
 
8. Boyd TS and others: Planned postradiotherapy neck dissection in patients with advanced head and neck cancer, Head Neck 20:132, 1998.  
 
9. Byers RM: Modified neck dissection: a study of 967 cases from 1970 to 1980, Am J Surg 150:414, 1985.  
 
10. Byers RM, Ballantyne AJ: Selection criteria for modified neck dissection with postoperative irradiation for N3 staged metastases. In Chretien PB and others, editors: Head and neck cancer. Philadelphia, 1985, Mosby.  
 
11. Byers RM and others: Frequency and therapeutic implications of "skip metastases" in the neck from squamous carcinoma of the oral tongue, Head Neck 19:14, 1997.  
 
12. Byers RM and others: Selective neck dissections for squamous carcinoma of the upper aerodigestive tract: patterns of regional failure, Head Neck 21:499, 1999.  
 
13. Carter RL and others: Transcapsular spread of metastatic squamous cell carcinoma from cervical lymph nodes, Am J Surg 150:495, 1985.  
 
14. Chepeha DB and others: Selective neck dissection for the treatment of neck metastasis from squamous cell carcinoma of the head and neck, Laryngoscope 112:434, 2002.  
 
15. Clayman GL and others: The role of neck dissection after chemoradiotherapy for oropharyngeal cancer with advanced nodal disease, Arch Otolaryngol Head Neck Surg 127:135, 2001.  
 
16. Crile G: Excision of cancer of the head and neck, JAMA 47:1780, 1906.  
 
17. Crumley RL, Smith JD: Postoperative chylous fistula prevention and management, Laryngoscope 86:804, 1976.  
 
18. Doweck I, Robbins KT and others: Neck level-specific nodal metastases in oropharyngeal cancer: is there a role for selective neck dissection following definitive radiation therapy? Head Neck 25:960, 2003.  
 
19. Fisch UP, Sigel ME: Cervical lymphatic system as visualized by lymphography, Ann Otol Rhinol Laryngol 73:869, 1964.  
 
20. Goffinet DR, Paryani SB, Fee WE: Management of patients with N3 cervical lymphadenopathy and/or carotid artery involvement. In Chretien PB and others, editors: Head and neck cancer, Philadelphia, 1985, Mosby.  
 
21. Grubb RL and others: Importance of hemodynamic factors in the prognosis of symptomatic carotid occlusion, JAMA 280:1055, 1998.  
 
22. Hehr T and others: Selective lymph node dissection following hyperfractionated accelerated radio-(chemo-)therapy for advanced head and neck cancer, Strahlenther Onkol 178:363, 2002.  
 
23. Jesse RH, Ballantyne AJ, Larson D: Radical or modified neck dissection: a therapeutic dilemma, Am J Surg 136:516, 1978.  
 
24. Johnson JT and others: The extracapsular spread of tumor in cervical-node metastases, Arch Otolaryngol 107:725, 1981.  
 
25. Kennedy JT, Krause CJ, Lovey S: The importance of tumor attachment to the carotid artery, Arch Otolaryngol 103:70, 1977.  
 
26. Kocher: Ueber radicalheilung des krebses, Dtsch Z Chir 13:134, 1880.  
 
27. Konsulov SS and others: Selective neck dissection in treatment of node-positive neck cases, Folia Med (Plovdiv) 43:27, 2001.  
 
28. Kuntz AL, Weymuller EA Jr: Impact of neck dissection on quality of life, Laryngoscope 109:1334, 1999.  
 
29. Leemans CR and others: The efficacy of comprehensive neck dissection with or without postoperative radiotherapy in nodal metastases of squamous cell carcinoma of the upper respiratory and digestive tracts, Laryngoscope 100:1194, 1990.  
 
30. Leipzig B and others: Functional evaluation of the spinal accessory nerve after neck dissection, Am J Surg 146:526, 1983.  
 



31. Lindberg R: Distribution of cervical lymph node metastases from squamous cell carcinoma of the upper respiratory and digestive tracts, Cancer 29:1446, 1972.  
 
32. Marks SC and others: Blindness following bilateral radical neck dissection, Head Neck Surg 12:342, 1990.  
 
33. Martin H: The treatment of cervical metastatic cancer, Ann Surg 114:972, 1941.  
 
34. McCready RA and others: What is the role of carotid arterial resection in the management of advanced cervical cancer? J Vasc Surg 10:274, 1989.  
 
35. McQuarrie DG and others: A physiologic approach to the problem of simultaneous bilateral neck dissection, Am J Neurosurg 134:455, 1977.  
 
36. McGavran MH, Bauer WC, Ogura JH: The incidence of cervical lymph node metastases from epidermoid carcinoma of the larynx and their relationship to certain characteristics of the primary tumor, Cancer 14:55, 1961.  
 
37. Medina JE, Byers RM: Supraomohyoid neck dissection: rationale, indications and surgical technique, Head Neck Surg 11:111, 1989.  
 
38. Moore O, Baker HW: Carotid artery ligation in surgery of the head and neck, Cancer 80:712, 1955.  
 
39. Morton DL and others: Technical details of the intraoperative lymphatic mapping for early stage melanoma, Arch Surg 127:392, 1992.  
 
40. Nahum AM, Mullally W, Marmor L. A syndrome resulting from radical neck dissection, Arch Otolaryngol 74:82, 1961.  
 
41. Nigauri T and others: [Treatment strategy for cervical node metastasis from squamous cell carcinoma of the oropharynx], Nippon Jibiinkoka Gakkai Kaiho 103:803, 2000.  
 
42. O'Brien CJ and others: Neck dissection with and without radiotherapy: prognostic factors, patterns of recurrence, and survival, Am J Surg 152:456, 1986.  
 
43. Olcott C and others: Planned approach to the management of malignant invasion of the carotid artery, Am J Surg 142:123, 1981.  
 
44. Pan D, Narayan D, Ariyan S: Merkel cell carcinoma: five case reports using sentinel lymph node biopsy and a review of 110 new cases, Plast Reconstr Surg 110:1259, 2002.  
 
45. Parkard JH: A system of surgery, theoretical and practical in treatises by various authors, ed 1. Philadelphia, Henry C. Lea's Sons & Co, 1881.  
 
46. Pelliteri PK, Robbins KT, Neuman T: The expanded application of selective neck dissection with regard to nodal status, Head Neck 19:260, 1997.  
 
47. Pitman KT and others: Sentinel lymph node biopsy in head and neck squamous cell carcinoma, Laryngoscope 112:2101, 2002.  
 
48. Pitman KT and others: Sentinel lymph node biopsy in head and neck cancer, Oral Oncol 39:343, 2003.  
 
49. Remmler D and others: A prospective study of shoulder disability resulting from radical and modified neck dissections, Head Neck Surg 8:280, 1986.  
 
50. Robbins KT and others: Standardizing neck dissection terminology, Arch Otolaryngol 117:601, 1991.  
 
51. Robbins KT and others: Efficacy of targeted chemoradiation and planned selective neck dissection to control bulky nodal disease in advanced head and neck cancer. Arch Otolaryngol Head Neck Surg 125:670, 1999.  
 
52. Robbins KT and others: Neck dissection classification and TNM staging of head and neck cancer. In Robbins KT, editor: Pocket guide to neck dissection classification and TNM staging of head and neck cancer, ed 2. Alexandria, Virginia, 2001, American Academy of Otolaryngology. 

2645

 
 
53. Robbins KT and others and the Committee for Head and Neck Surgery and Oncology, American Academy of Otolaryngology—Head and Neck Surgery: Neck dissection classification update. Revisions proposed by the American Head and Neck Society and the American Academy of Otolaryngology—Head and Neck Surgery, Arch Otolaryngol Head Neck Surg 128:751, 2002.  
 
54. Robbins KT: Classification for neck dissection, ed 2, monograph, American Academy of Head and Neck Surgery, 2001.  
 
55. Rochlin DB: Posterolateral neck dissection for malignant neoplasms, Surg Gynecol Obstet 115:369, 1962.  
 
56. Rouviere H: Anatomy of the human lymphatic system. Ann Arbor, Michigan, Edward Brothers, 1938.  
 
57. Royster MP: The relation between internal jugular vein pressure and pressure in the operation of radical neck dissection, Ann Surg 13:831, 1953.  
 
58. Saunders JR Jr, Hirata RM, Jaques DA: Considering the spinal accessory nerve in head and neck surgery, Am J Surg 150:491, 1985.  
 
59. Schmiedek P and others: Improvement of cerebrovascular reserve capacity by EC-IC arterial bypass in patients with ICA occlusion and hemodynamic cerebral ischemia, J Neurosurg 81:236, 1994.  
 
60. Schuller DE and others: Analysis of disability resulting from treatment of radical neck dissection or modified neck dissection, Head Neck 6:551, 1983.  
 
61. Shah JP and others: Neck dissection: current status and future possibilities, Clin Bull 11:25, 1981.  



 
62. Shah JP: Patterns of lymph node metastases from squamous carcinomas of the upper aerodigestive tract, Am J Surg 160:405, 1990.  
 
63. Short SO and others: Shoulder pain and function after neck dissection without preservation of the spinal accessory nerve, Am J Surg 14:482, 1984.  
 
64. Skolnik EM and others: The posterolateral triangle in radical neck surgery, Arch Otolaryngol 102:1, 1976.  
 
65. Snow GB, Larson DL, Guillamondegui OM and others: Prognostic factors in neck node metastasis. In Cancer of the neck. New York, 1986, MacMillin Publishing.  
 
66. Sobol S and others: Objective comparison of physical dysfunction after dissection, Am J Surg 150:503, 1985.  
 
67. Som PM, Curtin HD, Mancuso AA: The new imaging-based classification for describing the location of lymph nodes in the neck with particular regard to cervical lymph nodes in relation to cancer of the larynx, ORL J Otorhinolaryngol Relat Spec 62:186, 2000.  
 
68. Spiro JD, Spiro RH, Strong EW: The management of chyle fistula, Laryngoscope 100:771, 1990.  
 
69. Sterns MP, Shaheen OH: Preservation of the accessory nerve in dissections, J Otol Rhinol Laryngol 95:1141, 1981.  
 
70. Strong EW: Preoperative radiation and neck dissection, Surg Clin Am 49:271, 1969.  
 
71. Suarez O: El problema de las metastasis linfáticas y alejadas del cancer de laringe e hipofaringe, Rev Otorhinolaringol 23:83, 1963.  
 
72. Sugarbaker ED, Wiley HM: Intracranial pressure studies incident resection of the internal jugular vein, Cancer 4:242, 1951.  
 
73. Toker C: Some observations on the distribution of metastatic squamous cell carcinoma within cervical lymph nodes, Ann Surg 157:419, 1963.  
 
74. Urken M and others: Salvage surgery for recurrent neck carcinoma modality therapy, Head Neck Surg 8:332, 1986.  
 
75. Ward GE, Robben JO: A composite operation for radical neck dissection and removal of cancer of the mouth, Cancer 4:98, 1951.  
 
76. Weitz JW, Weitz SL, McElhinney AJ: A technique for preserving spinal accessory nerve function in radical neck dissection, Heart Surg 5:75, 1982.  
 
77. Wenig BL, Heller KS: The syndrome of inappropriate secretion diuretic hormone (SIADH) following neck dissection, Laryngoscope 97:467, 1987.  
 

2646

Chapter 117 - SURGICAL COMPLICATIONS OF THE NECK

Carol M. Bier-Laning 

INTRODUCTION

Complications relating to surgery of the neck depend on factors broadly classified as surgical factors and patient factors. Surgical factors include the type of procedure, choice of incisions, surgeon's experience, length of surgery, and other 
details that are often difficult to quantify. Patient factors consist of the general health and nutritional status of the patient, body habitus, the extent of the neoplasm, and other conditions that may or may not be possible to modify 
preoperatively. Although any combination of surgical factors and patient factors may exist in a single case, this chapter focuses primarily on neck dissection for squamous cell carcinoma. The risk factors for these malignancies include use of 
tobacco products and heavy alcohol consumption. Because of this, when assessing patient factors, it is important to consider other medical ramifications of tobacco and alcohol use, including pulmonary disease, cardiovascular disease, 
hepatic disease with possible associated coagulation defects, and malnutrition.

Despite these many variables, complications of surgery of the neck are well known. Some complications are specific to structures in the neck, whereas others, such as hematoma and infection, occur in all parts of the body. Some 
complications are a necessary result of complete tumor extirpation. This chapter outlines and identifies the most common avoidable complications resulting from neck surgery to aid in their prevention.

WOUND COMPLICATIONS

Incisions

Well-planned incisions may not prevent wound complications, but poorly chosen incisions can lead to flap necrosis, wound breakdown, and carotid exposure. Important factors to consider are the location of the tumor, exposure of the 
primary tumor when a combined procedure is planned, previous incisions, and the need to resect incisions from previous biopsies or other involved skin. A study of 184 neck dissections in 166 patients showed a statistically significant 
increase in the incidence of wound dehiscence (but not other complications such as seroma, hematoma, wound infection, or fistula formation) when a triradiate incision was used compared with an apron flap incision (11% vs 0%). In 
addition, these authors noted an increase in wound dehiscence in previously irradiated necks, but the increase was significant only for the triradiate incision.[56] On the basis of these findings, they recommend the use of the apron vs the 
modified MacFee incision in previously irradiated necks, because they believe the former gives easier access to important neck structures.[56] Because neck dissection is generally indicated only for malignancy, only secondary emphasis may 



be given to cosmesis as it relates to the incision. Once the issues of appropriate cancer treatment have been addressed, consideration may be given to improving the appearance of the neck dissection defect. The deep plane neck lift has been 
described to offset the cosmetic defect of a radical neck dissection.[17] 

Various neck incisions have been described ( Figure 117-1a and Figure 117-1b ). A general principle for any neck incision is elevation in a subplatysmal plane. This plane is avascular and therefore aids in surgical dissection. Separate limbs 
of the incision should meet at right angles to decrease the risk of flap tip necrosis. Any limb should avoid running along the carotid artery and, in particular trifurcation points, should avoid the carotid artery in the event of wound breakdown. 
Lesser procedures than neck dissection should include the same careful planning in the event that a neck dissection is necessary in the future.

Infection

When considering neck dissection, a distinction must be made between a neck dissection performed as a separate procedure and one combined with resection of the primary tumor involving contamination of the
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Figure 117-1a Incisions for major head and neck oncologic surgery should provide good exposure and viable coverage for underlying structure: A, Conley incision; B, Schobinger incision; C, modified H incision; D, MacFee incision. E, T 
incision. 

 

Figure 117-1b F, Martin incision; G, utility incision; and H, Frazier incision. (From Everts EC, Cohen JI, McMenomey SO: Surgical complications. In Cummings CW and others, editors: Otolaryngology—Head and Neck Surgery, ed 2, St 
Louis, 1992, Mosby.) 



 

TABLE 117-1 -- EXAMPLES OF ANTIBIOTIC REGIMENS BASED ON SURGICAL PROCEDURE AND LIKELY CONTAMINANTS OF SURGERY

Type of Surgery Organisms to be Covered Example of Antibiotic Regimen

Neck dissection Skin flora (gram-positive bacteria) First-generation cephalosporin[6] [11] 

  Clindamycin[6] 

  Penicillins[6] 

Clean-contaminated case Skin flora (gram-positive bacteria), oral flora (anaerobes) Cefazolin and metronidazole[52] 

  Clindamycin[11] 

Clean-contaminated case when gram-negative coverage is 
deemed important

Skin flora (gram-positive bacteria), oral flora (anaerobes, probability of gram-negative 
bacteria)

Sulbactam-ampicillin[9] 

  Cefazolin and aminoglycoside[11] 

  Clindamycin and aminoglycoside[44] 
 
blood loss, disruption of suture lines, airway compromise, compromise of the vascular pedicle of a flap used for reconstruction, and wound infection.

Bleeding and hematoma formation can be handled differently. Matory and Spiro[36] recognized that patients who had postoperative wound bleeding had a prolonged hospital stay. The shortest increase was noted in patients who went to the 
operating room for reexploration compared with those explored at the bedside or observed. In 31 patients returned to the operating room and explored, a bleeding vessel was identified in only 14. In 13 patients explored at the bedside, a 
bleeding vessel was identified in 5.

Although identifying factors that predispose to wound bleeding can be difficult, several guidelines are useful. It is important to identify patients who are receiving anticoagulant or platelet-inhibiting drugs preoperatively so that these drugs 
can be discontinued or modified (e.g., warfarin should be converted to heparin, which can be discontinued for the procedure). Good surgical practice involves careful observation and attention to hemostasis at the end of the case, with the 
patient's blood pressure in the range of normal. Drains should be placed in a dependent position. The drains should be placed to suction immediately and constantly to prevent the formation of a clot around the drain, rendering it useless. 
Finally, communication with the anesthesiologist aids in the patient emerging from general anesthesia as smoothly as possible to avoid acute hypertension and struggling.

Radiation and Chemotherapy Effects

Both radiation and chemotherapy have effects on tissue that can have an impact on wound healing. Although controversy exists as to whether these effects impact the risk of complications in all cases, these effects may
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sometimes be significant. Knowledge of these effects can be used to modify procedures on patients previously exposed to these forms of management.

Radiation dose is calculated in grays (Gy), which measure the amount of energy deposited in tissue per unit mass. One gray equals 1 J of energy per kilogram of tissue. Thus 1 Gy equals 100 rad, and 1 cGy equals 1 rad.[38] 

Dose alone gives incomplete information on the biologic effect of the radiation.[20] Total dose, dose per fraction, and the time over which the total dose is given are the important parameters that describe the effect of radiation. Radiation causes 
both early and late effects. The early effect is caused by the DNA damage and cell death in rapidly dividing cells. The most important factor affecting the risk of injury to early-responding tissues is the overall treatment time.[20] The late effect 
is thought to be caused by microvascular damage and the depletion of slowly dividing cells. The important factor affecting the risk of injury to late-responding tissues is the fraction dose.[20] Because of these principles, there are characteristic 
early and late injury patterns in the head and neck. Acute injury manifests as mucositis, xerostomia, and decreased taste. Chronic injury manifests as dilation and obliteration of capillaries and increased fibrous tissue within the submucosal 
and subcutaneous tissue planes.[20] This decreased vascularity and increased fibrosis leaves irradiated tissue more susceptible to trauma, including the trauma of surgery, infection, and irritation.

Radiation has been shown to affect wound healing. A single dose of 300 cGy or less anytime does not affect wound healing, but a dose of 1000 cGy or more given within 3 weeks of injury retards wound healing.[16] In a study of 34 patients 



who underwent planned neck dissection after treatment with chemoradiotherapy or radiotherapy alone, there was a significant difference in the incidence of skin flap necrosis between those patients who had received <70 Gy of preoperative 
radiotherapy (0% incidence of skin flap necrosis) and those who received >70 Gy of radiation (33% incidence of skin flap necrosis).[14] When salvage or other surgery is performed in previously irradiated tissue, these effects should be 
considered. The decreased vascularity and increased fibrosis may increase the chances of postoperative infection and wound breakdown with possible salivary contamination and carotid artery exposure. Other complications including the 
need for tracheotomy, nerve transection and paresis, and permanent hypocalcemia were seen in 16% of 69 patients who underwent neck dissection after chemoradiotherapy. [51] The effects of previous radiation are especially important to 
consider when concomitant conditions that may affect vascularity (e.g., diabetes, hypertension) are present. Closure without tension, well-planned surgical incisions, and the use of nonirradiated distant tissue for closure or vascular coverage, 
such as pedicled flaps or free-tissue transfer, are important considerations in these patients.

Empiric studies have given some guidance on the timing of radiation relative to surgery. With regards to preoperative radiation, a large study of 69 patients who underwent preoperative chemoradiotherapy before neck dissection found an 
acceptable incidence of wound healing complications (10%) in patients who underwent neck dissection in the range of 5 to 17 weeks after completion of therapy.[51] The authors suggest that this time frame is a "window" between the acute 
and chronic phases of chemoradiotherapy injury. Postoperative radiotherapy is generally considered safe to begin 3 to 6 weeks after surgery. Although radiotherapy given 1 week after injury showed no detectable clinical effects on healing or 
tensile strength,[16] this time course is generally impractical given the overall condition of the patient. With appropriate precautions and good nutritional support, patients with open neck wounds undergoing postoperative radiotherapy did not 
experience serious complications. [21] In fact, 10 of 13 patients in this study ultimately healed the open wound, with 6 of 10 experiencing spontaneous healing.

Chemotherapy seems to impact wound healing by its effect on white blood cells. Wound healing occurs on a continuum: (1) inflammation involves polymorphonuclear cells and monocytes and the release of various humoral factors; (2) 
proliferation involves capillary formation and fibroblast proliferation; and (3) maturation involves decreased fibroblasts and macrophages and increased collagen and wound tensile strength. [16] Chemotherapy may cause transient neutropenia, 
which limits the patient's ability to heal, presumably by interfering with the inflammatory phase of healing. Because the effects of chemotherapy are transient, the timing of injury relative to the administration of chemotherapy seems 
important. An absolute neutrophil count of <500 cells/mL is thought to be detrimental to wound healing, and the critical period for wound-healing difficulty seems to be within the first 5 to 7 days after injury.[16] The general recommendation 
is to allow the patient's white count to increase before surgery if possible. Chemotherapy causing a significant decrease in the white count should be avoided within approximately 1 week of a surgical procedure.

Chyle Leak

Chyle leak is an uncommon complication of neck dissection, occurring in approximately 1% to 2% of cases.[13] Most chyle leaks occur in the left side of the
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neck because of the anatomy of the thoracic duct. This structure ascends through the chest cavity and carries fats in the form of chylomicrons absorbed from the gut. It empties into the left subclavian vein, near the entrance of the left internal 
jugular vein. Because of this position, it is at risk for injury at the time of neck dissection. The lymphatic duct is a somewhat analogous structure in the right side of the neck. It is a shorter structure, draining lymph fluid from the right side of 
the head, neck, upper extremity, right side of the chest, and the convex surface of the liver. The lymphatic duct empties into the right subclavian vein, near the junction of the right internal jugular vein. This structure also may be injured 
during neck dissection and, although its origin is different, can cause a chylous leak. Up to 25% of chyle leaks after neck dissection have occurred in the right side of the neck.[13] 

During dissection in the region of the lower jugular vein, the thoracic or lymphatic duct should be carefully ligated if identified. To ensure that no injury has occurred or to verify adequate repair, positive airway pressure should be applied for 
30 seconds or more. If milky or oily-appearing fluid emanates from the jugular stump, repair and ligation should be continued until this finding is no longer noted. Nonabsorbable suture, Surgicel, and sclerosing agents (e.g., tetracycline) 
have been recommended for this use.[47] 

Identification of a chylous leak in the postoperative period is usually heralded by high-output milky drainage. Other causes can account for increased drain output, such as bleeding, serous drainage, or salivary fistula. This may make 
identification of a chylous fistula difficult. Rodgers and others[43] analyzed drain output from uncomplicated neck dissections and found that the normal triglyceride content of neck drainage is <100 mg/dL. In addition, the presence of 
chylomicrons does not necessarily imply the presence of a chyle fistula, because uncomplicated neck drainage showed up to 4% chylomicrons, even after centrifugation.

Once a chylous fistula is recognized, conservative therapy may be attempted. This consists of head elevation, continued suction drainage, pressure dressings, and replacement of fluid lost through the fistula, which can reach up to 4 L/day.[47] 
In addition, nutritional modification consisting of a medium chain triglyceride (MCT) enteral diet or total parenteral nutrition (TPN) should be instituted. The rationale for the former is that long-chain triglycerides are broken down into their 
components, fatty acids and glycerol. The fatty acids are packaged into chylomicrons and absorbed into the lymphatic duct. Medium-chain fatty acids are, however, absorbed directly into the portal system and bypass the lymphatics. The use 
of MCTs through an enteral pathway has been shown to be effective in the management of postoperative chylous fistula and has prevented the need for parenteral hyperalimentation, with its associated morbidity.[34] 

When conservative measures fail, reoperation is necessary. Patients in whom chylous drainage is >600 mL/24 hours are likely to have conservative therapy fail. Early reoperation in this group is thought to decrease the overall morbidity and 
hospital stay.[50] In a recent series of 15 patients treated at a single institution, it was noted that conservative medical management ultimately failed in three patients.[41] Review of these patients revealed that each was identified by a peak 24-
hour drainage >1000 mL that did not promptly respond to medical management. These three patients each responded to reoperation. More problematic were two patients who had prolonged low-output fistulas that ultimately responded to 
medical management lasting >10 days but had complications related to their prolonged medical management.[41] A variety of surgical approaches have been suggested, including fibrin glue, use of muscular flaps, and tetracycline or 
doxycycline as a sclerosing agent; these latter agents are known to be neurotoxic.[41] 

Chylothorax is an uncommon complication after a chylous fistula in the neck. The cause of this complication is debatable. Two theories have been proposed: (1) fluid extravasates through the wall of the thoracic duct in the mediastinum 
because of increased pressure in the system after the duct is ligated in the neck; and (2) fluid continues to leak after unsuccessful ligation in the neck but passes downward into the mediastinum.[27] This complication has been successfully 
treated by chest drainage and TPN,[24] although a new method of treatment with subcutaneous somatostatin injections for 1 week was successful along with other conservative measures in treating bilateral chylothorax after neck dissection.[2] In 
fact, this treatment may become a useful adjunct to the conservative management of chylous fistula after neck dissection, because use of a somatostatin analog was successful in the case of a cervical thoracic duct fistula after revision 
thyroidectomy and neck dissection.[54] 

VASCULAR COMPLICATIONS

Internal Jugular Vein

When performed as classically described, modified and functional neck dissections, which have been popularized since the 1960s, include preservation of the internal jugular vein. Although left intact, this vessel is at risk for associated 



complications, namely thrombosis and rupture. Few studies have examined the integrity of the jugular vein after selective neck dissection, so accurate assessment of their incidence is impossible.
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An advantage to performing a neck dissection with preservation of the internal jugular vein is to avoid the complications associated with bilateral jugular vein occlusion if a contralateral radical neck dissection is performed synchronously or 
in the future. These serious complications include facial and cerebral edema and blindness, which has been reported as a rare complication after bilateral radical neck dissection.[1] [3] [33] Notably, blindness is a reported complication after head 
and neck surgery, as well as surgery in distant areas of the body, despite the preservation of one or even both jugular veins.[19] [31] The etiology of blindness in these cases may be due to increased cerebrospinal fluid pressure caused by 
thrombosis of the internal jugular vein or head positioning. The etiology may also be related to ischemia caused by anything that may affect the perfusion pressure of the posterior ciliary arteries, including atherosclerotic disease and 
intraoperative hypotension.[31] Late jugular vein occlusion after treatment of head and neck cancer is also known to occur. One report describes the use of endovascular stents in the unoperated neck in the case of a patient who had severe facial 
and cerebral edema develop, leading to loss of consciousness 2 years after unilateral radical neck dissection.[26] 

The rationale for jugular preservation is only valid if the retained jugular vein actually remains patent. One series examined 79 preserved jugular veins between 11 days and 113 weeks after neck dissection.[12] Computed tomography (CT) or 
magnetic resonance imaging (MRI) was used to assess for recurrence or as follow-up. Of the 79 veins, 68 (86%) were found to be patent by CT or MRI criteria. Of the 11 occluded or significantly compressed veins, 7 seemed to be caused by 
recurrent tumor. Four patients required a pectoralis major musculocutaneous flap for reconstruction, and three of these four had an occluded ipsilateral jugular vein. The final patient with an occluded vein received preoperative radiotherapy. 
Of 69 patients who received preoperative or postoperative radiation, however, only one experienced occlusion, excluding those patients whose veins were compressed by tumor or a flap.

In another series, 27 internal jugular veins were evaluated by retrograde venography within 90 days of surgery.[29] Nineteen were found to be patent. Of eight thrombosed veins, four occurred in the face of a postoperative salivary fistula, and 
another occurred after a severe wound infection. Notably, two patients who had a fistula develop were noted to have a patent jugular vein. The remaining three thrombosed veins were not associated with any identifiable risk factor, including 
the use of a myocutaneous flap. In fact, two patients with flaps maintained patency, and three patients with flaps who had thrombosed veins had other complications.

The question has been raised as to whether radiotherapy after a jugular-preserving neck dissection negatively impacts the patency of the vein. One series used ultrasound to examine jugular veins after neck dissection.[15] Data regarding the 
jugular vein at rest and its distensibility with Valsalva's maneuver were assessed. Seventeen patients who received both neck dissection and radiotherapy were identified. Of these patients, 13 had a simultaneous free tissue transfer with the 
venous anastomosis involving the jugular system on the side of the surgery. Three patients had normal jugular veins bilaterally, seven had normal or reduced sized veins with an abnormal Valsalva's response, and seven had decreased or 
absent flow in the ipsilateral jugular vein. The abnormal Valsalva's response is hypothesized to be a result of increased fibrosis of the tissues around the jugular vein secondary to the radiotherapy effect. Despite these abnormalities, no 
vascular problems were noted with the free tissue transfers. The ability to perform a successful long-term microvascular venous anastomosis seems to be a clear and attainable benefit of jugular vein preservation.

A rare complication of jugular vein-preserving neck dissection is jugular vein rupture. An 8-year retrospective review at a major institution revealed only four cases of jugular blowout.[53] These cases were complicated by a pharyngocutaneous 
fistula, and one patient also had a carotid artery rupture. Patients who suffer jugular vein rupture present with multiple, generally small bleeding episodes that may be aggravated by coughing. Life-threatening hemorrhage can occur, however. 
Management of this complication is surgical exploration and ligation of the jugular vein, distant from the site of the fistula. The carotid artery should also be carefully inspected, because the risk factors for jugular vein rupture are the same as 
those for carotid artery blowout. Preservation of the sternocleidomastoid muscle would be expected to provide some protection; however, two of four patients in this study had jugular rupture despite the preservation of this muscle.

In some cases, preservation of a single internal jugular vein (IJV) is impossible because of the extent of the cancer. Reconstruction of the IJV can be accomplished by an external jugular vein (EJV) to IJV anastomosis or by use of a 
saphenous vein interposition graft of the IJV itself or as an interposition graft between the IJV and the EJV.[25] When considering cases in which the disease demands bilateral sacrifice of the IJV, the gravity of the presence of significant 
bilateral neck disease must be considered. A review of 193 bilateral neck dissections[30] revealed that in the six patients in this series who required bilateral radical neck dissections, none survived for 5 years.
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Carotid Artery

Stimulation of the carotid sinus can occur during surgery or manipulation in the area of the carotid bulb. The carotid sinus, a blood pressure-regulating area, is found as a dilation of the proximal internal carotid and may involve the common 
carotid.[39] Stimulation of this area results in a compensatory drop in blood pressure, heart rate, or both. It is important for the surgeon to communicate with the anesthesiologist so that manipulation can stop immediately if this reflex is 
triggered. It has been suggested that this reflex can be blocked by the injection of 1% lidocaine without epinephrine in a subadventitial plane in the area of the carotid bulb.[47] 

Repair vs ligation of the carotid system secondary to trauma is controversial. Injury to the internal or common carotid system during neck dissection, however, should be repaired at the time of damage. Primary closure is generally sufficient, 
but the surgeon may wish to consult a vascular surgical colleague if in doubt.

One of the most feared complications of neck surgery is postoperative carotid rupture. The incidence of this complication is 3% to 7%, but the mortality rate from spontaneous rupture can be as high as 50%.[47] Wound breakdown, wound 
infection, and salivary fistula formation with carotid exposure and contamination are associated with this problem. Previous radiation is considered a risk factor for these problems, which are often, but not inevitably, associated with surgery 
in a previously radiated bed. Surgical technique also is important in preventing this complication. Careful handling of the carotid artery and preservation of the adventitia, which contains the vasa vasorum (the blood supply to the vessel wall), 
are important. If the sternocleidomastoid muscle will not be preserved, consideration may be given to protection of the carotid artery with another muscle flap or coverage with a dermal graft if the neck dissection is performed with a 
concomitant procedure that enters the pharynx and places the patient at risk for a fistula.

If wound breakdown causing a fistula has occurred, it is important to attempt to divert the salivary flow away from the carotid artery. This may require wide opening of other areas of the incision, because saliva takes the path of least 
resistance in the most dependent area of the neck. It is also important to keep the vessel moist to prevent desiccation. Some dressing materials absorb and retain moisture. These dressings, or a wet-to-wet dressing, are preferable to a wet-to-
dry dressing. As important as prevention is the recognition of an impending carotid artery rupture. This complication should be considered whenever the carotid artery is exposed to saliva, infection, or air. In the presence of a significant 
wound breakdown, the carotid often may be visualized. Desiccation of the vessel should alert the surgeon to possible rupture in the near future. Sentinel bleeding is a classic warning sign of impending blowout. Although much less dramatic 
than an actual carotid rupture, it should be given appropriate attention, and elective ligation should be considered.

Once the carotid has ruptured, it should be considered as any other site of hemorrhage. Direct pressure should be applied, and the operating room should be readied. Blood should be immediately cross-matched, and the patient's intravascular 



volume should be supported. Generally, the blowout is at or near the carotid bulb and is pinpoint in size. Finger pressure and gauze are usually sufficient to maintain pressure, although in this urgent situation, much more material may be 
placed in the neck and may interfere with appropriate control. If control is not adequate, excess dressing material and the blood clot should be cleared to allow for directed pressure and to prevent excessive pressure on the entire carotid, 
which may further decrease cerebral blood flow.

Although repair of the rupture is usually futile, because the vessel has obviously been damaged by the surrounding hostile conditions, endovascular stents have been described to repair carotid rupture or impending carotid rupture. [55] Ligation 
away from the contaminated area is a more traditional approach to treating carotid rupture. The vessel ends can be buried in local tissue for further protection. Significant differences have been noted in the risk of neurologic sequelae after 
elective vs emergency ligation. Moore, Karlan, and Sigler[40] reported a 23% risk of neurologic complications after elective ligation vs 50% after emergency ligation. The risk of death was 17% vs 38%, respectively. Martinez[35] also found a 
large difference in mortality. Of 11 patients with emergency ligation, 64% died compared with 14% of 7 patients with elective ligation. This difference is thought to be secondary to the hemodynamic compromise frequently associated with a 
sudden carotid rupture. This evidence should be considered when counseling a patient who is at risk for carotid blowout about possible carotid ligation.

NEURAL COMPLICATIONS

In general, nerve damage is caused by surgical inexperience with incomplete knowledge of the surgical anatomy or by the need to sacrifice structures in proximity to or involved by the malignancy. The best way to avoid injury is to be 
familiar with the anatomy. If a nerve is divided, inadvertently or intentionally, repair may be attempted primarily. If tension exists, a cable graft also may be considered, depending on the
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importance of the nerve, time constraints, and other factors.

Trigeminal Nerve

Branches of the mandibular division of the trigeminal nerve are at risk during a neck dissection. The inferior alveolar nerve and its terminal extension, the mental nerve, are at risk when standard neck dissection is combined with a procedure 
on the mandible. If the mandible must be sacrificed, the inferior alveolar nerve also will be lost. If, however, the mandible is only to be split, elevating the soft tissues medial to the mental foramen preserves the mental nerve and sensory 
innervation to the mental area.

The lingual nerve, another branch of the mandibular division of the trigeminal nerve, supplies sensation to the floor of mouth and the anterior two-thirds of the ipsilateral tongue. It also carries parasympathetic fibers, which convey taste 
sensation from the anterior two-thirds of the tongue, and fibers that innervate the submandibular gland. This nerve is at risk during dissection of the submandibular triangle. When the gland is dissected free from its surrounding attachments 
and retracted inferiorly, the nerve can be identified. The submandibular ganglion can be clamped and ligated near the gland to prevent injury to the lingual nerve. This maneuver further frees the gland and allows the lingual nerve to return to 
its position medial to the mandible.

Facial Nerve

In standard neck dissection, the only branches of the facial nerve at risk are the marginal mandibular and cervical branches. Only if the neck dissection is extended in a more superior aspect than normal would the main trunk of the nerve, as it 
exits the stylomastoid foramen lateral to the styloid process, be at risk. If this extension is necessary, the nerve should be identified as for a parotidectomy.

The cervical branch of the facial nerve innervates the platysma. Because this muscle is divided during elevation of the flaps, and therefore has questionable function after neck dissection, and because it is thought to be a vestigial muscle, 
sacrifice of this branch is not considered significant. The marginal mandibular branch of the facial nerve innervates the depressor muscles of the mouth. Because of this, sacrifice of this branch is noticeable during movement of the mouth and 
sometimes at rest. Patients also may complain of a lack of oral competence when this nerve is nonfunctional. This nerve follows a course along the inferior mandible and down into the neck before turning superiorly back toward the facial 
musculature. It is particularly susceptible to injury in the region of the angle of the mandible and the area of the submandibular triangle. This branch is deep to the platysma but superficial to the fascia over the submandibular gland. It may be 
protected, therefore, by elevating the fascia of the submandibular gland along with the neck flaps. The nerve also runs superficial to the facial vein. Therefore, ligation of this vein and superior retraction should aid in protecting this branch.

Vagus Nerve

The vagus nerve exits the base of the skull through the jugular foramen and descends in the neck within the carotid sheath. The first branch is the superior laryngeal nerve, which travels in close association with the superior thyroid artery. 
This nerve innervates the cricothyroid muscle through its external branch and supplies sensation to the supraglottic larynx through its internal branch. Damage to this branch may increase the risk of aspiration and can affect the singing voice 
but has little effect on the speaking voice.[47] 

The recurrent laryngeal nerve arises from the vagus nerve and has a different course in the right and left neck. In the right neck, the nerve loops around the subclavian artery and ascends in the tracheoesophageal groove. In the left neck, the 
recurrent laryngeal nerve branches from the vagus, loops around the arch of the aorta, and ascends in the neck in the tracheoesophageal groove. The recurrent laryngeal nerve innervates the intrinsic muscles of the larynx (except for the 
cricothyroid). Damage to this nerve results in unilateral vocal cord paralysis, which leads to varying degrees of breathy voice, ineffective cough, and risk of aspiration. This nerve is most at risk during thyroidectomy. The main trunk of the 
vagus may incur injury during neck dissection if the contents of the carotid sheath are not clearly identified or during ligation of the internal jugular vein at the skull base.

Spinal Accessory Nerve

The spinal accessory nerve exits the skull through the jugular foramen. It innervates the trapezius muscle. It can be located at the base of the skull adjacent to the jugular vein. It also can be located in the posterior triangle of the neck based on 
three landmarks: (1) the distance between the clavicle and the point at which the nerve passes under or pierces the trapezius is 2 to 4 cm; (2) the accessory nerve may be found within 2 cm above the point at which the greater auricular nerve 
curves forward from the posterior border of the sternocleidomastoid muscle across the muscle; and (3) the accessory nerve can usually be found along the top half of the posterior border of the sternocleidomastoid muscle.[49] 

Much controversy exists in the literature regarding sacrifice vs preservation of this nerve during neck
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dissection. The constellation of symptoms associated with sacrifice of this nerve is known as the eleventh nerve syndrome and was first described by Ewing and Martin. [18] This syndrome includes a dull ache, stiffness or soreness, drooping of 
the shoulder, aberrant scapular rotation, limited forward shoulder flexion, and limited active shoulder abduction. Radical neck dissection in which the accessory nerve is sacrificed does not uniformly result in shoulder complaints,[46] and 
conversely modified neck dissections that preserve this nerve can still result in disability.[7] Some of this discrepancy may be explained by the theory that adhesive capsulitis of the shoulder may be the cause of persistent shoulder problems in 
patients, even after recovery of a preserved spinal accessory nerve.[42] 

Preservation of the spinal accessory nerve generally relies on many factors, including location and extent of tumor, patient factors, and preference of the surgeon. Inadvertent damage to this nerve should be avoided in situations in which 
exposure is limited and the goal may not be tumor extirpation (e.g., biopsy of a neck mass in the posterior triangle). The spinal accessory nerve may be monitored to assist with its preservation,[34] but it is not clear whether monitoring this 
nerve is superior to knowledge of surgical anatomy and good surgical technique.

Hypoglossal Nerve

The hypoglossal nerve, which exits the skull base through the foramen of the same name, provides 

 
Figure 117-2 Anatomy of the cervical sympathetic trunk: phrenic nerve; vagus nerve; cervical sympathetic trunk; anterior scalene muscle; internal jugular vein; carotid sheath; common carotid artery; thyroid gland; and prevertebral fascia. 
(From Shockley WW, McQueen CT, Postma GN: Complications of neck surgery. In Weissler MC, Pillsbury HC III, editors: Complications of Head and Neck Surgery, New York, 1995, Thieme.) 
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Chapter 118 - DISORDERS OF THE THYROID GLAND

Phillip K. Pellitteri 
Steven Ing 

INTRODUCTION

Thyroid diseases are relatively common. They occur in the form of abnormalities in the size and shape of the thyroid gland (goiter) and of abnormalities of thyroid secretion. Nonthyroidal illness is accompanied by any alteration in thyroid 
physiology that can complicate the evaluation of thyroid status.

The scope of problems relating to thyroid disease can be so complex and encompassing as to create a major challenge to the diagnostic capabilities of the clinician. The patient may have such a variety of seemingly unrelated signs and 
symptoms as to lull the practitioner into a suspicion of hypochondriasis. This is especially true in our current "cost-effective" frame of mind in which screening batteries of diagnostic tests are no longer in vogue, and time is of the essence. 
The patient's symptoms can be confusing and bizarre, leading the physician at times to nonspecific diagnoses, such as psychological problems with depression or anxiety, chronic fatigue syndrome, cardiac failure, fibromyalgia, and a host of 
other nonspecific entities. The dilemma is more than simply one of hyperfunction vs hypofunction or nodular vs diffuse or benign vs malignant. Nor should the examination be merely one of placing the thumb on the lower neck while the 
patient swallows a few sips of water and answers a couple of quick questions about heat intolerance, weight changes, and gastrointestinal function.

In reality, the thyroid gland controls body metabolism and has a profound effect on all bodily functions. In addition, the peculiarities of development and the strategic location of the thyroid gland may produce symptom complexes that divert 
the physician's attention away from the thyroid gland and toward the symptoms itself. To be proficient in the management of thyroid disease, the physician must be knowledgeable about all phases of the embryology, anatomy, endocrine 



function, genetic implications, and environmental issues that may affect the thyroid, and he or she must be keenly suspicious of all the patient's signs and symptoms.

The patient's history and review of symptoms should be comprehensive. Generalized symptoms relating to hypothyroidism include weakness and fatigue with cold intolerance; weight gain; hair loss; edema of the hands and face; thick, dry 
skin and hair; and a decreased tendency to sweating. Otolaryngologic symptoms may include hearing loss, dizziness, tinnitus, voice aberrations, middle ear effusion, and slurred speech with an enlarged tongue. The gastrointestinal symptoms 
include constipation, anorexia, intermittent nausea and vomiting, and dysphagia and bloating. Dysphagia is especially common if there is external compression on the esophagus by a circumferential or enlarged thyroid gland. Genitourinary 
symptoms include menstrual disorders and a tendency toward polyuria. Cardiovascular symptoms include bradycardia, some elevation of the blood pressure, intermittent angina, at times pericardial effusion, and peripheral edema. Central 
nervous system symptoms may include daytime somnolence but insomnia at night, headaches and dizziness, mental and physical slowness, delayed reflexes, and psychological symptoms suggestive of depression or anxiety. Pulmonary 
symptoms may include shortness of breath if there is tracheal compression or pleural effusion. Finally, musculoskeletal symptoms include arthritis and stiffness of the joints with muscle cramps and weakness.

The general symptoms of hyperthyroidism commonly include a rapid heartbeat or perceptible palpitations, irritability, anxiety, easy fatigue, increased number of bowel movements with weight loss, and heat intolerance. Physical findings 
may include tachycardia with or without arrhythmia, moist warm skin, a fine tremor of the fingers, and the thyroid on many occasions is enlarged. Eye signs may be present including lid lag, eyelid retraction, and exophthalmos.
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The thyroid gland is strategically located in the lower anterior neck in close relationship to the larynx, the trachea, the esophagus, the carotid sheath structures, the sympathetic chain, the recurrent laryngeal nerve, and the mediastinal 
structures. Diffuse or nodular enlargement, whether benign or malignant, may cause compression or invasion of these adjacent structures. Resulting symptoms may include dysphagia, dyspnea, voice aberration, vocal cord paralysis, Horner 
syndrome, superior vena cava syndrome, and at times pericardial or pleural effusions.

The medical history may disclose a history of thyroid agenesis, prior thyroidectomy surgery, therapeutic irradiation with iodine-131 (131 I), external radiation therapy, Hashimoto's thyroiditis, history of laryngeal cancer or laryngectomy 
surgery, a history of cancer elsewhere with possible metastasis to the thyroid, and a history of other recent head and neck infections, which may have resulted in an inflammatory process within the thyroid gland.

PHYSICAL EXAMINATION

Facility with the examination of the thyroid and surrounding structures is essential for accurate diagnosis and appropriate management of malignant and benign thyroid disease. The patient is initially observed anteriorly. Some findings may 
be obvious, whereas others may be subtle. The clinical patient with hypothyroidism will usually seem more lethargic, perhaps somewhat overweight, and slower in response. Skin and hair may appear dry and coarse.

Conversely, the hyperthyroid patient may seem more anxious, thinner, somewhat more apprehensive with moist, warm skin and perhaps a visible tremor noted in his or her fingers. Eye signs may or may not be present. These may include 
exophthalmos, lid lag, or lid retraction.

In either the hypothyroid or the hyperthyroid patient, a diffuse or nodular goiter may not uncommonly be visible in the neck on simple inspection. The patient may have some aberration of the voice. The patient with hypothyroidism with 
myxedematous infiltration of the vocal cords will have a husky, raspy type voice. On the other hand, the patient whose recurrent laryngeal nerve is compromised by pressure or tumor infiltration will elicit the voice of a paralyzed vocal cord, 
which will be breathy, barely audible, and inefficient as far as air use is concerned. In other circumstances, the voice may have a guttural quality signifying obstruction of the aerodigestive passageway, usually at the level of the tongue base. 
This, of course, would suggest a lingual thyroid that has failed to descend along normal developmental pathways. Horner syndrome may be present with either benign or malignant thyroid disease. The patient may seem to have a hearing 
deficit in normal conversational situations. This may be the result of middle ear effusions that can be drained and reversed. On the other hand, inner ear myxedematous changes involving the cochlear or vestibular structures may contribute to 
a sensorineural type of hearing loss accompanied by tinnitus and vertigo. Facial swelling or plethora and the distention of the jugular veins may signify obstruction of the superior vena cava from benign or malignant substernal thyroid 
disease. Pemberton's sign should be elicited in patients with large goiters. Pemberton's sign is elicited by having the patient extend both arms above the head observing for facial erythema, swelling, and/or distention of the jugular veins 
indicating cervicothoracic inlet obstruction.

After careful observation of the patient's general appearance, the neck is examined. The thyroid should be examined from behind the patient. The thyroid is palpated initially for gross pathology. The patient is then asked to swallow several 
sips of water. This will move the thyroid cephalad and make the lower portion of the thyroid more easily approached. If the patient extends the neck less fully, the more inferior aspects of the thyroid (especially in patients with substernal 
goiter or kyphosis) may be easily and accurately examined. Moderate pressure in the tracheal groove on one side will facilitate more accurate palpation of the contralateral lobe. The examiner will note the size relative to a normal thyroid 
gland. Similarly, the size and locations of its nodules should be accurately recorded. A pyramidal lobe of the thyroid can sometimes be palpated in patients, especially those with Graves' or Hashimoto's disease. A thyroid nodule with recent 
hemorrhage may be moderately tender, whereas an acute, suppurative, or subacute viral thyroiditis is usually exquisitely tender to palpation. Not uncommonly, the pain from the thyroid will radiate to the ipsilateral ear.

The texture of the thyroid may suggest the etiology of the disease. Autoimmune thyroid disease often is seen as a firm, bosselated (cobblestone-like) gland. This, in conjunction with a low or elevated serum thyroid-stimulating hormone 
(TSH) level, should strongly suggest Graves' disease or Hashimoto's thyroiditis, respectively. Smooth nodularity of the thyroid usually represents colloid goiter. Although firm nodules may represent thyroid cancer, this clinical characteristic 
is not diagnostic.

Attention is next turned to the areas of lymphatic drainage of the thyroid. The superior pole and the lateral lobes drain superiorly and laterally toward the jugular lymph nodes, whereas the isthmus and lower poles of the thyroid drain 
inferiorly along the tracheoesophageal groove and into the mediastinum. Each side of the neck should be examined
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methodically from the mandible to the supraclavicular notch.

Once the observation of the external surfaces, as well as examination of the external neck, is accomplished, attention is turned to the internal examination of the aerodigestive system. Intraorally, the tongue in the myxedematous patient may 
be enlarged and thickened. Careful examination of the base of the tongue should be done to rule out a lingual thyroid gland. If present, this would indicate a developmental anomaly. The lingual thyroid can enlarge during periods of increased 
hormonal demand such as puberty and pregnancy. When this occurs, the guttural qualities of the voice may be even more profound. In addition, bleeding may occur from the lingual thyroid, and finally enlargement of the lingual thyroid may 
continue to the point of dysphagia and airway obstruction that may precipitate a semi-emergent condition. Most commonly, hormonal treatment will reduce the size of the mass on the back of the tongue. Occasionally, surgical intervention is 



required to ensure a safe airway. This area of the oropharynx and tongue base is usually readily examined with the aid of a tongue blade and a laryngeal mirror. However, in patients with an extremely active gag reflex, a better examination is 
usually obtained with the fiberoptic nasopharyngolaryngoscope.

Assessment of the etiology of the patient's hoarseness is determined with the fiberoptic nasopharyngolaryngoscope to obtain a dynamic examination of the hypopharynx and larynx. In the hypothyroid patient, the vocal cords are mobile. 
However, they may exhibit myxedematous changes, causing them to be thickened and at times even polypoid along the edges of the vocal folds. The voice in these instances is quite harsh and raspy. The airway may become partially 
compromised by the thickened myxedematous polypoid tissue, and at times it is necessary to surgically trim this back to ensure an adequate airway.

When one vocal cord is paralyzed, the airway initially becomes incompetent. The patient may cough or choke on liquids or secretions unless careful swallowing is followed. The larynx is inefficient and will produce only two or three words 
per each breath of air. The voice is of an exaggerated, forced, whispered quality. As time passes, the larynx will compensate somewhat by having the mobile vocal cord cross the midline to partially close the deficit in the airway. This will 
improve speech and swallowing almost to normal levels. It is important that preoperative laryngeal examination be done before thyroid surgery to establish the mobility of the vocal cords. Because it is possible to have a nearly normal 
sounding voice with one cord paralyzed, it is important for the operating surgeon to know that there is a paralyzed cord, because injury to the opposite cord would then precipitate the more emergent situation of bilateral vocal cord paralysis 
and the probable need for subsequent tracheostomy and/or thyroplasty. Paralysis of the vocal cords usually implies compromise of the recurrent laryngeal nerve on the ipsilateral side. This may be secondary to pressure on the nerve but more 
likely is caused by infiltration of the nerve by malignancy.

External compression on the trachea and/or esophagus by thyroid masses can lead to severe dyspnea and/or dysphagia. It is important to know whether the airway and esophageal involvement are secondary to external compression alone or 
whether there is an element of tumor infiltration within these organs. Therefore, internal examination with a bronchoscope and an esophagoscope is necessary to determine the status of these organs. At times, radiographic studies are 
necessary to complement the examinations and to aid in planning of surgery. Under such circumstances, barium swallow of the esophagus may outline the areas of obstruction.

In summary, elucidating the various etiologies of thyroid disease is often accomplished by considering the aggregate data available on the patient's history, clinical examination, by chemical and imaging studies, and by specific diagnostic 
examinations.

PHYSIOLOGY OF THE THYROID GLAND

The thyroid gland produces two hormones, 3,5,3′-tri-iodothyronine (T3 ) and 3,5,3′,5′-tetraiodothyronine or thyroxine (T4 ). Both are iodinated derivatives of tyrosine. Hormone production is dependent on an external iodine supply and on 
intrathyroidal mechanisms for concentrating ingested iodide and then incorporating it into the tissue specific protein, thyroglobulin (Tg). The thyroid gland is unique within the endocrine system in having a large extracellular space, the 
follicular lumen, which is used for storage of the hormones and their precursors. As hormone is needed by the organism, Tg is retrieved by the cell, where the biologically active hormones are released from Tg before being passed into 
circulation ( Figure 118-1 ).

Iodide Transport

A daily dietary intake of at least 100 µg of iodine per day is required in man to ensure adequate production of thyroid hormone. In North America, the average daily intake is somewhat higher than this, largely because of the use of iodine as a 
food additive.[55] In many parts of the world, however, consumption is significantly below the minimum level, and iodine deficiency is the leading cause of thyroid-related disorders.

The thyroid normally concentrates iodide some 20-fold to 40-fold over the extracellular space and
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Figure 118-1 Synthesis and release of thyroid hormone. (1) Iodide transported into the thyrocyte at the basal cell membrane by the symporter (NIS) travels down its electrochemical gradient to the apical surface. (2) Tg's polypeptide chain is 
synthesized on the surface of the endoplasmic reticulum (ER) then translocated into its lumen. Here synthesis of carbohydrate units begins, and conformational changes transform the polypeptide chains into stable dimmers. Tg enters the 
Golgi where carbohydrate units are completed. (3) Uniodinated Tg travels to the apical surface in small vesicles (AV). (4) Here, Tg is iodinated and iodotyrosyls coupled to form T4 and T3 by thyroperoxidase in the presence of H2 O2 . (5) Tg, 
retrieved by micropinocytosis enters the endosome-lysosomal pathway, where proteolysis and hormone release occurs. (6) Alternatively, Tg, retrieved by macropinocytosis travels to lysosomes in colloid droplets (CD). (7) Thyroid hormones 
and precursors leave the lysosomes, and T4 and T3 enter the bloodstream. (8) MIT and DIT are deiodinated, and released iodide is recirculated. (From Dunn AD: In Pellitteri PK, editor: Endocrine surgery of the head and neck, New York, 
2003, Delmar Publishing, p 50.) 



 

TABLE 118-1 -- DRUGS USED IN HYPERTHYROIDISM

Drug Usual Starting Dose

Propylthiouracil (PTU) 200 mg PO tid

Methimazole (MMI) 20 mg PO bid

Propranolol 10–40 mg PO qid

Saturated solution of potassium iodide (SSKI) 1–2 ggts PO qd-tid

Compound solution of iodine (Lugol's solution) 2–5 ggts PO qd-tid

Dexamethasone 2 mg PO qid

Prednisone 40–60 mg po qd

Ipodate 1 g PO qd

Lithium 300–450 mg PO tid

Perchlorate 1 g PO qd

Cholestyramine 2–4 g PO bid-qid

Colestipol 5 g PO 1–5 times a day

Octreotide 50–100 µg sq bid-tid

Diltiazem 120 mg PO tid

PO, by mouth; sq, subcutaneously; ggts, drops; bid, twice a day; tid, three times a day; qid, four times a day; qd, every day.
 
Thyroid Hormone Mechanism of Action

The thyroid has multiple effects on development, growth, and metabolism. The first named are widespread phylogenetically and can be dramatically observed during the course of amphibian metamorphosis. The appropriate levels of thyroid 
hormone during fetal and neonatal stages in man are critical for the normal maturation of the central nervous system, as well as for muscle, bone, and lung. In severe cases of thyroid hormone deficiency during this period, the syndrome of 
cretinism results with its associated mental retardation, deafness, mutism, and stunted growth. [22] Similarly, an excess of thyroid hormone during these critical developmental periods can also result in neurologic abnormalities. The metabolic 
effects of thyroid hormone seem to be confined to birds and mammals, presumably evolving in response to the increased metabolic pressures of thermogenesis. Oxygen consumption and the metabolism of proteins, carbohydrates, and fats are 
all under thyroid hormone control.

Most effects of thyroid hormone are now believed to be exerted by interactions with specific nuclear thyroid hormone receptors, resulting in the altered expression of specific genes.[23] Thyroxine has little infinity for the nuclear receptors and 
must be first converted to T3 to be effective. The receptors themselves belong to a large superfamily of nuclear receptors, which includes the steroid hormones, retinoic acid, and vitamin D. The thyroid hormone receptors are closely related 
isoforms, despite being encoded by two different genes (alpha and beta).



The thyroid hormones may have some nongenomic actions, including plasma and mitochondrial membrane transport, familiarization of actin in astrocytes, and modulation of the activities of several enzymes including type II deiodinase. 
Such nongenomic effects tend to occur rapidly and, unlike nuclear events, T4 may be as effective or more so than T3 .

THYROID FUNCTION STUDIES

Thyroid function may be assessed by measuring circulating thyroid hormone levels, serum TSH concentrations, and thyroidal 123 I uptake.

Circulating Thyroid Hormone Measurement

Radioimmunoassay remains the standard method for measuring serum total T4 , although isotopic methods may also be used. Previous methods, none of which are used today, include the protein-bound iodine test, the butanol extraction 
iodine test, and T4 measurement by column or by competitive protein binding. Although the serum total T4 measurement generally reflects the functional status of the thyroid gland, a number of factors may alter total T4 levels without 
changing the individual's thyrometabolic status. The most common of these, in the ambulatory individual, is a change in concentration of TBG. High or low TBG states, with their respective increases and decreases in total T4 concentrations, 
do not affect metabolic status.

Elevated total T4 levels may also occur when there is production of endogenous antibodies to T4 , especially in patients with Hashimoto's thyroiditis or other autoimmune disorders and also occasionally in patients with Waldenstrom 
macroglobulinemia associated with a benign monoclonal gammopathy. [145] 

Another condition of elevated total T4 level is peripheral resistance to thyroid hormone. Individuals with this condition may have goiter, and they may also be hyperactive.[137] Patients with this disorder are euthyroid, and although rarely found, 
it has led to inappropriate treatment for hyperthyroidism.

The most widely used measurement of thyrometabolic status is measurement of serum free T4 by equilibrium dialysis.[121] When measured by the dialysis method, the free T4 is not affected by changes in binding protein concentrations or by 
nonthyroidal illness. This method is cumbersome and expensive, and it is therefore not routinely performed. Commercial free T4 levels are most commonly measured by immunoassay techniques, but their reliability is less than optimal, 
because they may be affected by illness or significant changes in binding proteins.[158] Thus, the clinical usefulness of free T4 measurements by any method may be limited. [87] 
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Although the thyrometabolic status is best reflected by the free T4 level, from a clinical standpoint, an index or estimate of free T4 is generally adequate. The free T4 index is obtained by multiplying the serum total T4 and an indirect 
assessment of thyroglobulin. Serum thyroglobulin is generally estimated by one of two methods, one termed the thyroid uptake test (TU) and the other the T3 uptake test (T3 U).[87] The TU is directly proportional to thyroglobulin levels in 
serum, whereas the T3 U is inversely proportional to thyroglobulin levels.[99] The result, by use of either method, is that variances in serum thyroglobulin levels are largely eliminated, and the calculated free T4 index accurately reflects actual 
free T4 status.

It should be noted that extreme changes in thyroglobulin levels, or the presence of the severe nonthyroidal illness, may result in poor correlation between calculated and measured free T4 levels.

T3 is measured in serum by radioimmunoassay. Like T4 , T3 is bound to thyroglobulin, although less avidly. Alterations in thyroglobulin levels result in changes in total T3 (but not free T3 ) concentrations. Therefore, as with serum T4 , an 
estimate or index of free T3 may be obtained by use of the same formula used in calculating the free T4 index.

Because most T3 is derived from peripheral metabolism of T4 , clinical states or pharmacologic agents that impair normal T4 metabolism result in lower T3 levels.

The principles used for obtaining the serum T3 are to determine the severity of hyperthyroidism and to confirm the diagnosis of suspected thyrotoxicosis in which serum T4 levels are normal or equivocal. In addition, the serum T3 may be 
indicated in evaluating patients with autonomously functioning thyroid adenomas, in whom so-called T3 toxicosis may be present. Such patients may have normal or borderline elevated serum T4 levels along with suppressed serum TSH 
levels.[20] 

Serum Thyrotropin Measurement

Until approximately 10 years ago, virtually all clinical TSH assays were performed by radioimmunoassay. By the mid 1980s, many commercial laboratories began using more sensitive immunometric TSH methods with either monoclonal or 
polyclonal antibodies. Functional sensitivity of these assays represented a 10-fold improvement in sensitivity over radioimmunoassay methods. Recently, nonisotopic immunometric TSH assays have been developed with a chemiluminescent 
label. These newer assays have a 10-fold greater sensitivity than the early immunometric TSH assays and are 100 times more sensitive than radioimmunoassay methods. These latest TSH assays, with a sensitivity of 0.01 mU/L, are currently 
termed third-generation TSH assays and represent the most sensitive method for detecting thyrotropin level.[159] 

The clinical application of thyrotropin detection may be summarized as follows: 

1.  The diagnosis of primary hypothyroidism. The presence of an elevated TSH is confirmation of primary hypothyroidism. The degree of hypothyroidism may be determined by obtaining a serum T4 level. TSH levels are also elevated in 
patients with subclinical hypothyroidism, in which total serum T4 is normal or borderline low.

2.  Guidance of thyroid hormone replacement therapy. The goal of treatment of primary hypothyroidism with levothyroxine is normalization of both serum T4 and TSH levels. Current TSH assays may detect over-replacement with 
levothyroxine, because TSH concentrations will be low. Chronic over-replacement with levothyroxine may be associated with cardiac abnormalities, including ventricular arrhythmias and ventricular septal hypertrophy, as well as bone 
demineralization, especially in postmenopausal women.[91] [141] [150] 

3.  Determination of TSH suppression in treating thyroid cancer. Thyroid suppressive therapy is part of the routine management of certain patients with well-differentiated thyroid carcinoma, because growth of these tumors may be TSH 



responsive. Treatment with levothyroxine is titrated to suppress TSH while attempting to avoid clinical hyperthyroidism. With few exceptions, suppressed TSH levels, when measured in third-generation assays, correlate with absent 
TSH response.[163] 

4.  Determination of suppressive therapy for nodular goiter. TSH measurements are useful for following patients with either solitary or multinodular goiter, in whom suppressive thyroid hormone therapy may be used. Although the efficacy 
of levothyroxine suppression for benign goiter is not uniformly agreed on, it is still frequently used.

5.  Diagnosis of subclinical hyperthyroidism. Patients with few or equivocal symptoms and signs of hyperthyroidism, with normal or borderline elevated total T4 and total T3 levels, and with suppressed serum TSH levels have subclinical 
hyperthyroidism.[140] Before the development of more sensitive TSH assays, these individuals usually went undiagnosed.
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The fact that serum TSH is abnormal in both hypothyroidism and hyperthyroidism would seem to make it ideally suited as a screen of thyroid status, because, with rare exceptions, a normal TSH level would suggest normal thyroid hormone 
homeostasis. Experience in ambulatory individuals suggests that a normal TSH virtually excludes the possibility of thyroid dysfunction.[41] In addition, the serum TSH level is more sensitive than the serum T4 level as a test for thyroid 
dysfunction, because TSH can detect subclinical thyroid disorders in which serum total T4 (and T3 ) is usually normal. Thus, as a result of advances in TSH methodology, measurement of circulating thyroid hormones may become assigned to 
a second line of assessment of suspected thyroid dysfunction. A number of investigators believe that the serum TSH is preferable as a screening method for thyrometabolic status.[91] [154] Figure 118-2 illustrates a suggested algorithm for the use 
of TSH level in the evaluation of thyroid function.

Serum Thyroglobulin Measurement

Thyroglobulin is elevated in the serum of patients with nearly all types of thyroid disorders, thus limiting its usefulness as a diagnostic test. Its greatest clinical value is in the management of patients with well-differentiated thyroid 
carcinoma. An elevated or rising thyroglobulin level (after initial surgical and 

 
Figure 118-2 Algorithm for using the TSH level in the evaluation of thyroid function. 

 

TABLE 118-2 -- ETIOLOGY OF THYROTOXICOSIS

Graves' disease

Thyroiditis

••Subacute thyroiditis

••Painless (silent) thyroiditis

••Postpartum thyroiditis

••Raditation-induced thyroiditis

Exogeneous thyrotoxicosis

••Thyroid hormone-induced thyrotoxicosis

••Iodine-induced thyrotoxicosis

••Drug and cytokine-induced thyrotoxicosis

Toxic uninodular goiter (toxic thyroid adenoma)



Toxic multinodular goiter

Autosomal-dominant and sporadic thyrotoxicosis

••McCune-Albright syndrome

Ectopic thyroitoxicosis (struma ovarii)

Thyroid carcinoma

Thyrotropin-dependent thyrotoxicosis

Pregnancy-related thyrotoxicosis

••Gestational thyrotoxicosis

••Trophoblastic tumors
 
and the presence or absence of thyroid pain and tenderness.

Graves' Disease

Graves' disease is by far the single most common cause of thyrotoxicosis. It most commonly occurs in women 30 to 60 years old but may occur in children and in adult men and women of any age. It is fundamentally an autoimmune disorder 
consisting of one or more of the following: hyperthyroidism (with thyrotoxicosis), diffuse thyroid enlargement, infiltrative ophthalmopathy (exophthalmos), localized myxedema (dermopathy), and thyroid acropachy. Toxic goiter may appear 
alone or may be seen before, during, or after the patient has ophthalmopathy develop. Ocular signs range from mild periorbital puffiness to severe extraocular muscle dysfunction with proptosis, corneal ulceration, and optic neuritis and 
blindness. The extrathyroidal manifestations of Graves' disease can occur in the absence of thyroid disease.

The major gross anatomic abnormality in patients with Graves' thyrotoxicosis is diffuse thyroid enlargement. Microscopic examination reveals hypertrophy and hyperplasia of the thyroid follicular cells.

The natural history of Graves' thyrotoxicosis varies considerably in different patients. Some patients have a single episode of thyrotoxicosis (and Graves' disease) that subsides spontaneously in a few months or years. Other patients have 
lifelong thyrotoxicosis, and still others have repeated remissions and relapses. In patients who are treated with an antithyroid drug, the occurrence of a remission of Graves' disease means that prolonged therapy is not required. Although the 
disease potentially undergoes spontaneous remission, prolonged antithyroid medication, 131 I ablation, or surgery is usually necessary to control the thyrotoxicosis.

Well-differentiated thyroid cancer is approximately two times more prevalent in patients with Graves' disease than the general population.[110] Well-differentiated thyroid cancers may contain TSH receptors that can be stimulated by the 
thyroid-stimulating immunoglobulins. These tumors associated with Graves' disease tend to be larger and more aggressive and have more local invasion with more regional lymph node metastases than cancers occurring without Graves' 
disease.[15] When a palpable, hypofunctional thyroid nodule is found in a patient with Graves' disease, it has about 45% probability of being a thyroid malignancy.[15] Therefore, a palpable hypofunctional nodule in a diffuse toxic goiter of 
Graves' disease should be regarded with great suspicion and, if proven to be malignant, should be managed aggressively.[110] 

An antithyroid drug and radioactive iodine (131 I) are the two best treatments for patients with Graves'
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thyrotoxicosis. Both methods are effective, safe, and relatively inexpensive. They represent treatments for hyperthyroidism rather than for the autoimmune process itself, although some antithyroid drugs may also have an immunosuppressive 
effect. The antithyroid drugs used in the United States are methimazole (MMI) and propylthiouracil (PTU). These drugs inhibit thyroid hormone biosynthesis by inhibiting the oxidation and organification of iodine and the coupling of 
iodotyrosines, reactions that are catalyzed by thyroid peroxidase.[169] PTU also inhibits the thyroidal and extrathyroidal conversion of T4 to T3 .[114] Both medications are concentrated in the thyroid, and intrathyroidal concentrations, especially of 
MMI, remain high for considerably longer than do serum concentrations. [84] 

MMI and PTU have immunosuppressive actions that may contribute to the occurrence of remissions of Graves' disease. Both drugs reduce the number of intrathyroidal T cells and inhibit lymphocyte function, including thyroid autoantibody 
production in vitro, although the latter actions require very high concentrations. [179] 

The initial goal of antithyroid drug therapy is to inhibit thyroidal T4 and T3 synthesis almost completely. Neither drug has an affect on the release of thyroid hormones stored in the thyroid gland, and their onset of action is thus relatively slow, 
depending on the severity of disease, size of the goiter, drug dosage, and timing. Release of intrathyroidal hormone stores, which may be substantial, continues until they are depleted.

Adverse reactions to antithyroid drugs are uncommon and probably occur with equal frequency with either MMI or PTU. Pruritus, urticaria or other rashes, arthralgia or myalgia, and fever occur in approximately 5% of patients taking either 
drug.[44] Both drugs may result in dysgeusia. The most dangerous adverse effect is agranulocytosis, occurring in 0.2% or less of patients taking these medications.[176] Rare adverse affects include aplastic anemia, thrombocytopenia, 
hepatocellular hepatitis (PTU), or cholestatic hepatitis (MMI), and a lupuslike vasculitis (PTU).[61] [103] 

Inorganic iodine inhibits thyroid hormone secretion, primarily by inhibiting thyroglobulin proteolysis, and also inhibits thyroidal iodine transport, oxidation, and organification.[169] These actions require only a few milligrams of iodine daily 
and may be administered in dosages of 5 to 10 drops of a saturated solution of potassium iodide (Lugol's solution) several times daily. This compound is often given in preparation for thyroidectomy, both for its antithyroid action and because 
it reduces thyroid blood flow, theoretically reducing hemorrhage at the time of surgery. Lithium carbonate demonstrates antithyroid action similar to those of inorganic iodine and has proved effective in doses of 300 mg three or four times 
daily.[94] Cholestyramine, when added to thioamides and β-blockers, leads to a more rapid decrease in thyroid hormone levels, especially in the first few weeks.[114] 

β-blockers are valuable in the management of hyperthyroidism. Independent of alteration of thyroid function, these drugs minimize many of the sympathetic overdrive symptoms found in hyperthyroidism such as tachycardia, excessive 
sweating, nervousness, tremors, and hyperdynamic cardiac activity. They are contraindicated in patients with severe thyrotoxic cardiomyopathy and heart failure but may benefit patients with atrial fibrillation and heart failure.[92] β-blockers 
are useful for the reduction of symptoms of thyrotoxicosis before and for several weeks after 131 I therapy, before subtotal thyroidectomy, in thyroiditis, and in thyroid storm.



In the United States, radioiodine is the preferred management for most adults and for children who have thionamides fail or who are poorly compliant with these medications. The goal of 131 I therapy is to reduce the amount of functioning 
thyroid tissue and, therefore, its efficacy is independent of whether a remission of Graves' disease occurs. A major advantage of 131 I therapy for patients with Graves' thyrotoxicosis are that usually only a single dose is necessary, it reduces 
thyroid size to normal in most patients, and it is safe.[40] Thionamides should be stopped for about 3 days before and after radioiodine therapy, which is usually effective in 2 to 4 months.

Radioiodine usually causes a transient exacerbation of thyrotoxicosis and rarely precipitates thyroid storm. This occurs within 1 to 2 weeks and is caused by radiation-induced thyroiditis; it is a major problem in seriously thyrotoxic or elderly 
patients. Thyrotoxicosis may also be exacerbated by stopping thionamides before radioiodine therapy. Hypothyroidism is not so much a complication of 131 I treatment as an almost inevitable consequence of it. Early hypothyroidism, defined 
as occurring within a year after treatment, is caused by the acute destructive effects of 131 I. Its frequency ranges from 40% to as high as 80% in patients treated with higher doses of radioiodine.[13] Lower doses result in early hypothyroidism 
less often and persistent thyrotoxicosis more often.

Some physicians have been reluctant to treat young adults and especially adolescents and children with 131 I. The reasons are that it might cause thyroidal or other tumors or gonadal damage, or the patient may be pregnant, which is an 
absolute contraindication to the treatment. 131 I crosses the placenta and can destroy the fetal thyroid, and therefore care must be taken to ensure that any young woman about to be treated with 131 I is not pregnant.
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Surgical therapy for thyrotoxic Graves' disease is effective and expeditious. The classic operation for surgical treatment of Graves' disease is subtotal thyroidectomy. Implementing this operation either unilaterally or bilaterally, a narrow 
margin of thyroid tissue in the superolateral aspect of the thyroid where the recurrent laryngeal nerve enters the larynx is preserved by dividing across thyroid tissue at that location.[113] This operation provides the additional benefit of 
preserving the blood supply to the superior parathyroid gland on one or both sides. The intended goal of the subtotal thyroidectomy is to leave between 3 and 6 g of thyroid tissue providing the benefit that patients become euthyroid without 
hormone replacement therapy.[163] The amount of thyroid tissue remnant preserved directly impacts the recurrence rate of hyperthyroidism and the development of long-term hypothyroidism.[165] For patients who have larger remnants preserved, 
an increased incidence of recurrent hyperthyroidism is noted that can often be treated with radioactive iodine ablation efficiently because of the preserved small amount of residual thyroid tissue.[164] Patients in whom more complete thyroid 
removal is performed are generally guaranteed to have resolution of their hyperthyroidism; however, long-term hypothyroidism will be the outcome of therapy.[134] 

Those favoring more complete surgical resection of thyroid tissue in the form of near total thyroidectomy for Graves' disease point out that long-term hypothyroidism may be easily remedied by appropriate hormone replacement therapy, 
whereas recurrent hyperthyroidism, as a result of leaving behind a larger than intended thyroid remnant, carries with it the need for further treatment.[95] Arguments have been raised in favor of subtotal thyroidectomy as a means by which 
complications such as permanent hypoparathyroidism and recurrent laryngeal nerve injury may be avoided.[95] However, the rate of permanent recurrent laryngeal nerve injury approaches zero, as does the rate of long-term hypocalcemia, in 
patients operated by experienced surgeons.[183] The general recommendation for the surgical approach in patients with indications for thyroidectomy is a near total thyroidectomy, thus completely eliminating the potential for recurrent or 
persistent hyperthyroidism.[117] [181] 

The absolute indications for surgical treatment for Graves' disease are in those patients who have significant adverse reactions to thionamide drugs and cannot be appropriately blocked before radioactive iodine administration.[129] Patients 
included in this category are those with very severe skin reactions, hepatic damage, or patients with agranulocytosis. Other indications for surgical therapy in patients with Graves' disease include those with very large thyroid glands in excess 
of 75 g and those patients in whom neoplasia is either suspected or proven within the setting of diffuse toxic nodular goiter.

Relative indications for surgical therapy are in young women of childbearing age, who wish to attempt achieving pregnancy or who are in the process of lactating and want to continue to do so. An additional relative indication for surgery as 
opposed to radioactive iodine is in those patients with moderate or severe ocular symptoms related to Graves' ophthalmopathy. Ophthalmopathy may be worsened with radioactive iodine administration secondary to the development of tissue 
edema and worsening of the ocular symptoms.[182] 

Patients undergoing surgery for Graves' thyrotoxicosis require preoperative preparation so as not to induce thyrotoxicosis on induction of general anesthesia and subsequent manipulation of the thyroid intraoperatively. This is accomplished 
by administering antithyroid drug treatment 4 to 6 weeks and inorganic iodine treatment for 7 to 10 days preoperatively. Treatment with a β-adrenergic antagonist drug for several weeks, with or without concomitant inorganic iodide for 10 
to 14 days, also has proved to be safe and effective preoperative therapy.[130] 

Postoperative problems after thyroidectomy include wound hematoma, transient or permanent hypocalcemia, vocal paresis or paralysis, recurrent thyrotoxicosis, and transient or permanent hypothyroidism. The frequency of nonthyroid 
complications is low, especially in experienced surgical hands. Transient hypocalcemia may occur secondary to temporary hypoparathyroidism or the healing of thyrotoxic osteopenia. The incidence of wound hematoma is less than 1% as is 
the incidence of permanent hypoparathyroidism.185 In addition, the risk of permanent injury to the recurrent laryngeal nerves in the setting of initial surgery is a fraction of 1%. [4] 

Thyroiditis

The thyrotoxicosis that occurs in all forms of thyroiditis is caused by T4 and T3 release from thyroglobulin as a result of thyroid inflammation and disruption of thyroid follicles. Because the stores of thyroglobulin are limited and the new T4 
and T3 synthesis ceases, the thyrotoxicosis is generally transient. Approximately half of patients with subacute or granulomatous thyroiditis have clinical manifestations of thyrotoxicosis, and a significant proportion of the remainder have 
high serum T4 and T3 concentrations.[42] This illness is dominated by nonspecific systemic manifestations of inflammation, including fever, malaise, and myalgias. In addition, localized symptoms of thyroid pain and tenderness are also noted 
that may be severe. Approximately 50% of the patients have a history of a
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recent upper respiratory tract infection preceding the illness. Any manifestations of thyrotoxicosis together with thyroid pain and tenderness are usually short-lived, lasting approximately 4 to 6 weeks or less. This inflammatory and thyrotoxic 
phase may be followed by transient hypothyroidism, but permanent hypothyroidism is rare. The thyroid gland is usually firm in consistency and may be quite hard. Cervical lymphadenopathy is distinctly uncommon. If pursued, thyroid 
radionuclide uptake scanning is generally low and ultrasonography reveals thyroid hypoechogenicity.[16] 

Indirect evidence suggests that subacute thyroiditis may be a viral illness, but conclusive proof is lacking. The disorder has been associated with mumps, influenza, adenovirus, and other viral infections, and small epidemics of subacute 
thyroiditis have been reported.[171] 



Both the inflammatory and the thyrotoxic components of subacute thyroiditis may be so mild and transient that no therapy is required. More often, thyroid pain and tenderness result in sufficient discomfort to warrant antiinflammatory 
therapy. Salicylates in doses of 2.4 to 3.6 g daily or high doses of other nonsteroidal antiinflammatory medications usually provide effective relief. Patients with severe thyroid pain and tenderness or those who do not improve readily and 
quickly with one of these medications should be treated with prednisone in a dose of approximately 40 mg daily for 3 to 4 weeks, after which the dose should be gradually reduced and then discontinued to minimize the likelihood of 
recurrence. Antiinflammatory therapy promptly relieves not only the symptoms of subacute thyroiditis but in addition probably reduces thyroid hormone release, thus accelerating recovery from thyrotoxicosis. The thyrotoxicosis itself 
usually requires no therapy, but in patients in whom thyrotoxic symptoms may become a problem, a β-adrenergic drug may be administered for approximately 1 to 2 weeks.

Thyrotoxicosis, which is caused by thyroid inflammation in the absence of thyroid pain and tenderness, is known as painless or silent thyroiditis and has also been termed subacute lymphocytic thyroiditis. It is an uncommon cause of thyroid 
toxicosis. Unlike Graves' disease, it occurs in near equal proportions of men and women. The thyroid gland is not painful or tender and does not appear enlarged, or perhaps only slightly enlarged. In contrast to subacute thyroiditis, there is 
generally no history of antecedent upper respiratory tract infection. None of the extrathyroidal manifestations of Graves' disease are generally present in this disorder. When present, the thyrotoxicosis associated with painless thyroiditis lasts 
2 to 6 weeks and is followed by either recovery or transient hypothyroidism that lasts an additional 2 to 8 weeks. Approximately half of the patients later had goitrous autoimmune thyroiditis, hypothyroidism, or both. Painless thyroiditis with 
thyrotoxicosis may likely represent a variant form of chronic autoimmune thyroiditis.

Radiation-induced thyroid follicular necrosis and inflammation occur regularly after 131 I therapy and occasionally are sufficiently intense to cause exacerbations of thyrotoxicosis, with or without thyroid pain and tenderness. These 
complications of 131 I therapy are most likely to occur 1 to 2 weeks after treatment, last a week or two, and then subside spontaneously.

Acute suppurative thyroiditis is most commonly caused by Staphylococcus aureus, Streptococcus hemolyticus, or Streptococcus pneumoniae but occasionally is caused by other organisms such as Fusobacterium and Haemophilus.[139] This 
bacterial infection of the thyroid gland may be the result of trauma, hematologic seeding from a distant infected site, or direct extension from a deep cervical infection. The infection is usually localized to a single lobe and most commonly 
develops an abscess cavity that may rupture through the glans capsule, extending into the mediastinum or the deep neck spaces along fascial planes. This disorder is especially common in children in whom a prodrome of malaise is followed 
by the acute onset of fever, neck pain and tenderness, severe systemic symptoms, and marked leukocytosis. Referred pain to the homolateral mandible and ear may be present and typically the child will fix the head and neck in a single 
position similar to torticollis. Localized tenderness over the gland and pain on head movement is commonly noted. This disorder may be difficult to distinguish from subacute nonsuppurative thyroiditis, but the pain is generally more severe, 
the thyroid hormone levels are generally normal, the erythrocyte sedimentation rate is normal, and the leukocyte count is high. Although the diagnosis is generally made on clinical grounds, needle aspiration of the abscess cavity will 
establish the bacterial organism causing the infection.

The initial therapy is the administration of high-dose antibiotics, usually penicillinase-resistant penicillin together with a cephalosporin, although antibiotics that cover anaerobic organisms should be considered. Antibiotic therapy that is 
started before the cavitary phase of the infection may be successful in limiting the progression of infection. However, once an abscess has been demonstrated on needle aspiration, surgical drainage is usually required. Drainage may involve a 
partial thyroidectomy to remove all evidence of abscess and necrotic tissue and to prevent recrudescence. The neck should be drained externally until purulence ceases, and antibiotics should be continued for at least 2 weeks after the surgical 
procedure. Both thyrotoxicosis during the course of infection and posttreatment
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hypothyroidism rarely develop in this entity in contrast to other types of inflammatory thyroiditis.

Exogenous Thyrotoxicosis

Thyrotoxicosis may occur as a result of either intentional or accidental administration of inappropriately high doses of thyroid hormone initiated by caregivers or patients themselves. Important clues to the presence of exogenous 
thyrotoxicosis are the absence of thyroid enlargement or the failure of thyroid enlargement to regress much if the treatment was given for this purpose. This occurs together with normal or low serum T4 concentrations if the patient is taking 
T3 or preparations containing T3 . These patients also demonstrate low thyroid radioiodine uptake values and low serum thyroglobulin concentrations. Despite the ability of iodine supplementation to decrease the size of goiter and improve 
thyroid function in patients located in regions of endemic goiter, it has the potential to induce thyrotoxicosis in these same patients. This usually occurs as a result of a preexisting thyroid abnormality that results in autonomous thyroid 
secretion—for example, Graves' disease or, more commonly, a nodular goiter—but insufficient iodine intake to permit excessive production of T4 and T3 . Iodine-induced thyrotoxicosis may also occur in nonendemic goiter regions.[162] Most of 
these patients have autonomously functioning thyroid tissue, such as a multinodular goiter or a thyroid adenoma, that transports iodide poorly.

Amiodarone, because it contains iodine, can cause iodine-induced thyrotoxicosis in patients with nodular goiter.[10] It may also cause painless thyroiditis that is sufficiently severe to cause thyrotoxicosis, apparently because of a direct toxic 
effect of the drug or one of its metabolites.

Approximately 2% of patients who are treated with interferon-α have thyrotoxicosis develop, caused mostly by painless thyroiditis but sometimes overt Graves' disease.[64] This thyrotoxicosis is generally more subclinical than overt.

Toxic Thyroid Adenoma

Toxic uninodular goiters or toxic thyroid adenoma are autonomously functioning thyroid neoplasms.[31] Among patients with these adenomas, about 20% have overt and 20% subclinical thyrotoxicosis at the time of diagnosis.[77] Although these 
neoplasms occur in adults of all ages and occasionally in children, most patients demonstrating thyrotoxicosis are in older age groups. Hemorrhagic infarction of a nontoxic thyroid adenoma may result in a transient thyrotoxicosis.[65] 

The characteristic finding in patients with toxic thyroid adenoma is a solitary thyroid nodule, which is usually 3 cm or more in diameter. Radionuclide uptake imaging of the thyroid demonstrates intense nuclear uptake in the location of the 
palpable nodule and nearly complete absence of uptake in the remainder of the thyroid gland.

Management of the toxic adenoma is required unless spontaneous infarction occurs, because the resultant thyrotoxicosis is usually permanent. Definitive treatment may be obtained by either surgical resection of the adenoma through thyroid 
lobectomy or 131 I ablative therapy. Definitive 131 I therapy carries a slight to moderate risk of either transient or permanent hypothyroidism after completion of therapy, although with appropriate dosing of 131 I, this may be minimized. Surgical 
resection may be carried out after 4 to 6 weeks of antithyroid drug administration as well as a 7- to 10-day course of inorganic iodine therapy in the form of Lugol's solution. Complications after lobectomy are generally exceedingly rare, and 
the surgical resection is usually definitive, resulting in no evidence of recrudescent thyrotoxicosis or evidence of hypothyroidism.[60] An alternative approach that is performed more commonly in Europe than in the United States is the 
percutaneous administration of ethanol directly into the adenoma by use of ultrasound needle guidance. Although there may be some discomfort associated with the injections, long-term complications are rare, and it seems to be a safe 



procedure done in appropriately experienced hands. The shortcoming of this technique is that it may require multiple treatment sessions. This approach may be desirable in patients who are poor candidates for surgical resection and wish to 
avoid exposure to radioiodine.

Toxic Multinodular Goiter

Thyrotoxicosis may occur late in the natural history of multinodular goiter, usually in women 50 years old or older. The characteristic patient with this disorder has a long history of thyroid enlargement with insidious development of 
subclinical and then subsequently overt thyrotoxicosis. These patients generally do not demonstrate ophthalmopathy or localized myxedema and do not undergo spontaneous remissions; thyrotoxicosis generally persists until the autonomous 
thyroid tissue is destroyed.

131 I is generally the treatment of choice for patients with thyrotoxicosis caused by a multinodular goiter, primarily because spontaneous remission does not occur and because surgical resection generally requires removal of most of the 
thyroid gland.

Patients who are not candidates for radioiodine therapy or who refuse this modality may undergo surgery after preparation with an antithyroid medication and inorganic iodine therapy, similar to patients
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being treated for Graves' disease surgically. The usual operation is either bilateral subtotal thyroidectomy or near total thyroidectomy with preservation of a 3- to 6-g remnant of thyroid tissue. Surgery is more effective in rapidly reducing the 
effects of thyrotoxicosis than is 131 I and is attractive in terms of volume reduction of goiter size. Surgery may be more likely to result in long-term or permanent hypothyroidism. [12] 

Ectopic Thyrotoxicosis

The only recognized etiologies of thyrotoxicosis caused by excessive ectopic thyroid hormone secretion are dermoid tumors and teratomas of the ovary. Most of the uncommon patients with substantial amounts of thyroid tissue in their 
tumors (struma ovarii) who have thyrotoxicosis also have Graves' disease or a multinodular goiter.[27] Thus, they have one of the common causes of thyrotoxicosis, affecting both the thyroid gland and the ectopic thyroid tissue within the 
ovarian tumor. In the absence of a functional thyroid gland because of surgical removal or radioiodine ablation, the ovarian tumor may be the only source of excessive thyroid hormone in these patients when it contains a toxic thyroid 
adenoma. [109] 

Special Situations in Thyrotoxicosis

Subclinical Thyrotoxicosis

Subclinical thyrotoxicosis is characterized chemically by the demonstration of a normal serum T4 and T3 with low TSH concentrations. Most patients with subclinical thyrotoxicosis are asymptomatic, but a few may demonstrate nonspecific 
symptoms or physical signs compatible with overt thyrotoxicosis. The course of this disorder is generally variable, with some patients demonstrating resolution within a period of weeks to years, others maintaining a state of subclinical 
thyrotoxicosis, and a smaller percentage (approximately 10%) demonstrating the development of overt thyrotoxicosis.[107] There seems to be some increased risk of progression to overt thyrotoxicosis in patients who also have thyroid 
adenomas, multinodular goiters, or history of Graves' disease.[58] [147] 

If the disorder is due to overt administration of exogenous thyroid hormone, the treatment of choice is to reduce the dosage of thyroid hormone supplementation. If the disorder is secondary to native thyroid disease, treatment is rarely 
required, primarily because the disorder generally remains asymptomatic. If the disorder is associated with a solitary thyroid adenoma, surgical resection of the adenoma or131 I therapy may be the treatment options. In the setting of 
multinodular goiter or Graves' disease, patients may be treated with either 131 I and/or antithyroid medication.

Thyroid Storm

Severe, life-threatening thyrotoxicosis is referred to as thyroid storm. This disorder usually occurs abruptly in a thyrotoxic patient who has had an acute infection or other medical illness, an injury, or a major operation. It may also occur after 
131 I therapy, discontinuation of an antithyroid medication, or spontaneously.

The index clinical findings in patients with thyroid storm are fever greater than 38.5°C, tachycardia, and generally some type of central nervous system dysfunction. Central nervous system abnormalities that may be noted include anxiety, 
agitation and delirium, possibly acute psychosis or seizures, and as a terminal event, coma. Severe cardiovascular effects such as congestive heart failure or atrial fibrillation may also be present.[30] 

Determinative laboratory abnormalities in patients with thyroid storm are generally not found. Serum T4 and T3 concentrations may be high but no more so than in ordinary thyrotoxicosis. Serum free T4 and T3 concentrations may be 
somewhat more elevated than in less ill patients with thyrotoxicosis.[25] 

The treatment of thyroid storm should be directed toward decreasing production of T4 and T3 , peripheral production of T3 , and the peripheral actions of thyroid hormone, as well as administering supportive treatment to maintain adequate 
cardiovascular and central nervous system function. Antithyroid medications should be given in large doses, if necessary by nasogastric tube or rectally. Propranolol given orally or intravenously is the most immediately effective treatment 
for the tachycardia and neuromuscular dysfunction of thyroid storm. Glucocorticoids are usually given in large doses, such as 50 mg of hydrocortisone or 2 mg dexamethasone intravenously every 8 hours. The rationale for glucocorticoid 
therapy is that adrenocorticotropic hormone (ACTH) and cortisol secretion may not increase sufficiently to meet cortisol requirements in patients who are quite ill and in whom cortisol degradation is increased. Inorganic iodine should be 
given orally or by nasogastric tube in a dose of 50 to 100 mg four times daily to inhibit the thyroidal release of T4 and T3 after administration of the antithyroid medication. Additional supportive systemic therapy should include treatment to 
reduce hyperpyrexia and appropriate parenteral fluid and electrolyte support.

HYPOTHYROIDISM

Prevalence



Hypothyroidism affects women fourfold to sixfold more often than men and rises with increasing age. The National Health and Nutrition Examination Survey (NHANES III), a sample of 17,353 persons age ≥12 years representing the 
geographic and ethnic
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distribution of the US population from 1988 to 1994, reported a prevalence of clinical hypothyroidism at 0.3% and subclinical hypothyroidism at 4.3%.[81] Thyroid peroxidase antibodies were elevated in 11.3%, and thyroglobulin antibodies 
were elevated in 10.4%. Thyroid peroxidase antibody positivity was associated with hypothyroidism (and hyperthyroidism), but thyroglobulin antibodies were not.

Etiology

Hypothyroidism can be classified (in order of decreasing frequency) as thyroid (primary), pituitary (secondary), or hypothalamic (tertiary) failure and thyroid hormone receptor resistance. Causes of primary hypothyroidism are shown in Box 
118-1 . Worldwide, the most common cause of hypothyroidism is iodine deficiency. In iodine-sufficient areas, such as the United States, the most common cause is chronic autoimmune (Hashimoto's) thyroiditis. With current administered 
doses of 131 I for patients with Graves' disease, approximately 90% become hypothyroid by the first year.[47] External neck irradiation in a cohort of 1677 patients with Hodgkin's disease followed for a mean of 9.9 years was associated with a 
cumulative incidence of hypothyroidism of 30.6%, highlighting the importance of continued clinical and biochemical evaluation. [78] 

 
 

Box 118-1. CAUSES OF PRIMARY (THYROIDAL) HYPOTHYROIDISM

Thyroid agenesis 
 
Destruction of thyroid tissue 
 
Surgical removal 
 
Therapeutic irradiation (131 I or external radiation) 
 
Autoimmune (Hashimoto's) thyroiditis 
 
Replacement by cancer and infiltrative diseases (amyloidosis, scleroderma) 
 
Postthyroiditis (acute or subacute) 
 
Postlaryngectomy alone or with external irradiation 
 
Inhibition of thyroid hormone synthesis and/or release 
 
Iodine deficiency 
 
Iodine administration in persons with underlying autoimmune thyroiditis (amiodarone, iodine-containing 
expectorants, kelp, SSKI, Lugol's solution, povidone-iodine, iodine-containing radiocontrast agents) 
 
Other medications with antithyroid action (methimazole, propylthiouracil, lithium, interferon-α, interferon-β, 
interleukin-2) 
 
Inherited enzyme defects 
 
Transient 
 
After surgery or 131 I therapy 
 
Postpartum 
 
Recovery from thyroiditis 
 
Autoimmune (Hashimoto's) thyroiditis 
 
After withdrawal of thyroid hormone in euthyroid patients. 
 

 
Modified from Braverman, Utiger Introduction to hypothyroidism. In Braverman LE, Utiger RD editors: Werner and 



Ingbar's the thyroid: a fundamental and clinical text, ed 7, Philadelphia, 1996, Lippincott-Raven, p 736.

 
 
Clinical Features

The severity of clinical features depends on the severity of thyroid hormone deficiency rather than etiology. Persons with mild hypothyroidism with elevated TSH but normal free T4 (subclinical hypothyroidism) may have few or no 
symptoms. At the opposite extreme, persons with severe hypothyroidism may have myxedema coma. Even in persons with overt biochemical hypothyroidism, severity of symptoms is variable. In general, patients are more symptomatic if 
hypothyroidism develops rapidly. Elderly patients demonstrate fewer symptoms than younger patients.[56] Common symptoms of hypothyroidism such as fatigue, constipation, dry skin, and cold intolerance may be mistakenly misinterpreted 
as part of the normal aging process.

Hypothyroidism should be suspected in persons with goiter and risk factors ( Box 118-2 ). With the widespread use of the serum TSH assay, hypothyroidism is frequently detected at an earlier stage. The classic symptoms and signs of 
hypothyroidism are now less frequently found ( Box 118-3 ).

Otolaryngologic Manifestations

Hearing loss.

Hearing loss may be conductive, mixed, or sensorineural in origin. It occurs more frequently and with greater severity in congenital than in adult hypothyroidism.[122] Progressive mixed hearing loss is reported in one half to nearly all children 
with endemic cretinism,[116] but only approximately 30% to 40% of adults with myxedema have bilateral sensorineural hearing loss. Substantial deafness persists
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after T4 therapy in 10% of children with congenital hypothyroidism.[49] Although it mainly occurs in primary hypothyroidism, deafness has been reported with panhypopituitarism.[52] 

 
 

Box 118-2. RISK FACTORS FOR HYPOTHYROIDISM

Older age 
 
Female gender 
 
Graves' disease 
 
Hashimoto's disease 
 
Other autoimmune disease (e.g., type 1 diabetes, adrenal insufficiency, vitiligo) 
 
Postthyroidectomy 
 
Goiter 
 
Prior neck irradiation 
 
Laryngectomy alone or with external irradiation 
 
Drugs: lithium, amiodarone, iodine-containing compounds 
 

 
 
 
 

Box 118-3. SYMPTOMS AND SIGNS OF HYPOTHYROIDISM

General: Fatigue, weakness, lethargy 
 
Weight gain 
 
Cold intolerance 
 
Ear, nose, throat: Macroglossia 



 
Hearing loss, vertigo, tinnitus 
 
Hoarseness of voice 
 
Middle ear effusion 
 
Blurred vision 
 
CNS: Slowed speech, movement, and mentation 
 
Delayed relaxation phase of deep tendon reflexes 
 
Gastrointestinal: Constipation 
 
Anorexia, nausea, vomiting 
 
Dysphagia 
 
Ascites 
 
Cardiovascular: Bradycardia 
 
Diastolic hypertension 
 
Pericardial effusion 
 
Integumentary: Dry, rough, thick skin 
 
Coarse hair 
 
Nonpitting edema (myxedema) 
 
Periorbital edema 
 
Loss of lateral eyebrows 
 
Decreased perspiration 
 
Carotenemia 
 
Musculoskeletal: Arthralgia 
 
Carpel tunnel syndrome 
 
Pulmonary: Pleural effusion 
 
Dyspnea on exertion 
 
Genitourinary: Menstrual irregularity (oligomenorrhea, menorrhagia) 
 

 
Modified from Watanakunakorn and others: Arch Intern Med 16:183, 1965.

 
 
Children with cretinism may have anomalous ossicles involving any bone in the middle ear and also may have atrophy of the organ of Corti.[115] The tectorial membrane is the first structure to change, followed by degeneration of hair cells at 
the basal turn of the cochlea, with prolongation of wave I; outer hair cells remain intact.[67] Patients with acquired hypothyroidism who have hearing loss may display similar abnormalities. Only a few adults and almost no children with a well-
established hearing loss improve with thyroid hormone therapy.

Some adults with severe myxedema have bilaterally symmetric and progressive sensorineural hearing loss that worsens as the severity of hypothyroidism increases. Conductive losses also may occur as a result of edema of the eustachian 
tube mucosa.



Vertigo.

Vertigo is experienced in as many as two thirds of patients with hypothyroidism. Attacks are usually mild and brief and are not associated with electronystagmography changes or concurrent hearing loss.[17] 

Hoarseness.

Gradual and progressive hoarseness occurs in hypothyroidism caused by mucopolysaccharide infiltration of the vocal cords and possibly by tissue edema in the ambiguous nucleus or the cricothyroid muscles.[133] Finding bilaterally edematous, 
mobile vocal cords should raise the suspicion of hypothyroidism. Hoarseness almost invariably dissipates with thyroid hormone replacement alone.

Goitrous Hypothyroidism

The most common cause of goitrous hypothyroidism in adults in the United States is autoimmune thyroiditis (Hashimoto's disease).[111] Other less common causes are drugs (lithium, amiodarone, sulfisoxazole, large doses of iodides, p-
aminosalicylic acid, interferon, and antithyroid drugs), infiltration of the gland with tumor or inflammatory processes, and familial defects in thyroid hormonogenesis.

Transient Hypothyroidism

Hypothyroidism resulting from Hashimoto's thyroiditis is transient in approximately 10% of cases. Spontaneous remission is associated with the presence of a larger goiter, a high initial TSH level, and a family history of thyroid disease. [43] 
Autoimmune thyroid dysfunction may become apparent after surgery for Cushing's disease.[166] Smoking increases the metabolic effects of overt and subclinical hypothyroidism in a dose-dependent way.[119] 

Excessive Iodine Intake

In iodine-sufficient areas of the world such as the United States, excess iodine intake can cause hypothyroidism in persons with autoimmune thyroiditis,131 I or surgically treated Graves' disease, and hemithyroidectomy-treated patients for 
thyroid nodules.[177] Hypothyroidism may develop in persons taking amiodarone, especially among those with an underlying thyroid abnormality. Thyroid autoantibodies are risk factors for the development of hypothyroidism.[108] 

Endemic Goiter

Endemic goiter is uncommon in the United States, but TSH levels are elevated in more than 50% of patients with this disorder, many of whom have no clinical features of thyroid failure.[18] 
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Familial Hypothyroidism

Kindreds with hypothyroidism usually have inherited defects in hormogenesis but rarely may have generalized thyroid hormone resistance.[173] 

Nongoitrous Hypothyroidism

Nongoitrous hypothyroidism is most often caused by thyroid disease—most commonly autoimmune diffuse thyroid atrophy and management of Graves' disease with131 I, thionamides, or thyroidectomy—but may be caused by pituitary and 
hypothalamic disorders.[39] [167] 

Hypothyroidism After Laryngectomy and Radiotherapy

Hypothyroidism may start within 4 months of surgery but may not become clinically apparent for 1 year.[51] In a multivariate analysis of 221 patients, risk factors for hypothyroidism were high radiation dose, combination of radiotherapy and 
cervical surgery, time from therapy, and no shielding of the midline neck. Patients receiving irradiation to the neck—particularly those undergoing neck dissections or total laryngectomy—should have routine thyroid function studies 
performed every 3 to 6 months the first year after management and annually thereafter.

Pituitary and Hypothalamic Hypothyroidism

Pituitary and hypothalamic hypothyroidism is uncommon and includes large pituitary tumors and pituitary apoplexy. Hypothalamic causes include lymphocytic hypophysitis, tumors, infarctions, trauma, and infiltrative diseases.

Subclinical Hypothyroidism

Diagnosis

The diagnosis of subclinical hypothyroidism is made by an elevated TSH with normal free T4 or a free thyroxine index. Clinically, there are no or a few mild symptoms of hypothyroidism. Some patients may have goiter, especially when 
antithyroid antibodies are positivity.

Prevalence

In population-based studies, the prevalence of subclinical hypothyroidism is approximately 8% in women and 3% in men, higher in whites (vs blacks), and in persons >75 years (vs 55–64 years).[8] [172] The National Health and Examination 
Survey (NHANES III) reported that in the 16,533 participants who reported no known thyroid disease, goiter, or thyroid hormone use, 4.3% had subclinical hypothyroidism.[81] 

Natural History

Progression from subclinical to overt hypothyroidism is not inevitable in all persons. In a large population study in Great Britain followed for more than 20 years, women with both an elevated TSH and elevated antithyroid antibody titers 



progressed to overt hypothyroidism at a rate of 4.3% per year, greater than those with elevated TSH alone (2.6% per year) or antithyroid antibodies alone (2.1%/year). [177] In this study, there was no increase in all cause or cardiac mortality in 
those with subclinical hypothyroidism at baseline. In a natural history study of 26 elderly subjects with subclinical hypothyroidism, one third had overt biochemical hypothyroidism develop within 4 years of follow-up. Progression to over 
hypothyroidism occurred in those with an initial TSH >20 µIU/mL and in 80% with high titer antimicrosomal antibodies >1:1600.[139] In a more recent prospective study of 82 women with subclinical hypothyroidism, the cumulative incidence 
of overt hypothyroidism occurred in 43% of women with TSH 6 to 12 and in 77% with TSH >12, and in no woman with a TSH <6 followed for 10 years. Thyroid peroxidase antibody positivity was associated with development to overt 
hypothyroidism.[82] 

Effects on Lipids, Hypothyroid Symptoms, and Mood

Treatment of subclinical hypothyroidism prevents progression to overt hypothyroidism. Other potential benefits of therapy include improvement in hypothyroid symptoms and mood, lipid profile, and decrease in thyroid volume by 20%.

The relationship between subclinical hypothyroidism and effects of lipid profile are inconsistent. Some studies show that persons with subclinical hypothyroidism have an atherogenic lipid profile (higher total cholesterol, low-density 
lipoprotein [LDL] cholesterol, lipoprotein[a], apolipoprotein B and lower high-density lipoprotein [HDL] cholesterol) than euthyroid persons,[3] [35] [96] but other studies show no difference.[21] [97] [128] In the largest cross-sectional study of 25,862 
subjects in the United States, those with subclinical hypothyroidism had a higher total cholesterol than the euthyroid group (223 mg/dL vs 216, P < .003 and had higher LDL cholesterol than the euthyroid group (144 mg/dL vs 140, P < .003).
[34] In small studies, thyroxine therapy of patients with subclinical hypothyroidism leads to an increase in HDL cholesterol[36] and decrease in total and LDL cholesterol.[7] [21] [35] Meta-analysis of thyroxine therapy in subclinical hypothyroidism 
shows a 10 mg/dL decrease in LDL cholesterol and 7.9 mg/dL decrease in total cholesterol concentration.[48] Greater improvement was seen in those with baseline total cholesterol levels ≥240 vs those with total cholesterol <240.

Thyroxine therapy leads to significant increases in cardiac output, mean arterial pressure, and decreased
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systemic vascular resistance.[62] In a survey of postmenopausal women, subclinical hypothyroidism is associated with an increased risk of myocardial infarction (odds ratio, 2.3) and aortic atherosclerosis (odds ratio, 1.7) but no subsequent risk 
of myocardial infarction at 4.6 years of follow-up. [76] Whether thyroid hormone therapy in subclinical hypothyroidism improves cardiac mortality remains unclear.

Subclinical hypothyroidism is associated with depression in some [75] but not in all studies.[132] Similarly, some randomized placebo-controlled trials in persons with subclinical hypothyroidism show improvement in symptoms of 
hypothyroidism,[45] [123] but one reported no difference.[83] Depressed patients with subclinical hypothyroidism have a poorer response to antidepressant therapy than depressed patients who are euthyroid.[85] Persons with subclinical 
hypothyroidism show impairment in neurobehavioral scores, such as memory, which improve with thyroxine therapy.

Treatment of subclinical hypothyroidism is reasonable in pregnant women to avoid impairment of intellectual potential of the fetus[74] and in women who have ovulatory dysfunction with infertility.[45] 

Treatment

Thus, those with subclinical hypothyroidism and positive thyroid peroxidase antibodies, TSH >10, are prone to have overt hypothyroidism develop and should receive thyroid hormone replacement. Risk of overt disease may depend on 
etiology of subclinical hypothyroidism. Persons receiving radioactive iodine therapy or high-dose external radiation are likely to progress to overt hypothyroidism and should probably be treated with thyroid hormone. Other patients who 
may benefit include persons with goiter, elevated total or LDL cholesterol, pregnancy, and ovulatory dysfunction with infertility.[45] Small doses are usually needed,  

TABLE 118-3 -- THYROID FUNCTION TESTS IN HYPOTHYROIDISM AND OTHER LOW THYROXINE SYNDROMES

 Free T4 T3 TSH

Hypothyroid hypothyroidism    

••Primary hypothyroidism    

••••Overt Low N1 /low High

••••Subclinical N1 N1 High

••••Pituitary (secondary) Low Low/N1 N1 /low/slightly high

••Hypothalamic (tertiary) Low Low/N1 N1 /low/slightly high

Euthyroid hypothyroidism    

••Low TBG N1 Low N1 

Nonthyroidal illness    

••Mild N1 Low N1 

••Severe Low Low N1 

 
such as 50 to 75 µg daily, with monitoring of TSH and dose titration in 4 to 6 weeks until TSH is normalized. Those with coronary artery disease should begin at a lower dose of 25 µg daily.

Nonthyroidal Illness

TSH elevation may occur in conditions other than hypothyroidism. These include recovery from nonthyroidal illness, also known as "sick euthyroid syndrome." Hospitalized and critically ill patients may have a decreased free thyroxine 
index or free T4 concentration by radioimmunoassay. However, when measured by equilibrium dialysis, free T4 is normal or elevated. In one report, serum total T4 levels <3 µg/dL were associated with mortality in 84% of critically ill patients.



[156] In a randomized prospective study, thyroxine treatment in an intensive care unit did not alter mortality. [24] 

Laboratory Diagnosis

There is a set point for optimal serum free T4 concentration in a given individual. Because of the loglinear relationship between serum TSH and T4 concentrations, small changes in free T4 from this set point lead to relatively large changes in 
TSH by negative feedback. Thus, the most sensitive test for hypothyroidism is an elevated serum TSH. In subclinical hypothyroidism, TSH is elevated, whereas free T4 remains normal. If the disorder progresses to overt hypothyroidism, free 
T4 is decreased (see Table 118-3 for thyroid function tests in hypothyroidism and other low thyroxine syndromes). Radioactive iodine uptake is not indicated for the diagnosis of hypothyroidism because low, normal, or high values can occur, 
depending on the cause.

Central hypothyroidism caused by pituitary or hypothalamic disorder demonstrates a low free T4 and
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TSH that is low, inappropriately normal, or mildly elevated. TRH stimulation testing of TSH has traditionally been used to distinguish between these two entities but is unreliable.[63] [157] 

Management

Oral synthetic L-thyroxine (T4 ) is the therapy of choice to correct hypothyroidism. Gastrointestinal absorption is 81%.[66] Because the plasma half-life of T4 is long (6.7 days),[73] once-daily administration leads to stable T4 and T3 concentrations. 
There are a number of brand name (Euthyrox, Levothroid, Levoxyl, Synthroid, Unithroid) and generic preparations of T4 , each available in varying doses with different colorcoded tablets to allow dose titration at precise increments. In one 
study, comparison of two brand-name and two generic preparations in the United States demonstrated bioequivalency.[53] Thus, equivalent doses of different formulations of T4 are generally interchangeable. However, one should repeat the 
TSH level 4 to 6 weeks after switching.[46] [66] In young, otherwise healthy adults, a full replacement dose can be prescribed at 1.6 µg/kg per day for nonmalignant conditions. In persons with known coronary disease, multiple coronary risk 
factors, and the elderly who may have previously silent coronary disease, conservative therapy with an initial dose of 25 µg/day is advisable. One should repeat TSH measurements with dose adjustment every 4 to 6 weeks (4–6 half-lives of 
T4 ) until serum TSH normalizes or cardiac symptoms arise that may limit therapy to less than a full replacement dose. In persons without residual thyroid tissue, for example, the patient with thyroid cancer who has undergone thyroidectomy, 
the mean T4 dose required to achieve euthyroidism is generally higher, 2.1 µg/kg/day.[70] 

In persons with primary hypothyroidism, the goal of therapy is to normalize the serum TSH level. After initiation or change in dose of thyroxine, TSH should be repeated in 4 to 6 weeks. Ultimately, TSH measurements annually are needed, 
or sooner depending on clinical status. In those with central hypothyroidism, free T4 alone should be normalized, also with repeat measurements free in 4 to 6 weeks. The use of patient's symptoms to judge the adequacy of T4 dosing is 
frequently inaccurate. When subjective symptoms were used to determine T4 dosing, patients chose a dose that produced mild hyperthyroidism.[37] 

Potential adverse effects to overtreatment with an excessive dose of T4 include bone loss in postmenopausal but not premenopausal women [9] [174] and in elderly patients, cardiac complications, including cardiac arrhythmias, heart failure, 
angina, and myocardial infarction.[109] Occasionally, patients have manic behavior develop with T4 replacement. Severe behavioral manifestations of T4 therapy for juvenile hypothyroidism are uncommon, but mild behavioral symptoms and 
poorer school achievement may occur in approximately 25% of patients, who represent the most severe cases at the time of diagnosis.[142] 

Poor patient adherence to taking thyroid hormone leads to therapeutic failure. Alternatives to a daily regimen include twice weekly[170] or once weekly regimens.[72] These should probably not be used in persons with coronary artery disease. A 
number of medications may bind to and interfere with intestinal absorption of thyroxine, including aluminum hydroxide,[106] ferrous sulfate,[33] sucralfate,[32] cholestyramine,[81] and calcium carbonate.[157] Thyroid hormone administration should be 
separated in time from these medications by a few hours.

Thyroid hormone preparations that contain T3 alone (e.g., Cytomel), combinations of T4 and T3 (e.g., Thyrolar), and desiccated thyroid extract (Armour thyroid) should not be used for the treatment of hypothyroidism. Serum T3 levels 
fluctuate widely because of the short half-life of T3 . Temporary T3 therapy is indicated in persons with thyroid cancer who have undergone thyroidectomy and await thyroid remnant ablation to shorten the period of hypothyroidism. T3 can be 
discontinued 2 weeks before 131 I.[68] In addition, temporary switching from T4 to T3 therapy in persons undergoing thyroid hormone withdrawal whole-body scanning also reduces the period of hypothyroidism.

Thyroid hormone requirements are increased during pregnancy by an average of 45%[106] because of an estrogen-mediated increase in thyroxine-binding globulin, fetal T4 transfer, and increased T4 clearance. Serum TSH should be obtained at 
each trimester of pregnancy. If the T4 dose requires adjustment, TSH should be remeasured in 4 weeks with further dose adjustment as necessary. After delivery, the prepregnancy T4 dose should be resumed.[86] A hypothyroid woman starting 
oral estrogen therapy such as with hormone replacement therapy may also require a higher thyroid hormone dose,[6] and TSH should be obtained 3 months after initiation of estrogen to determine whether a dose increase is needed. Increases in 
dose may be necessary in patients who start medications that increase T4 catabolism (phenytoin, carbamazepine, phenobarbital, rifampin), have gastrointestinal malabsorption, or nephrotic syndrome develop.[2] A decreased thyroid hormone 
dose requirement may be seen in the elderly[149] and in androgen-treated women treated with breast cancer.[5] 

Myxedema Coma

Myxedema coma, a thyroid emergency, is a late manifestation of hypothyroidism and is characterized by
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coma or precoma with severe clinical manifestations of myxedema. An underlying infection or other precipitating cause of the myxedema coma is usually present. Patients characteristically have extreme hypothermia, bradycardia, pleural 
and pericardial effusions, hyponatremia, hypoventilation, respiratory acidosis, and hypoxia. Focal or generalized seizures typically precede the coma.

Management is with large doses of intravenous T4 and hydrocortisone. Although management is usually instituted without laboratory confirmation, the clinical diagnoses should be certain before large doses of intravenous T4 are given. 



Supportive care includes intubation and assisted ventilation, cautious warming, support of blood pressure, and management of infection. Mortality rates are approximately 50% and depend on the severity of superimposed illnesses and 
underlying coronary heart disease.

Surgery

With mild to moderate hypothyroidism, postoperative complications are frequent but are rarely serious or lasting, and necessary surgery should not be postponed simply to replete thyroid hormone.[98] This is not true for patients with severe 
myxedema, who should be given preoperative thyroid hormone, except in the most urgent surgical emergencies or uncontrolled ischemic heart disease.

In euthyroid patients, total T4 tends to decrease in the first postoperative day then spontaneously normalizes in 7 days; the same occurs in hypothyroid patients, but T4 levels do not normalize until thyroid supplementation is given.[89] However, 
it is usually not necessary to increase the postoperative dose of T4 and almost never necessary to use parenteral T4 unless the patient cannot take medication by mouth for several weeks. If parenteral T4 therapy is necessary, half of the patient's 
usual daily T4 dose is ordinarily given while attention is given to the patient's cardiac status, because this therapy may precipitate cardiac arrhythmias, angina, and heart failure.

Cardiac and pulmonary problems are prevalent in the elderly patient with hypothyroidism. The prevalence of coronary artery disease is high, but the diagnosis is easily overlooked, as patients often have few symptoms because of their low 
metabolic activity or because they fail to communicate their symptoms clearly. [17] Pericardial effusions are often apparent and rarely cause tamponade. Patients with severe hypothyroidism also respond poorly to stress by having hypothermia 
and hypotension develop, and they do not have tachycardia develop in response to infection or hypotension. Shock responds poorly to vasoconstrictors.

Patients with severe hypothyroidism often display upper airway obstruction caused by oropharyngeal muscle dysfunction and tissue infiltration with mucopolysaccharide.[127] They may have central sleep apnea, insensitivity to hypoxia and 
hypercarbia,[57] and respiratory muscle weakness,[153] changes that often lead to severe postoperative hypoxia and difficulty in weaning from a ventilator. These defects are reversible with T4 replacement therapy, but obstructive sleep apnea may 
be more closely related to obesity and male gender than hypothyroidism. [131] 

A von Willebrand disease-like defect is common in hypothyroidism, which may lead to bleeding.[101] [120] It resolves promptly with infusion of desmopressin, suggesting that it acts through the β-adrenergic resceptor.[107] This can be helpful in the 
acute management of bleeding. It resolves permanently with T4 therapy.[29] [59] 
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Chapter 119 - MANAGEMENT OF THYROID NEOPLASMS

Stephen Y. Lai 
Susan J. Mandel 
Randal S. Weber 

INTRODUCTION

Thyroid carcinoma is relatively uncommon, accounting for approximately 2% of all malignancies.[1] Nonetheless, thyroid neoplasms represent more than 90% of all endocrine tumors. In 2002, the estimated annual incidence of thyroid cancer 
in the United States will be 20,700 cases, and approximately 1300 patients (6%) will die from thyroid cancer.

Although thyroid cancer is relatively rare, the incidence of thyroid nodules is significantly higher, affecting approximately 4% to 7% of the U.S. population. [133] While the overwhelming majority of these nodules are benign, the challenge is to 
identify the 5% or so of those patients with a malignant lesion. Furthermore, a subset of thyroid cancers is particularly aggressive with a potential for devastating morbidity. No reliable indicators are currently available to determine which 
patients will develop aggressive or recurrent disease, although risk categories based on clinical and pathologic criteria do yield important prognostic information.

The great majority of thyroid carcinomas are well-differentiated tumors of follicular cell origin.[91] [100] These lesions are histologically defined as papillary, follicular, and Hürthle cell carcinoma. A recent survey of 53,856 patients described the 
overall incidence of thyroid cancer in the United States.[100] In this report, approximately 79% of cases were papillary carcinoma, 13% follicular carcinoma, and approximately 3% Hürthle cell. A small proportion (6%) of patients with these 
lesions have a family history of thyroid cancer. Medullary thyroid cancer, which arises from parafollicular C cells, accounts for about 4% of thyroid carcinomas. Approximately 30% of patients with these lesions have a strong genetic 
contribution. Anaplastic carcinomas, lymphoma, and metastatic disease comprise a small portion of thyroid malignancies.

The most common presentation of a thyroid cancer is the development of a thyroid mass or nodule. Assessment of the lesion requires a careful history, physical examination, fine-needle aspiration cytology (FNAC), and perhaps imaging 
studies. With correct diagnosis and management, most patients with well-differentiated thyroid carcinomas have an excellent prognosis. Indeed, the 10-year disease-specific mortality rate is less than 7% for papillary thyroid cancer and less 
than 15% for follicular thyroid cancer.[100] [134] Controversy regarding the treatment of thyroid carcinomas and the extent of thyroidectomy to be performed arises because of the indolent course of the majority of thyroid cancers. Interventions for 
thyroid cancer have been difficult to evaluate because of the long follow-up and the large number of patients needed to determine differences in survival. Furthermore, the morbidity that may accompany any aggressive intervention needs to 
be balanced with the generally good prognosis of thyroid cancer patients.

In this chapter, we begin with a review of the surgical anatomy and embryology of the thyroid gland. After a brief overview of the present understanding of pathogenetic mechanisms leading to thyroid cancer, we review risk factors and 
staging of thyroid carcinomas. We describe an algorithm for the evaluation of a thyroid nodule and assess available diagnostic tools. A review of the different forms of thyroid cancer, ranging from well-differentiated carcinomas to anaplastic 
and other less common malignancies, is followed by a discussion of surgical management and postoperative adjuvant treatment.

SURGICAL ANATOMY AND EMBRYOLOGY

The thyroid medial anlage derives from the ventral diverticulum from the endoderm of the first and second pharyngeal pouches at the foramen cecum. [94] [191] The diverticulum descends from the base of tongue to its adult pretracheal position 
through a midline anterior path with the primitive heart and great vessels
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during weeks 4 to 7 of gestation. The proximal portion of this structure retracts and degenerates into a solid, fibrous stalk; persistence of this tract can lead to the development of a thyroglossal duct cyst with variable amounts of associated 
thyroid tissue. The lateral thyroid primordia arise from the fourth and fifth pharyngeal pouches and descend to join the central component. Parafollicular C cells arise from the neural crest of the fourth pharyngeal pouch as ultimobranchial 
bodies and infiltrate the upper portion of the thyroid lobes.[39] Given the predictable fusion of the ultimobranchial bodies to the medial thyroid anlage, C cells are restricted to a zone deep within the middle to upper third of the lateral lobes.[234] 

The thyroid gland is composed of two lateral lobes connected by a central isthmus, weighing 15 to 25 g in adults. A thyroid lobe usually measures about 4 cm in height, 1.5 cm in width, and 2 cm in depth. The superior pole lies posterior to 
the sternothyroid muscle and lateral to the inferior constrictor muscle and the posterior thyroid lamina. The inferior pole can extend to the level of the sixth tracheal ring. Approximately 40% of patients have a pyramidal lobe that arises from 
either lobe or the midline isthmus and extends superiorly ( Figure 119-1 ).

The thyroid is enclosed between layers of the deep cervical fascia in the anterior neck. The true thyroid capsule is tightly adherent to the thyroid gland and continues into the parenchyma to form fibrous septa 

 
Figure 119-1 A pyramidal lobe of the thyroid gland may occasionally arise from the isthmus. This portion of the thyroid gland can be quite variable in size. This portion of the gland should be carefully identified and removed with the 
surgical specimen. (B Used with permission from Lai SY, Weber RS: Thyroid cancer. In Ensley JF and others, editors: Head and neck cancer: emerging perspectives. San Diego, 2002, Academic Press, p 419.) 

 

Figure 119-2 The thyroid gland is intimately associated with several important adjacent structures. In the lateral view, the gland has been mobilized medially to demonstrate the recurrent laryngeal nerve and its close relationship to the 
inferior thyroid artery. This relationship can vary between sides within a patient. Please refer to the text for details. The potential course(s) of the nonrecurrent laryngeal nerve have been indicated (dashed lines). (Used with permission from 
Lai SY, Weber RS: Thyroid cancer. In Ensley JF and others, editors: Head and neck cancer: emerging perspectives. San Diego, 2002, Academic Press, p 420.) 

 
 
3.1 (patient age < 40 years) or 0.08 × age (patient age = 40 years) + 0.3 × tumor size (in cm) + 1 (if extrathyroidal extension) + 1 (if incomplete resection) + 3 (if distant metastases) 
 
Patients were stratified by their prognostic scores into four groups with statistically significant differences in 20-year disease-specific mortality.

 
TABLE 119-1 -- TNM STAGING FOR THYROID CANCER

Primary Tumor (T)



TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor = 2 cm in greatest dimension, limited to thyroid

T2 Tumor >2 cm and = 4 cm in greatest dimension, limited to thyroid

T3 Tumor >4 cm in greatest dimension, limited to the thyroid or

 Any tumor with minimal extrathyroid extension (e.g., extension to sternothyroid muscle or perithyroid soft tissues)

T4a Tumor of any size extending beyond the thyroid capsule to invade subcutaneous soft tissues, larynx, trachea, esophagus, or recurrent laryngeal nerve

T4b Tumor invades prevertebral fascia or encases carotid artery or mediastinal vessels

All anaplastic carcinomas are considered T4 tumors.

T4a Intrathyroidal anaplastic carcinoma—surgically resectable

T4b Extrathyroidal anaplastic carcinoma—surgically unresectable

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

N1a Metastasis to level VI (pretracheal, paratracheal, and prelaryngeal/Delphian lymph nodes)

N1b Metastasis to unilateral, bilateral, or contralateral cervical or superior mediastinal lymph nodes

Distant Metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Stage Grouping

  <45 yr ≥45 yr

Papillary/Follicular    

 Stage I any T any N M0 T1 N0 M0 

 Stage II any T any N M1 T2 N0 M0 

 Stage III  T3 N0 M0 

   any T N1a M0 

Stage IVA   T4a N0 M0 

   T4a N1a M0 

   T1–4a N1b M0 

Stage IVB   T4b any N M0 

Stage IVC   any T any N M1 

Medullary    

 Stage I T1 N0 M0  

 Stage II T2 N0 M0  

 Stage III T3 N0 M0  

  T1–3 N1a M0  

 Stage IVA T4a N0 M0  

  T4a N1a M0  



  T1–4a N1b M0  

 Stage IVB T4b any N M0  

 Stage IVC any T any N M1  

Anaplastic    

 Stage IVA T4a any N M0  

 Stage IVB T4b any N M0  

 Stage IVC any T any N M1  

American Joint Committee on Cancer: AJCC cancer staging manual, ed 6, New York, 2002, Springer.
 
 

TABLE 119-2 -- FACTORS USED IN PROGNOSTIC CLASSIFICATION SYSTEMS

 TNM AMES AGES MACIS

Patient factors     

••Age X X X X

••Sex X X   

Tumor factors     

••Size X X X X

••Histologic grade  X   

••Histologic type X X * * 

••Extrathyroidal spread X X X X

••Lymph node metastasis X    

••Distant metastasis X X X X

••Incomplete resection    X
*AGES/MACIS classifications for papillary carcinomas only. 
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Other risk-classification systems with similar diagnostic criteria have also been described.[26] [193] [196] Although a number of multivariable prognostic scoring systems have been developed, none is universally accepted. The application of these 
classifications to a single population has demonstrated incompatible findings when compared with the original studies.[82] Furthermore, these systems do not necessarily apply to patients with poorly differentiated and more aggressive thyroid 
carcinomas.

Nevertheless, some general conclusions can be drawn from these studies regarding the prognosis of patients with well-differentiated thyroid carcinomas. Low risk for tumor recurrence and disease-specific mortality is noted in patients who 
are younger at diagnosis, have smaller primary tumors that lack extrathyroidal extension or regional/distant metastases and have complete gross resection of disease at the initial surgery. Delay in treatment will negatively affect prognosis. 
However, the single most significant overall indicator of a poor prognosis is distant metastases, especially to bone.[134] While a single risk-classification strategy is not available, these criteria should guide physicians to use therapeutic 
strategies that are directed towards the particular disease and risk for an individual patient, rather than applying a general treatment strategy for all patients with a particular form of thyroid carcinoma.

EVALUATION OF A THYROID NODULE

The incidence of thyroid nodular disease is quite high, spontaneously occurring at a rate of 0.08% per year starting in early life and extending into the eighth decade.[169] Although thyroid nodules represent a wide spectrum of disease, the great 
majority are colloid nodules, adenomas, cysts, and focal thyroiditis, with only a minority (5%) being carcinoma. With a lifetime incidence of 4% to 7%, the annual incidence of thyroid nodules in the United States is about 0.1%, which is 
approximately 300,000 new nodules each year.[71] [119] The vast majority of these nodules are benign and do not require removal. However, with approximately 21,000 new thyroid cancers each year, about one in 20 new thyroid nodules will 
contain carcinoma and approximately one in 200 nodules will be lethal. The challenge in treating patients with thyroid nodule(s) is to identify those with malignant lesions and to balance the potential morbidity of treatment with the 
aggressiveness of their disease.

Clinical Assessment: History and Physical Examination

A number of findings should raise the physician's suspicion of malignancy in a patient presenting with a thyroid nodule(s). Both younger and older patients are more likely to have a malignant thyroid nodule. Patients younger than 20 years 
of age have an approximately 20% to 50% incidence of malignancy when presenting with a solitary thyroid nodule.[138] Nodular disease is more common in older patients, usually men older than 40 and women older than 50 years of age. Even 
though children may present with more advanced disease and even cervical metastases, malignancy in older patients has a considerably worse prognosis. Men often have more aggressive malignancies than women, but both the overall 



incidence of thyroid nodules and malignancy is higher in women.

A family history of thyroid carcinoma should be carefully evaluated. Similarly, any history of medullary carcinoma, pheochromocytoma, or hyperparathyroidism should raise suspicion for the MEN syndromes. Additionally, Gardner's 
syndrome (polyposis coli) and Cowden's disease have been associated with well-differentiated thyroid carcinomas. As described previously, a history of previous head and neck radiation exposure significantly increases the risk of 
malignancy in those patients with a thyroid nodule.

In evaluating the patient, rapid growth of a preexisting or new thyroid nodule is concerning, although the change may represent hemorrhage into a cyst. Throat or neck pain is rarely associated with carcinoma but frequently occurs with 
hemorrhage into a benign nodule. Patients should be carefully questioned regarding any compressive or invasive symptoms, such as voice change, hoarseness, dysphagia, or dyspnea. However, the clinician should not rely on these findings 
alone because unilateral vocal cord paralysis can be present without voice change or swallowing difficulties. Although most patients with thyroid cancer are euthyroid at presentation, symptoms of hyperthyroidism and hypothyroidism should 
be explored. Patients with large carcinomas that have replaced a significant portion of the normal thyroid gland may be hypothryoid and patients with Hashimoto's thyroiditis may develop lymphoma. Although the history alone cannot 
determine the presence of thyroid cancer, important historical features are associated with thyroid carcinoma and should not be discounted even if diagnostic tests indicated a benign lesion.

The physical examination of a patient with a thyroid nodule begins with careful palpation of the thyroid to assess the lesion. One should determine whether the lesion is solitary or the dominant nodule in a multinodular gland, although the 
risk of carcinoma in either setting is the same.[45] [133] Having the patient swallow will assist in the examination, as nonthyroid pathology does not typically elevate with the thyroid during swallowing. Palpable nodules are typically 1 cm or 
larger. Smaller nodules can be found
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incidentally on radiographic studies for other reasons and may be monitored. Lesions greater than 1 cm in size warrant a complete workup. The firmness of the nodule may be associated with an increased risk of carcinoma by twofold to 
threefold.[178] Nodules greater than 2 cm in diameter and solid lesions have an increased incidence of harboring carcinoma. The evaluation of larger lesions also requires more caution as the rate of false-negative results during FNA also 
increases.[143] 

Potential substernal extension can be estimated by the relationship of the inferior aspect of the mass to the clavicle. Potential thoracic inlet obstruction due to a substernal goiter can be assessed with Pemburton's maneuver. The patient raises 
his or her arms over the head, and positive findings of obstruction include subjective respiratory discomfort or venous engorgement, resulting in facial suffusion. Radiographic studies are more definitive in determining substernal 
involvement.

Further assessment of the patient may reveal the extent of involvement of a thyroid lesion. Palpable cervical nodes adjacent to the thyroid nodule certainly increase the suspicion for malignancy and may even be the only presenting sign of a 
thyroid carcinoma. However, adenopathy may be present in a patient affected by Hashimoto's thyroiditis, Grave's disease, or infection.[3] [4] Large lesions can potentially shift the larynx and trachea within the neck. The mobility of the nodule 
relative to the laryngotracheal complex and adjacent neck structures should be evaluated. Malignant lesions are more likely to be fixed to the trachea, esophagus, or strap muscles.

All patients with a thyroid lesion should have a complete vocal cord examination. Extension into the thyroid cartilage and larynx may result in a complete vocal cord paralysis that is clinically silent. Laryngoscopy should be performed to 
assess vocal cord motion.

Despite the importance of the initial clinical assessment, the history and physical examination are unreliable in the prediction of carcinoma. Many of the clinical signs of malignancy are manifest late in the course of disease. Additionally, 
many of these same findings may be caused by events associated with benign disease (e.g., hemorrhage into a benign nodule). Thus, the clinical assessment should provide a justification and a context for the interpretation of diagnostic 
studies, such as FNA. Of particular note would be any patient and thyroid nodule features that might be concerning for aggressive carcinoma behavior ( Table 119-3 ).

Diagnostic Studies

Laboratory Studies

The majority of patients who present with a thyroid nodule are euthyroid. The finding of hypothyroidism  

TABLE 119-3 -- RISK FACTORS FOR AGGRESSIVE BEHAVIOR OF WELL-DIFFERENTIATED THYROID CARCINOMAS

Patient factors

History

Age  

••Younger <20 yr

••Older  

••••male >40 yr

••••female >50 yr

Gender  

••Male > female  

History of radiation exposure/therapy

Family history of thyroid carcinoma

Physical examination



Hard, fixed lesion

Rapid growth of mass

Pain

Lymphadenopathy

Vocal cord paralysis

Aerodigestive tract compromise

••Dysphagia

••Stridor

Histopathologic factors

(at initial presentation)

Size (>4 cm)

Extrathyroidal spread

Vascular invasion

Lymph node metastasis

Distant metastasis

Histologic type

••Tall-cell variant of papillary carcinoma

••Follicular carcinoma

••Hürthle cell carcinoma
 
or hyperthyroidism tends to shift the workup away from thyroid carcinoma to a functional disorder of the thyroid gland, such as Hasimoto's thyroiditis or a toxic nodule. [2] While many thyroid hormone tests are available, few are needed in 
the initial patient evaluation. TSH measurement serves as an excellent screening test. Full thyroid function tests can be performed if the TSH level is abnormal.

Measurement of thyroglobulin is generally not performed initially because thyroglobulin is secreted by both normal and malignant thyroid tissue. Levels of thyroglobulin cannot differentiate between benign and malignant processes, unless 
levels are extremely high, as in metastatic thyroid cancer. Furthermore, antithyroglobulin antibodies can also interfere with the assay. Thyroglobulin levels may be useful in studying patients who have undergone total thyroidectomy for well-
differentiated thyroid cancer.
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Serum calcitonin levels are not a typical initial test for patients with a thyroid nodule unless the patient has a family history of medullary thyroid cancer or MEN II. However, if FNAC demonstrates or is suspicious for medullary thyroid 
carcinoma, calcitonin levels should be obtained. Additionally, if the patient has RET oncogene mutations, the existence of a coexisting pheochromocytoma should be evaluated with an abdominal magnetic resonance imaging (MRI) scan and 
a 24-hour urine collection to measure metanephrines and catecholamines (total and fractionated). The serum calcium level should be measured to exclude hyperparathyroidism.

Fine-Needle Aspiration Cytology

FNAC has replaced radionuclide scanning and ultrasonographic imaging as the central diagnostic test in the initial evaluation of thyroid nodules. The findings are highly sensitive and specific, although the accuracy of FNAC is related to the 
skill of the aspirator and the experience of the cytopathologist.[132] The procedure is minimally invasive and may be performed quickly with little patient discomfort. Unlike large-bore needle biopsies such as the Tru-cut or Vim-Silverman 
needle, there are fewer complications. With the advent of this technique, the number of patients requiring surgery has decreased by 35% to 75%, and the cost in managing patients with thyroid nodules has been substantially reduced.[7] [16] [81] 
Additionally, the yield of malignancies has almost tripled in those patients who have had thyroid surgery after FNAC.[81] [159] The accuracy of an FNA diagnosis of papillary carcinoma is 99% with a false-positive rate of less than 1%.[33] 

FNAC should be one of the initial steps in the surgical evaluation of a thyroid nodule. Approximately 15% of all aspirates are inadequate or nondiagnostic, largely because of the sampling from cystic, hemorrhagic, hypervascular, or 
hypocellular colloid nodules. Reaspiration of the nodule is critical, as a nondiagnostic finding should never be interpreted as a negative finding for carcinoma. In fact, surgical diagnoses following repeated nondiagnostic aspirations revealed 
malignant nodules in 4% of women and 29% of men.[139] Nodules that are difficult to localize and those that have yielded nondiagnostic aspirates on previous attempts may benefit from ultrasound-guided aspiration.

Cytopathologic evaluation of a successful FNA will categorize a nodule into the following groups: benign, malignant, or suspicious. In 60% to 90% of nodules, FNAC will reveal a benign or "negative" diagnosis. The likelihood of 
malignancy (false-negative rate) is 1% to 6%.[7] [72] The diagnosis of malignancy, particularly papillary (including follicular variant), medullary, and anaplastic carcinomas and lymphomas can be determined in about 5% of nodules. The 
likelihood of a false-positive finding is less than 5%.[7] [72] Frequently, false positives result from difficulties in interpreting cytology in patients with Hashimoto's thyroiditis, Grave's disease, or toxic nodules. A benign cytology is a 
macrofollicular lesion or a colloid adenomatous nodule. The remaining "suspicious" samples are composed of lesions that contain abnormal follicular epithelium with varying degrees of atypia. This finding needs to be evaluated in the 
context of patient history and physical findings that may be suggestive of malignancy.

Follicular neoplasms cannot be classified by FNAC alone. The presence of hypercellular, microfollicular arrays with minimal colloid increases the concern for carcinoma. However, the differentiation between follicular adenoma and 
follicular carcinoma depends on the histologic finding of capsular or vascular invasion that requires evaluation of the entire thyroid nodule. Occasionally, patients with a diagnosis of follicular neoplasm on FNAC will have an iodine-123 (123 
I) thyroid scan. If the suspicious nodule is "cold," surgery is indicated. However, if the nodule is hyperfunctioning compared with the surrounding thyroid, surgery can be avoided. Overall, 20% of nodules diagnosed as follicular neoplasms 



by FNAC will contain thyroid carcinomas.[77] 

Similarly, Hürthle cell (oxyphilic) neoplasms can be difficult to evaluate. The presence of Hürthle cells in an aspirate may indicate an underlying Hürthle cell adenoma or carcinoma, but can also be present in thyroid disorders, such as 
multinodular goiter and Hashimoto's thyroiditis. Carcinomas can be found in up to 20% of nodules identified as follicular and oxyphilic neoplasms.[30] Because of the risk of underlying carcinoma in these cases, surgery is recommended.

Imaging

Ultrasonography is tremendously useful and sensitive. These studies detect nonpalpable nodules and differentiate between cystic and solid nodules. In patients with a difficult neck to examine (e.g., a patient with a history of head and neck 
irradiation), sonography can also clarify findings. Sonography can identify hemiagenesis and contralateral lobe hypertrophy, which may be misdiagnosed as a thyroid nodule.

These studies provide key baseline information regarding nodule size and architecture. Thus, sonography is also a noninvasive and inexpensive method for following changes in the size of benign nodules. However, there is no role for 
sonography in screening asymptomatic patients for thyroid nodules. Additionally, these studies are not useful in the evaluation of substernal extent or the involvement of adjacent structures.
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These studies can also identify cervical nodes that may contain metastatic disease. Characteristics of lymph nodes suspicious for metastatic deposits include loss of the fatty hilum, increased vascularity, rounded node configuration, and the 
presence of fine calcifications.[163] Ultrasonography is useful in the evaluation of cervical lymph nodes in patients with a history of thyroid cancer who present with adenopathy or rising thyroglobulin levels.

Computed tomography (CT) and MRI scans are usually unnecessary in the evaluation of thyroid tumors, except for large or retrosternal lesions. Although these studies are not as effective as sonography in the evaluation of thyroid nodules, 
they are more reliable in evaluating the relationship of the thyroid lesion to adjacent neck structures, such as the trachea and esophagus. These studies are useful in determining substernal extension, identifying cervical and mediastinal 
adenopathy, and evaluating possible tracheal invasion.[38] Caution must be exercised in the use of iodine-containing contrast material in patients with multinodular goiter if a hyperthyroid state is suspected and in patients with well-
differentiated thyroid cancer. In the latter group, iodinated contrast media will preclude the use of postoperative radioactive iodine therapy for 2 to 3 months. Finally, the MRI scan is more accurate than a CT scan in distinguishing recurrent 
or persistent thyroid tumor from postoperative fibrosis.

Thyroid Isotope Scanning

Radionuclide scanning with 123 I or technetium-sestamibi-99m (99m Tc) assesses the functional activity of a thyroid nodule and the thyroid gland. Nodules that retain less radioactivity than the surrounding thyroid tissue are termed "cold," 
nonfunctioning, or hypofunctional. These cold nodules are thought to have lost functions of fully differentiated thyroid tissue and to be at increased risk of containing carcinoma. In a metaanalysis of patients with scanned nodules that were 
surgically removed, 95% of all nodules were cold.[3] [4] The incidence of malignancy in cold nodules was 10% to 15%, but only 4% in hot nodules.

99m Tc scanning only tests iodine transport but can be performed in 1 day and involves less radiation exposure than 123 I. Cold nodules identified with this test will also be cold with iodine scanning. However, any "hot" nodules require 123 I 
scanning for confirmation. 123 I scanning tests both transport and organification of iodine. This test is more expensive and requires 2 days to complete. Cold lesions can be more difficult to visualize because of overlying thyroid tissue and 
glandular asymmetry, although oblique views during scanning can improve detection. Additionally, 99m Tc does not penetrate the sternum and is not useful in confirming substernal extension.

With the evolution of FNAC, radionuclide scanning is not routinely performed in the evaluation of a thyroid nodule. More frequently, "cold" nodules are detected in patients during evaluation for hyperthyroid disorders. However, patients 
who present initially with a thyroid nodule and are found to be hyperthyroid on preliminary thyroid function testing should have radionuclide scanning to differentiate a toxic nodule vs Grave's disease and a nonfunctioning nodule.

A Rational Approach to Management of a Thyroid Nodule

A number of diagnostic algorithms have been proposed for the evaluation of a thyroid nodule[132] [219] ( Figure 119-3 ). In general, evaluation begins with a thorough history and physical examination to identify significant risk factors. Surgery 
may be deemed appropriate based solely on high-risk factors such as age, sex, history of radiation exposure, rapid nodule growth, upper aerodigestive tract symptoms, and/or fixation.

Baseline TSH screening then determines the diagnostic course. Patients with hyperthyroidism (suppressed serum TSH level) should receive radionuclide scanning to determine the presence of a toxic "hot" 

 
Figure 119-3 An algorithm for the rational approach to the evaluation and management of a thyroid nodule. 



 

TABLE 119-4 -- WORLD HEALTH ORGANIZATION REVISED HISTOLOGIC CLASSIFICATION OF THYROID TUMORS

••I. Epithelial tumors

•••••A. Benign

••••••••1. Follicular adenoma

•••••••••••a. Architectural patterns

•••••••••••••••••i. Normofollicular (simple)

••••••••••••••••ii. Macrofollicular (colloid)

•••••••••••••••iii. Microfollicular (fetal)

••••••••••••••••iv. Trabecular and solid (embryonal)

•••••••••••••••••v. Atypical

•••••••••••b. Cytologic patterns

•••••••••••••••••i. Oxyphilic cell type

••••••••••••••••ii. Clear cell type

•••••••••••••••iii. Mucin-producing cell type

••••••••••••••••iv. Signet-ring cell type

•••••••••••••••••v. Atypical

••••••••2. Others

•••••••••••a. Salivary gland-type tumors

•••••••••••b. Adenolipomas

•••••••••••c. Hyalinizing trabecular tumors

•••••B. Malignant

••••••••1. Follicular carcinoma

•••••••••••a. Degree of invasiveness

•••••••••••••••••i. Minimally invasive (encapsulated)

••••••••••••••••ii. Widely invasive

•••••••••••b. Variants

•••••••••••••••••i. Oxyphilic (Hürthle) cell type

••••••••••••••••ii. Clear cell type

••••••••2. Papillary carcinoma



•••••••••••a. Variants

•••••••••••••••••i. Papillary microcarcinoma

••••••••••••••••ii. Encapsulated variant

•••••••••••••••iii. Follicular variant

••••••••••••••••iv. Diffuse sclerosing variant

•••••••••••••••••v. Oxyphilic (Hürthle) cell type

••••••••3. Medullary thyroid cancer

•••••••••••a. Variant

•••••••••••••••••i. Mixed medullary-follicular carcinoma

••••••••4. Undifferentiated (anaplastic) carcinoma

••••••••5. Other carcinomas

•••••••••••a. Mucinous carcinoma

•••••••••••b. Squamous cell carcinoma

•••••••••••c. Mucoepidermoid carcinoma

•II. Nonepithelial tumors

III. Malignant tumors

•IV. Miscellaneous tumors

•••••A. Parathyroid tumors

•••••B. Paragangliomas

•••••C. Spindle cell tumors with mucous cysts

•••••D. Teratomas

••V. Secondary tumors

•VI. Unclassified tumors

VII. Tumor-like lesions

•••••A. Hyperplastic goiters

•••••B. Thyroid cysts

•••••C. Solid cell nests

•••••D. Ectopic thyroid tissue

•••••E. Chronic thyroiditis

•••••F. Riedel's thyroiditis

•••••G. Amyloid goiter

Hedinger C, editor: Histological typing of thyroid tumours, ed 2, Berlin, 1988, Springer-Verlag.
 
can be used to manage these lesions, although many physicians prefer surgery for patients younger than 40 years. These patients may require preoperative medications to control thyrotoxic symptoms. The lesions are typically removed with a 
unilateral thyroid lobectomy. The remaining thyroid tissue typically returns to normal function after several months. Ethanol injection has become increasingly common, especially in Europe, to manage these lesions.[67] 

Thyroid Cyst

Clinical Presentation

Although a thyroid cyst is not a specific diagnosis, this entity is frequently encountered in clinical practice. Approximately 15% to 25% of all thyroid nodules are cystic or have a cystic component.[169] The presence of a cyst does not signify a 
benign lesion because papillary carcinomas and parathyroid tumors may present with cystic masses. Papillary carcinoma may be present in 14% to 32% of all cystic nodules, although the majority of these lesions are benign adenomas or 
colloid nodules.[46] [173] 

Pathology

A thyroid cyst can result from congenital, developmental, or neoplastic causes.[46] Many cysts result from intranodular ischemia causing tissue necrosis and liquefaction. True epithelial-lined cysts are rare. Occasionally, parathyroid or 
thyroglossal duct cysts can be mistaken for thyroid nodules. However, a parathyroid cyst will contain high parathyroid hormone levels within the clear fluid and a thyroglossal duct cyst will contain columnar epithelium. These lesions may 
also be differentiated by ultrasound imaging.



Management and Prognosis

When encountered during FNA, a thyroid cyst should be drained completely. This may prove curative in the

2700

majority of simple cysts, although one or two additional drainage procedures may be required. However, if a cyst persists after three drainage attempts or reaccumulates quickly, the suspicion for carcinoma should increase. Brown fluid 
withdrawn from a cyst may represent old hemorrhage into an adenoma, but red fluid is more suspicious for carcinoma.[178] Clear, colorless fluid may be withdrawn from a parathyroid cyst and can be assessed for parathyroid hormone. [88] In 
suspicious cases, the surgeon and patient should consider an ultrasound-guided FNA to sample a solid component of the lesion or a unilateral thyroid lobectomy to obtain a definitive diagnosis. Given the potential for thyroid carcinoma in 
cystic lesions, surgical excision for diagnosis is preferable to the injection of sclerosing agents.

Papillary Carcinoma

Clinical Presentation

Papillary carcinoma is the most common form of thyroid malignancy, accounting for 60% to 70% of all thyroid cancer.[105] [193] This lesion typically presents in patients 30 to 40 years of age and is more common in women, with a female/male 
ratio of 2:1. Interestingly, this ratio has decreased steadily over the past 40 years or so as the incidence in men has risen.[28] Papillary carcinomas are the predominant thyroid malignancy in children (75%). Although children more commonly 
present with advanced disease, including cervical and distant metastases, their prognosis remains quite favorable.

The majority of cases of papillary carcinoma occur spontaneously. Patients with a history of low-dose radiation exposure tend to develop papillary carcinomas (85%–90%).[186] Additionally, these lesions are more common in patients with 
Cowden's syndrome, Gardner's syndrome, and familial polyposis. Only 6% of papillary carcinomas are associated with familial disease.

Papillary carcinoma can be classified into three categories based on size and extent of the primary lesion.[135] [237] Minimal or occult/microcarcinoma tumors are up to 1.5 cm in size and demonstrate no evidence of invasiveness through the 
thyroid capsule or to cervical lymph nodes. These lesions are typically nonpalpable and are usually incidental findings during operative or autopsy examination. Intrathyroid tumors are greater than 1.5 cm in diameter but are confined to the 
thyroid gland with no evidence of extrathyroid invasion. Extrathyroid tumors extend through the thyroid capsule to involve the surrounding viscera. This latter form of papillary carcinoma is associated with a substantial morbidity and 
decreased survival.[70] [135] 

Most patients present with a slow-growing, painless mass in the neck and are often euthyroid. Often, the primary lesion is confined to the thyroid gland, although up to 30% of patients may have clinically evident cervical nodal disease.[20] [137] 
Histologic studies have demonstrated the strong lymphotropic nature of papillary carcinoma, leading to multifocal disease within the thyroid and regional lymphatics. Microscopic disease has been identified in the cervical nodes of 50% to 
80% of patients and in the contralateral lobe in up to 80% of patients with papillary carcinoma at the time of surgery.[153] However, the significance of this microscopic disease is unclear, since clinical recurrence in the neck and in the 
contralateral lobe occur in fewer than 10% of patients.[213] More likely, the prevalence of microscopic disease suggests that the majority of papillary carcinomas have an indolent course that only occasionally becomes clinically evident. 
However, definite predictors of the clinical course for papillary carcinoma are not well defined.

Advanced disease may be associated with symptoms of local invasion, including dysphagia, dyspnea, and hoarseness. Occasionally, cervical nodal involvement may be more apparent than the thyroid nodule. Distant metastases, especially to 
the lungs, are more commonly encountered in children, although up to 10% of all patients may ultimately develop distant disease.[30] 

Thyroid cancer is often suspected in these patients after a thorough history and physical examination. The diagnosis is usually established by FNAC. Thyroid function tests are done routinely in the preoperative assessment. Radiographic 
imaging (CT or MRI) is selectively performed to define extensive local or substernal disease and to evaluate possible lymph node involvement.

Pathology

On gross examination, papillary carcinoma is firm, white, and not encapsulated. The lesion tends to remain flat on sectioning rather than bulging like normal thyroid tissue or benign nodular lesions. Macroscopic calcifications, necrosis, or 
cystic changes may be readily apparent.[236] 

Histologically, these lesions arise from thyroid follicular cells and contain papillary structures that consist of a neoplastic epithelium overlying a true fibrovascular stalk.[171] Cells are cuboidal with a pale, abundant cytoplasm. Large, crowded 
nuclei with folded and grooved nuclear margins may have intranuclear cytoplasmic inclusions. Prominent nucleoli account for the "Orphan Annie eye" appearance. Laminated calcium densities, psammoma bodies, are likely the remnants of 
necrotic calcified neoplastic cells and are present in 40% of cases.

Even though a follicular component may predominate, lesions with any papillary features behave clinically as papillary carcinomas. Thus, the designation of

2701

"papillary carcinoma" includes mixed papillary follicular carcinoma and the follicular variant of papillary carcinoma. A more unfavorable prognosis is associated with the certain histologic forms of papillary carcinoma, including diffuse 
sclerosing and tall-cell variants.[121] [171] The tall-cell variant is characterized by well-formed papillae covered by cells that are twice as tall as they are wide. The rarer columnar cell variant is characterized by the presence of prominent nuclear 
stratification.[170] 

Papillary carcinomas have a strong tendency for lymphatic spread within the thyroid and to local lymph nodes in the paratracheal and cervical regions. The tendency for intraglandular spread may lead to the multifocal disease often present in 
patients. However, discrete lesions may be due to de novo formation, especially in patients previously exposed to ionizing radiation.[66] 

Local invasion occurs in 10% to 20% of these tumors, leading to involvement of the overlying strap muscles, laryngeal and tracheal framework, RLNs, pharynx, and esophagus. This extension may evolve from the primary lesion or from 



extracapsular extension of metastatic nodes. Angioinvasion is a clear harbinger of increased risk for recurrence and worse prognosis.[193] Interestingly, a coexisting lymphocytic thyroiditis has been correlated with decreased recurrence and 
better overall prognosis.

Management and Prognosis

The majority of patients with papillary carcinoma do well regardless of treatment. Prolonged survival, even with recurrent disease, has led to controversy regarding the extent of thyroidectomy for patients with well-differentiated thyroid 
carcinomas (see section titled "Surgical Management and Technique: Extent of Surgery"). A balance must be achieved between an effective surgical treatment for these malignancies and the potential morbidity of this surgery. A number of 
studies have attempted to categorize patients by their risk factors and to justify more aggressive surgical intervention for high-risk patients (see section titled "Tumor Staging and Classification").

Minimal papillary thyroid carcinoma is usually identified in a thyroid specimen removed for other reasons. Unilateral thyroid lobectomy and isthmusectomy is usually sufficient surgical treatment unless there is angioinvasion or tumor at the 
margins of resection. These patients can then be treated with thyroid hormone to suppress TSH and closely followed up with ultrasonography. In patients with a small, encapsulated papillary thyroid carcinoma (<1.5 cm in diameter), a total 
lobectomy is sufficient.

When patients present with more extensive disease or indications of disease in both lobes, total or near-total thyroidectomy is the procedure of choice. Additionally, patients stratified into high-risk categories in any of the classification 
schemes previously described (see section titled "Tumor Staging and Classification") would probably benefit from a more extensive surgical procedure. This would permit possible thyroid hormone suppression therapy and radioiodine 
ablation of remaining disease.

Multifocal disease is present in as many as 80% of patients in some reports.[121] [137] This may represent de novo multicentric tumor formation or intraglandular metastasis. The prevalence of multifocal disease lends credence to the argument for 
more complete surgical removal of the thyroid gland in patients with papillary thyroid cancer. Patients with partial thyroidectomy had higher local recurrence rates and increased pulmonary and cervical metastases.[31] [129] Controversy remains, 
however, because this increased local recurrence did not compromise disease survival in some studies.[27] [40] 

Generally, invasive tumors are associated with a compromise in survival. Woolner and others[236] reviewed 1181 thyroid cancer patients and found that no patient died of papillary cancer when the lesion was less than 1.5 cm in size. Only 3% 
of patients died when the lesion was larger but remained intrathyroid. Mortality rose to 16% of patients when extrathyroid disease was present.

After total thyroidectomy, patients may be monitored by following thyroglobulin levels, which should remain undetectable. Any rise in thyroglobulin levels is suspicious for disease recurrence and will require appropriate screening. 
Approximately 12% of patients with papillary carcinoma are not cured by initial treatment, leading to a prolonged clinical course.[50] Recurrent disease may occur after many years, involving the thyroid bed (5%–6%), regional lymphatics 
(8%–9%), or distant sites (4%–11%).[174] Successful treatment of recurrence varies by site of involvement and the patient's initial risk classification.

Local recurrence is a serious complication and is associated with a disease-related mortality of 33% to 50%.[174] Typically, patients with nodal recurrence fare better than those with tumor recurrence in the thyroid bed or distant sites. Studies 
have been inconsistent regarding the impact of cervical metastases on survival. Patients older than 40 years may have clinically evident nodal disease in 36% to 75% of cases and overall increased mortality. [28] [134] Surprisingly, some studies 
suggest prognosis is better with more cervical node involvement.[93] [136] Although the role of cervical metastasis in survival may be controversial, there is an association with an increased recurrence rate, especially in elderly patients.[50] [136] [189] 

Given these findings and the overall prevalence of microscopic cervical disease with uncertain prognostic
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implications, management of cervical metastasis tends to be conservative. There is no role for elective neck dissection in the clinically disease-free neck, especially given the effectiveness of radioiodine therapy in ablating microscopic 
disease.[213] In patients with a primary tumor larger than 2 cm in diameter or involving extrathyroidal structures, the central compartment from hyoid bone to mediastinum between the internal jugular veins (levels VI and VII) should be 
carefully inspected and palpated. In patients with palpable or visible neck disease, a selective neck dissection (levels II–V) should be performed. Although level I is seldom involved, metastatic disease is frequently noted on histologic 
examination of nodal levels II through V.[160] 

The presence of distant metastasis is clearly associated with a worse prognosis. Approximately 10% of patients with papillary thyroid carcinoma develop distant metastasis at some point during their disease course.[30] Most commonly, the 
lungs are involved, although bone sites and the central nervous system may also be affected.

In nearly every study, patient age at the time of diagnosis is an important prognostic variable.[29] [134] [136] Older patients (especially older than the age of 40 years) with papillary carcinoma have a worse prognosis. Furthermore, extrathyroidal 
invasion appears to be more common in older patients. The prognosis for men younger than age 40 is comparable to women of the same age. However, overall survival is worse for men, and the risk of death from papillary thyroid carcinoma 
may be twice as great.[27] [136] Furthermore, in the last 40 years, the increase in incidence of papillary thyroid carcinoma in men has decreased the gender ratio of men to women with the disease from 1:4 to 1:2.[28] 

Children clearly fare better with this disease. In patients younger than 15 years of age, 90% demonstrate cervical metastasis at some time during their disease course.[95] Furthermore, up to 20% of children may present with pulmonary 
metastases.[62] However, neither factor seems to have any impact on survival. Perhaps these differences may be related to biologic differences in the disease process or between age groups.

Finally, the tall-cell variant of papillary thyroid carcinoma is clearly different from other forms of this disease. A review of patients with tall-cell variant papillary carcinoma demonstrates a more aggressive natural history in all age groups 
and a worse prognosis.[161] 

Follicular Carcinoma

Clinical Presentation

Follicular carcinomas represent 10% of thyroid malignancies. The mean age of presentation is 50 years, compared with the younger mean age of patients with papillary carcinoma (35 years). Women more commonly have this lesion, with a 
female/male ratio of 3:1.[21] These lesions occur more frequently in iodine-deficient areas, especially areas of endemic goiter. Follicular carcinomas have been correlated with pregnancy and with certain HLA subtypes (DR1, DRw, and DR7). 
Also, a rare form of familial follicular carcinoma is reported in patients with dyshormonogenesis. Interestingly, the overall incidence of follicular carcinoma in decreasing in the United States.



Patients usually present with a solitary thyroid nodule, although some patients may have a history of long-standing goiter and recent rapid size increase. These lesions are typically painless, although hemorrhage into the nodule may cause 
pain. Cervical lymphadenopathy is uncommon at initial presentation, although distant metastases are more frequently encountered than with papillary carcinomas. In rare cases (1%), the follicular carcinoma may be hyperfunctioning and the 
patient will present with signs and symptoms of thyrotoxicosis.

Other than characterization of a follicular neoplasm, a definitive preoperative diagnosis is usually not possible by FNAC. Differentiation between follicular adenoma and follicular carcinoma requires an evaluation of the thyroid capsule for 
invasion or identification of vascular invasion. Typically, about 20% of thyroid nodules demonstrating follicular neoplasm cytology will contain carcinoma.

Unlike papillary carcinoma, follicular thyroid carcinomas are less likely to metastasize via lymphatic pathways (found in fewer than 10% of patients). [38] More commonly, follicular carcinoma spread through local extension and 
hematogenous spread. Often, the presence of cervical lymph node disease indicates significant local disease and visceral invasion.[28] [106] Distant metastasis is also more common in follicular cancers than papillary cancers, especially at 
presentation.[86] [239] A pathologic bone fracture may be the initial presentation of follicular carcinoma. Other common sites include the liver, lung, and brain.

Pathology

Follicular thyroid carcinoma tends to present as solitary, encapsulated lesions. Cytologic analysis of follicular neoplasms reveals small follicular arrays or solid sheets of cells.[171] The follicular structures have lumen that do not contain colloid 
and the overall architectural pattern depends on the degree of tumor differentiation. Increased cellularity may increase the suspicion for carcinoma, but cytology alone is not sufficient to distinguish between a follicular adenoma and 
carcinoma.
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Histologic findings are necessary to distinguish benign and malignant lesions. Malignant lesions are differentiated by the identification of capsular invasion and potential microvascular invasion of vessels along the tumor capsule. [117] [238] 
Complete capsular evaluation must be performed. Thus, frozen-section analysis is often inadequate, and definitive diagnosis requires complete assessment of permanent sections.

The degree of capsular invasion is important for patient prognosis. Follicular carcinomas can be divided into two broad categories. Minimally invasive tumors demonstrate evidence of invasion into but not through the tumor capsule at one or 
more sites. These lesions do not exhibit small-vessel invasion. Frankly invasive tumors demonstrate invasion through the tumor and often exhibit vascular invasion.[235] Tumor infiltration and invasion may be apparent at surgery, with tumor 
present in the middle thyroid or jugular veins.

Many other factors have been investigated as means to differentiate between adenomas and carcinomas. To date, no molecular markers have been clinically useful. DNA ploidy varies in both adenomas and carcinomas with considerable 
overlap. [104] Aneuploid follicular carcinomas, though, are noted to behave in a more aggressive manner.

Management and Prognosis

Patients diagnosed with an follicular lesion by FNAC should have a thyroid lobectomy with isthmusectomy performed. The pyramidal lobe, if present, should be included in the resection. As described previously, cytologic findings alone 
cannot determine the presence of adenoma or carcinoma. Intraoperative frozen-section analysis is not helpful given the incomplete assessment of the tumor capsule. However, frozen sections should be analyzed to confirm gross evidence of 
adjacent cervical lymphadenopathy. A total thyroidectomy is recommended if carcinoma is identified. In patients with a clinical suspicion for follicular carcinoma, the tendency is to perform a more complete resection. Total thyroidectomy is 
performed in older patients with a nodule greater than 4 cm in size diagnosed by FNAC as follicular neoplasm. In these patients, the risk of carcinoma is approximately 50%.[116] 

A diagnosis of follicular carcinoma following a thyroid lobectomy usually necessitates a completion thyroidectomy. Patients with minimally invasive follicular cancer have a very good prognosis, and the initial thyroid lobectomy may be 
sufficient treatment. However, invasiveness of follicular carcinoma correlates directly with decreased survival. In patients with invasive follicular carcinomas, many surgeons tend toward completion and total thyroidectomy to permit 
radioiodine scanning for detection and ablation of metastatic disease. More aggressive surgical intervention does not clearly improve survival given that invasiveness already indicates the increased likelihood of distant metastasis. Neck 
dissection is performed if cervical lymphadenopathy is present. Elective neck dissections are unwarranted because nodal involvement is relatively infrequent.[191] 

The recurrence rate after initial management is approximately 30%.[130] Recurrence is related to the degree of invasiveness of the initial lesion, not the extent of initial thyroid surgery. Minimally invasive disease behaves similarly to follicular 
adenoma and is typically cured with conservative surgical procedures (thyroid lobectomy).[198] Recurrence of minimally invasive follicular carcinoma is approximately 1%. About 15% of those with recurrent or metastatic disease can be cured. 
The prognosis of these patients relates to the site of recurrence as well as the patient's initial risk stratification. Survival outcomes are significantly poorer in those with capsular invasion and angioinvasion.[220] Those with cervical node 
recurrence have a 50% cure rate, whereas those with distant metastases have a cure rate of about 9%.[130] [174] 

Overall, 5-year survival is 70% and decreases to 40% at 10 years for patients with follicular carcinoma. The presence of distant metastasis diminishes 5-year survival to 20%.[41] Factors that worsen the prognosis include age older than 50 
years at presentation, tumors greater than 4 cm in size, higher tumor grade, marked vascular invasion, extrathyroidal invasion, and distant metastasis at the time of diagnosis.[191] Extrathyroidal invasion beyond the capsule and into the thyroid 
parenchyma and local structures is the key factor decreasing patient survival. Clearly, risk stratification demonstrates marked differences in patient survival. In one study, the low-risk group had a 5-year survival rate of 99% and a 20-year 
survival rate of 86%. In the high-risk group the 5-year survival rate was only 47%, and this decreased to a 20-year survival rate of 8%.[21] 

The prognosis of patients with follicular carcinoma has typically been reported to be worse than for those with papillary carcinoma. Some reports that matched age, sex, and stage at time of diagnosis suggest that patients with papillary and 
follicular carcinomas have similar survival patterns.[55] [134] The poor prognosis of those with follicular carcinoma may be related to the increased number of patients who present at an older age and a more advanced disease stage. Additionally, 
unlike papillary carcinoma, mortality is directly related to recurrence in patients with follicular carcinoma. [28] 
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Hürthle Cell Tumor

Clinical Presentation



According to World Health Organization classification, Hürthle cell tumor (HCT) is a subtype of follicular cell neoplasm. HCT nodules can be found in patients with Hashimoto's thyroiditis or Graves' disease or within a nodular goiter. 
These tumors are derived from oxyphilic cells of the thyroid gland. Although the precise function of these cells is unknown, Hürthle cells express TSH receptors and produce thyroglobulin.

Hürthle cell neoplasms are typically diagnosed by FNAC. Approximately 20% of these lesions are malignant. As with follicular lesions, histologic criteria are required to diagnose carcinomas. Hürthle cell carcinomas represent approximately 
3% of all thyroid malignancies. The mean age of presentation for patients with Hürthle cell carcinoma may be somewhat older than for follicular carcinoma. [61] [77] Hürthle cell carcinomas are more aggressive than follicular carcinomas. They 
are often multifocal and bilateral at presentation. Additionally, these malignancies are more likely to metastasize to cervical nodes and distant sites.[212] 

Pathology

FNAC of HTC typically demonstrates hypercellularity and the presence of eosinophilic cells. These neoplasms are characterized by sheets of eosinophilic cells packed with mitochondria. Cytologic differentiation between adenoma and 
malignant tumor by FNAC is extremely difficult. Histologic findings of capsular or vascular invasion confirm the presence of Hürthle cell carcinoma.

Management and Prognosis

The clinical approach to an HCT is similar to that for follicular neoplasms. With a Hürthle cell adenoma, resection of the affected lobe and isthmus is sufficient. Invasive findings for a Hürthle neoplasm on formal pathology warrant a total or 
completion thyroidectomy. Hürthle cell carcinomas tend to be more aggressive than other follicular carcinomas, and they are less amenable to radioiodine therapy given their decreased tendency to uptake radiolabeled iodine. A careful 
examination for local disease extension or adjacent cervical lymphadenopathy should be performed. The paratracheal region should be carefully palpated and examined. The paratracheal nodes should be removed if disease is obvious during 
inspection. Also, a comprehensive neck dissection should be undertaken if lateral neck nodes are palpable.

Postoperative management should include TSH suppression and thyroglobulin monitoring. A 99m Tc scan may be useful for detecting persistent local or metastatic disease. A radioiodine scan and ablation can be performed to remove any 
residual normal thyroid tissue to allow for better surveillance. However, this therapy is unlikely to be effective in tumor ablation, as few (approximately 10%) Hürthle cell carcinomas uptake radioiodine.[59] 

Overall, survival rates for HCTüs are significantly worse than for follicular thyroid cancer. The number of patients who die from Hürthle cell carcinoma is greater than those who die from papillary or follicular carcinoma. [208] Additionally, 
Hürthle cell carcinoma is associated with the highest incidence of distant metastases among the well-differentiated thyroid carcinomas.[176] 

Medullary Carcinoma

Clinical Presentation

Medullary thyroid carcinomas (MTCs) are a distinct category of disease and represent approximately 5% of all thyroid carcinomas. These malignancies arise from parafollicular C cells and may secrete calcitonin, carcinoembryonic antigen 
(CEA), histaminadases, prostaglandins, and serotonin. Measurement of secreted calcitonin is useful for the diagnosis of medullary carcinoma and for postsurgical surveillance for residual and recurrent disease.

MTC demonstrates an intermediate behavior between well-differentiated thyroid cancers and anaplastic carcinomas. Women and men are equally affected by medullary carcinomas.[96] Patients usually present with a neck mass associated with 
palpable cervical lymphadenopathy (up to 20%).[36] Local pain is more common in these patients, indicating the presence of local invasion, and may be associated with dysphagia, dyspnea, or dysphonia. MTC may present along with papillary 
thyroid carcinoma because related mutations in ret are present in both diseases. Although MTC spreads initially to cervical nodes, distant metastases may be found in the mediastinum, liver, lung, and bone and are present in up to 50% of 
patients at diagnosis.[58] 

The majority (70%) of medullary carcinomas are spontaneous unifocal lesions in patients aged between 50 and 60 years old without an associated endocrinopathy. [36] The remaining 30% of cases affecting younger patients are familial. These 
hereditary medullary carcinomas are inherited as autosomal-dominant traits with nearly 100% penetrance. Medullary carcinoma in these patients is preceded by multifocal C-cell hyperplasia and leads to disease that is multicentric and 
bilateral in 90% of cases.[51] [166] Familial MTC (FMTC) is not associated with any other endocrine pathology. Two forms of MEN syndrome are associated with MTC. Patients with MEN IIA exhibit MTC, pheochromocytoma, and 
hyperparathyroidism.[51] [145] Patients with MEN
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IIB have a marfanoid body habitus and may have MTC, pheochromocytoma, or mucosal neuromas. Although penetrance for MTC approaches 100% in these patients, expression of other features is variable.[75] [166] 

FNAC diagnosis of MTC is confirmed by elevated serum calcitonin. Additionally, these patients should have testing for mutation of the ret protooncogene. Genetic screening has replaced provocative pentagastrin-stimulation testing. Careful 
screening for hereditary diseases is also necessary when a patient is diagnosed with MTC. Hyperparathyroidism can be assessed by serum calcium levels and appropriate imaging studies. Patients should also be screened for the presence of a 
pheochromocytoma with 24-hour urinary levels for catecholamines/metanephrines and should undergo an abdominal MRI. An undiagnosed pheochromocytoma could lead to an intraoperative hypertensive crisis and death. Additionally, the 
detection of any hereditary form of MTC in a patient should lead to family screening. Affected family members can often be identified and treated at earlier stages of disease with improved survival.[15] [177] 

Pathology

MTC originates from parafollicular C cells of neuroectodermal origin.[190] They descend to join the thyroid gland proper and are concentrated mainly in the lateral portions of the superior poles. Thus, most MTC lesions are located in the 
middle and upper thyroid poles. In patients with hereditary forms of MTC, the disease is often multifocal. Grossly, the tumor is solid, firm, and has a gray cut surface. The lesion is nonencapsulated but relatively well circumscribed.

These lesions are composed of sheets of infiltrating neoplastic cells that are heterogeneous in shape and size. These cells are separated by collagen, amyloid, and dense irregular calcification. The amyloid deposits are likely polymerized 
calcitonin and are virtually pathognomonic for MTC, although not all MTC contain amyloid.[203] More aggressive tumors typically have increased mitotic figures, nuclear pleomorphism, and areas of necrosis. Immunohistochemistry for 
calcitonin and CEA are useful diagnostic studies.

Management and Prognosis



Total thyroidectomy is the treatment of choice in patients with MTC because the lesions have a high incidence of multicentricity and an aggressive disease course. Patients with FMTC or MEN II should have the entire gland removed, even 
in the absence of a palpable mass.

Given the frequent involvement of cervical nodes, initial surgical management should include bilateral central compartment neck dissection. When central compartment nodes are involved or when palpable lateral cervical nodes are present, 
treatment including an ipsilateral or bilateral comprehensive neck dissection (levels II–V) should be considered. Additionally, when the primary lesion is greater than 2 cm, the patient should undergo an elective ipsilateral comprehensive 
neck dissection because nodal metastases may be present in more than 60% of these patients. [17] [56] The superior mediastinal lymph nodes (level VII) should be routinely removed as well.

Potentially associated conditions such as hyperparathyroidism and pheochromocytoma must be carefully evaluated and, if necessary, treated before thyroidectomy. A pheochromocytoma may need to be removed before treatment of the 
thyroid lesion. In the presence of hypercalcemia, the parathyroid glands need to be identified during thyroidectomy. If the parathyroid glands are abnormal, they should be removed. Otherwise, they should be adequately marked to facilitate 
future identification, especially in patients with MEN IIA.

Children with any of the genetic disorders leading to MTC need to be treated aggressively. Typically a total thyroidectomy should be performed by patient age of 2 to 3 years or before C-cell hyperplasia occurs. Removal of the thyroid gland 
should prevent development of MTC in these patients and improve survival. However, MTC has been diagnosed in MEN IIB patients as young as 7 months old.[154] 

After surgery, patients require close follow-up and monitoring of serum calcitonin and CEA levels. Calcitonin is more sensitive for detecting persistent or recurrent disease, but CEA levels appear to be predictive for survival.[56] Rising or 
persistent calcitonin levels should increase suspicion for residual or recurrent disease. Localization studies should be performed to identify potential sites of disease involvement. Tumor debulking for metastatic disease or local recurrence can 
decrease symptoms of flushing and diarrhea and may reduce the risk of death resulting from recurrent central neck disease.[58] [230] Unfortunately, though, MTC do not respond to radioiodine therapy or TSH suppression therapy, given their 
parafollicular C-cell origin.[177] External beam radiation therapy (EBRT) has been controversial for patients with positive tumor margins or unresectable tumor, and there is no effective chemotherapy regimen.

Prognosis for patients with MTC is directly related to disease stage. The overall 10-year survival rate is between 61% and 75% but decreases to 45% if cervical nodes are involved.[107] [177] The best outcome is for patients with FMTC, then MEN 
IIA, sporadic disease, and MEN IIB.
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Anaplastic Carcinoma

Clinical Presentation

Anaplastic thyroid carcinomas are one of the most aggressive malignancies, with few patients surviving 6 months beyond initial presentation.[119] [122] These lesions represent fewer than 5% of all thyroid carcinomas.[150] These tumors affect 
patients 60 to 70 years of age and presentation before the age of 50 years is extremely rare. Women are more commonly affected than men, with a ratio of 3:2. Eighty percent of these malignancies may occur with a coexisting carcinoma and 
may represent transformation of a well-differentiated thyroid cancer.[108] [122] 

Typically, patients have a long-standing neck mass that enlarges rapidly. This sudden change is often accompanied by pain, dysphonia, dysphagia and dyspnea. Often the mass is quite large and fixed to the tracheolaryngeal framework, 
resulting in vocal cord paralysis and tracheal compression. More than 80% have jugular lymph node involvement at the time of presentation and greater than 50% have systemic metastases.[52] Most patients will succumb to superior vena cava 
syndrome, asphyxiation, or exsanguination.

Pathology

In the case of anaplastic thyroid carcinoma, the gross specimen will demonstrate areas of necrosis and macroscopic invasion of surrounding tissues, often with lymph node involvement. Microscopically, sheets of cells with marked 
heterogeneity are present. Spindle, polygonal, and giant, multinucleated cells are present with occasional foci of differentiated cells. These cells do not produce thyroglobulin, do not transport iodine, and do not express thyroid hormone 
receptors. [122] These findings can often be established on FNAC, although a formal biopsy is occasional necessary to exclude a diagnosis of lymphoma.

Management and Prognosis

Management of anaplastic carcinoma is extremely difficult, requiring a multidisciplinary approach and close consultation with the patient and family. Surgical debulking may be performed for palliation. Initial therapy should ensure airway 
protection with a tracheostomy and nutritional support. All treatment forms are disappointing, and median survival is 2 to 6 months.[150] [224] One current treatment protocol involves doxorubicin, hyperfractionated radiation therapy, and 
potentially surgical debulking.[111] [210] Although survival beyond 2 years is only 12%, this is the one of the only regimens currently available for these patients.

Retrospective evaluation of various treatment strategies identified a subset of patients who have had long-term survival.[100] [209] [225] Independent prognostic variables include respectability of local disease, absence of distant metastasis at 
diagnosis, and adjuvant treatment with radiation therapy. Additionally, many of the long-term survivors had small areas of anaplastic foci within well-differentiated carcinoma.

Other Forms of Thyroid Cancer

Insular Thyroid Carcinoma

Insular carcinoma was named for the clusters of cells that contain small follicles resembling pancreatic islet cells.[32] These tumors are very rare and present as an independent lesion or concomitantly with papillary or follicular thyroid 
carcinomas. These cells stain with thyroglobulin antibodies, but not for calcitonin. Typically, capsular and vascular invasion is present at the time of diagnosis.

These lesions are very aggressive when compared with follicular and papillary carcinoma and appear to have an increased recurrence and mortality rate when present as an independent process.[24] However, insular carcinoma located within 
follicular or papillary thyroid cancer does not seem to adversely affect the clinical course. Fortunately, many insular thyroid carcinomas are able to concentrate radioiodine.

Lymphoma



Primary thyroid lymphoma is unusual and represents fewer than 5% of all thyroid malignancies.[201] Women are more commonly affected at a ratio of 3:1, and lymphoma typically presents in those older than 50 years of age. Patients may 
present with symptoms similar to anaplastic carcinoma, although the rapidly enlarging mass is often painless. Symptoms may also include regional adenopathy, dysphagia, and vocal cord paralysis caused by RLN invasion. Many affected 
patients are clinically hypothyroid or already receiving thyroid-replacement therapy for conditions such as Hashimoto's disease.[215] Non-Hodgkin's B-cell type lymphoma is most common, although Hodgkin's disease and plasmacytomas do 
occur.[179] Thyroid lymphoma can arise as part of a generalized lymphomatous condition, as many of these patients have Hashimoto's disease. Current hypotheses as to why this occurs include chronic antigenic lymphocyte stimulation that 
results in lymphocyte transformation.

A definite diagnosis needs to be made and frequently can be established by FNAC. Occasionally, a needle-core or open cervical lymph node biopsy may be necessary. Given the rare incidence of primary thyroid lymphoma, a comprehensive 
survey must be performed to exclude the presence of lymphoma at other sites.

Patients typically respond rapidly to chemotherapy, especially CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone).[53] [165] Combined
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radiation and chemotherapy regimens have also been developed and have been promising. Thyroidectomy and nodal resection may be considered to alleviate symptoms of airway obstruction in patients who do not respond rapidly to 
treatment, but surgical options are not primary treatment modalities.

The prognosis of patients depends on the histologic grade of the tumor and the presence of extrathyroidal disease. Overall, 5-year survival is about 50%. However, intrathyroid disease survival is 85% and decreases to 40% for patients with 
extrathyroid disease.

Metastatic Carcinoma

The thyroid is a rare site for metastases from other cancers. However, metastasis can occur from primary lesions in the kidney, breast, lung, and skin (i.e., melanoma). The most common metastatic tumor to the thyroid is from a 
hypernephroma. Also, approximately 3% of bronchogenic carcinomas metastasize to the thyroid but account for 20% of all metastases to the thyroid.[103] 

Typically, the history and physical examination identify the source of the metastasis. FNAC is performed for definitive diagnosis. Thyroidectomy may be considered for palliation, especially when the primary lesion is very slow growing (e.
g., renal cell carcinoma).[79] 

Squamous Cell Carcinoma

Squamous cell carcinoma of the thyroid is very rare, representing fewer than 1% of thyroid cancers.[142] Older patients are most commonly affected, and the disease can progress rapidly with local invasion and metastasis. During the workup, 
metastasis from another site within the upper aerodigestive tract needs to be excluded. Early detection and aggressive surgical treatment appears to represent the best option for palliation and cure. As with other squamous cell carcinoma of 
the head and neck, radiation therapy is probably important, although not well characterized.[216] 

SURGICAL MANAGEMENT AND TECHNIQUE

Approach to the Thyroid Gland

Before any thyroid surgery, any voice changes or previous neck surgery should prompt assessment of vocal cord mobility by indirect laryngoscopy. Although many patients with thyroid carcinomas are euthyroid, necessary medical therapy 
should be instituted for patients demonstrating thyrotoxicosis or hypothyroidism to avoid intraoperative metabolic derangements, such as hypertensive crisis. Details of this management are beyond the scope of the present chapter but should 
include consultation with an endocrinologist.

The patient should be positioned supine on the operating table with an inflatable pillow or shoulder roll and adequate head support to permit full neck extension for optimal exposure. A symmetrical, transverse incision along a skin crease 
approximately 1 cm below the cricoid cartilage is made through the platysma. The length of the incision will depend on the size of the thyroid gland. Larger incisions will be necessary for patients with short, thick necks, difficulty with neck 
extension, or a low-lying thyroid gland. Subplatysmal skin flaps are raised superiorly to the level of the thyroid cartilage notch and inferiorly to the clavicle.

Exposure of the thyroid gland is obtained through a midline, vertical incision through the superficial layer of the deep cervical fascia between the sternohyoid and sternothyroid muscles. The strap muscles are bluntly separated, and dissection 
proceeds laterally along the thyroid capsule until the ansa cervicalis is noted at the lateral edge of the sternohyoid muscle/medial aspect of the internal jugular vein. Rarely, the strap muscles must be divided to gain access to a large thyroid 
lobe or tumor. This division should be done high on the muscle to preserve innervation from the ansa hypoglossal nerve. The strap muscles should be reapproximated before skin closure. Any evidence of frank invasion of thyroid carcinoma 
into the strap muscles should result in the en bloc resection of the section of the affected muscle with the thyroid lobe.

Through blunt dissection, the thyroid lobe is swept anteromedially to the tracheolaryngeal framework ( Figure 119-4, A ). The middle thyroid vein(s) should be identified, and division of this vessel will improve lateral exposure. The cricoid 
and trachea should be identified in the midline, and continued mobilization is achieved by sweeping dorsally all tissue along the posterolateral border of the thyroid lobe. Meticulous hemostasis should be maintained to facilitate identification 
of the SLN, RLN, and parathyroid glands.

The pedicle along the superior thyroid pole is identified early by retracting the thyroid inferiomedially. Dissection should be carried out close to the thyroid capsule to avoid possible injury to the external branch of the SLN. Occasionally, the 
external branch of the SLN that supplies the cricothyroid muscle can be visualized. The superior pole vessels should be individually identified and isolated for ligation close to the thyroid lobe. At this point, the tissues posterolateral to the 
superior pole can be swept away from the lobe in a posteromedial direction.

Identification of the RLN is best achieved through an inferior approach in a space defined by Lore and others[124] as the RLN triangle. The triangle is bounded by the trachea medially, the carotid sheath laterally, and the undersurface of the 
retracted inferior thyroid
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pole superiorly. Careful dissection in this area parallel to the course of the RLN should safely identify the nerve ( Figure 119-4, B ). A thyroid goiter or unusually large thyroid mass will potentially displace the nerve. The RLN, in these cases, 
can become fixed to and splay across the undersurface of the enlarged thyroid lobe. Great care needs to be taken in these situations, and identification of the nerve may require a superior approach, identifying the RLN at its entry into the 
larynx.

Once identified, the RLN should be followed to its laryngeal entry at the level of the cricoid cartilage, passing under or through Berry's ligament and entering the larynx deep to the inferior constrictor muscle. The nerve may divide into 
multiple branches before entering the larynx.[151] The most difficult portion of the operation is typically in dealing with the dissection where the recurrent nerve passes through Berry's ligament. The RLN is in close proximity to the thyroid, 
tethered down by the ligament. Bleeding can occur at this site and should be controlled by gentle pressure before identification of the nerve to avoid injury. Use of electrocautery in this region should be strictly avoided. A small portion of 
thyroid tissue may be embedded with the ligament, accounting for a remnant of thyroid tissue left following total thyroidectomy.

All vessels are ligated and divided on the capsule to reduce the risk of parathyroid devascularization ( Figure 119-5 ). Ischemic parathyroids and those situated anteriorly on the thyroid gland or removed with the thyroid lobe should be 
examined. They should be biopsied and confirmed by frozen-section examination. The parathyroid glands can be minced into 1-mm3 pieces and reimplanted in the ipsilateral sternohyoid muscle or sternocleidomastoid (SCM) muscle with a 
silk suture/clip to mark the reimplantation site.

Once the lobe is mobilized and key structures are identified, the isthmus can be transected close to the contralateral side. The edge of the isthmus is 

 
Figure 119-4a A, Careful dissection along the lateral portion of the thyroid lobe permits mobilization of the gland medially. The middle thyroid vein(s) should be carefully identified and ligated. B, The course of the recurrent laryngeal nerve 
along the tracheoesophageal groove is demonstrated intraoperatively. 

 

Figure 119-4b C, The lateral course of a nonrecurrent laryngeal nerve has been revealed intraoperatively. 



 

Figure 119-5 A parathyroid gland is demonstrated in close proximity to the recurrent laryngeal nerve. Close dissection and ligation of vessels along the thyroid capsule will ensure that the vascular supply to the parathyroid glands remains 
intact. 

 

Figure 119-6 A, A lateral neck view demonstrates a large, compressive thyroid mass. B, An axial CT scan reveals extensive local invasion by the thyroid lesion involving the thyroid cartilage, larynx, and esophagus. 

 

Figure 119-7 A, An axial view from a CT scan demonstrates a large, locally invasive thyroid mass. B, The large thyroid mass has been dissected free from adjacent structures but involves the esophagus. C, Resection of the thyroid mass 
required excision of a portion of the esophagus. The esophagus was closed primarily. D, A postoperative barium swallow study demonstrated that the esophagus was intact and the patient was able to tolerate a regular diet. (Used with 
permission from Lai SY, Weber RS: Thyroid cancer. In Ensley JF and others, editors: Head and neck cancer: emerging perspectives, San Diego, 2002, Academic Press, p 424.) 
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Chapter 120 - SURGICAL MANAGEMENT OF PARATHYROID DISORDERS

Phillip K. Pellitteri 
Robert A. Sofferman 
Gregory W. Randolph 

INTRODUCTION

The recorded history of hyperparathyroidism in modern medicine is relatively short. Sir Richard Owen, a renowned British anatomist and curator, is generally acknowledged as being the first to describe the existence of the parathyroid 
glands in 1852.[377] The discovery occurred subsequent to the death of the Zoological Society of London's Indian rhinoceros, the postmortem of which was conducted by Owen and subsequently reported to the Zoological Society. In 1877, the 
Swedish histologist Ivar Sandstrom reported the existence of distinct glandular tissue adjacent to the thyroid in a dog.[342] Over the subsequent 2 years, similar findings in other small mammals led to the search for, and ultimate discovery of, a 
similar organ in humans (glandulae parathyroideae), which Sandstrom reported on in 1880.

The earliest reports of clinical hyperparathyroidism involved bone disease, or osteitis fibrosa cystica, as termed by von Recklinghausen.[397] However, these reports, did not associate the characteristic changes in bone from hyperparathyroidism 
with parathyroid gland abnormalities. Askanazy,[15] in 1903, reported on an autopsy performed on a patient with osteomalacia and nonfusing long bone fractures in whom a large (>4 cm) tumor was seen adjacent to the thyroid gland, noting 
that it might represent a parathyroid tumor. It was not until Jacob Erdheim, a Viennese pathologist, discovered parathyroid gland morphologic and histologic abnormalities in patients with bone disease that an association between 
osteomalacia and parathyroid gland function was suspected. Erdheim studied the parathyroid glands by autopsy on all patients who died with bone disease and noted that many patients with osteomalacia and osteofibrosis cystica 
demonstrated enlarged parathyroid glands. He postulated that these glandular enlargements were secondary to compensatory hyperplasia and that the bone disease was the primary initiating factor.[109] Following up on initial experiments 
performed in rats by Eugene Gley, a French physiologist, Erdheim demonstrated that cautery destruction of the parathyroid glands in rats produced not only tetany, as shown by Gley, but also the typical dental changes consistent with 
calcium not being laid down.

Numerous reports of large parathyroid glands and bone disease followed until Schlagenhaufer suggested, at a meeting in Vienna in 1915, that if only a single parathyroid gland was thought to be enlarged, it should be excised. [341] The event 
that followed this suggestion years later would usher in the future treatment of parathyroid disease. Anton von Eiselberg, a pupil of Theodore Billroth, is noted as having performed the first parathyroid transplant. After performing total 
thyroidectomy in cats, von Eiselberg autografted the thyroid gland and a parathyroid gland into the animal's abdominal wall. Postoperatively the animals showed no sign of tetany, and, when subjected to histologic examination, these grafts 
demonstrated evidence of neovascularization.[396] William Halsted's experience with chronic hypocalcemia in thyroidectomy prompted him to study parathyroid transplantation experimentally in dogs. He demonstrated that even very small 
portions of parathyroid tissue surviving autograft could be lifesaving in these animals and that their removal would result in tetany and death. In addition, he used intravenous calcium gluconate solution to treat animals after experimental 
thyroidectomy. These experiments and others sparked his ever-present mandate to perform thyroidectomy carefully and meticulously, avoiding injury to the parathyroid glands and their blood supply.[148] 



Halsted worked with Herbert Evans, a medical student at Johns Hopkins, to define the blood supply to the parathyroid glands by use of a vascular casting
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technique and emphasized that tetany after thyroidectomy was caused more by interruption of the vascular supply to the parathyroid glands than by their inadvertent removal.

From a clinical standpoint the treatment of parathyroid disease was to change significantly with the work of Felix Mandle. Albert Gahne, a tram conductor, lived in Vienna after a bout with tuberculosis, which he acquired while serving in the 
Army during the years 1914 to 1918. He subsequently had bone pain and muscle fatigue in 1921 from which he became disabled. In 1924, after a fall that resulted in a fractured femur, he came under the treatment of Mandle, who recognized 
these events as being consistent with parathyroid disease. Believing that this might represent compensatory parathyroid hyperplasia as postulated by Erdheim, Mandle administered fresh parathyroid extract to Albert without improvement. 
Subsequently, Mandle transplanted fresh parathyroid glands obtained from the victim of a street accident into Albert, which again did not result in any resolution of symptoms. Recalling Schlagenhaufer's suggestion of nearly 10 years earlier, 
Mandel explored the neck of the now severely crippled tram conductor and removed a parathyroid tumor.[233] Albert experienced a remarkable and immediate improvement in bone pain and nearly 4 years later was walking with a cane free of 
pain. The disease recurred, and the patient was subsequently reexplored but did not survive after the procedure.[18] This experience illustrated several important issues that would come to influence future work with surgical parathyroid disease, 
including clinical use of parathyroid transplantation in humans and the treatment of recurrent disease by re-exploration.

That same year (1924), Hanson developed a potent extract of the parathyroid glands, which, when injected into animals, led to increased serum calcium, decreased phosphate, and elevated output of calcium in the urine. When used 
chronically, this extract would produce osteoporosis in the animals.[77] The association of elevated blood calcium levels and parathyroid dysfunction was well acknowledged when Charles Martell, a sea captain, was evaluated at the 
Massachusetts General hospital in 1927 and found to have hypercalcemia and generalized demineralization of the skeleton believed to be caused by hyperparathyroidism. The first two of a total of six operations performed on Captain Martell 
was by Dr. E. Richardson, Chief of Surgery at MGH. These first two neck explorations yielded only a single normal parathyroid gland on each side without identification of abnormal tissue.[319] A third neck exploration was performed in New 
York in 1929 by Dr. Russell Patterson without success. As renal function began to deteriorate with increasing symptoms of hyperparathyroidism, he returned to MGH under the care of Fuller Albright and Oliver Cope. Cope had experience 
in several parathyroid explorations under the supervision of Churchill and began cadaver dissection in preparation for re-exploration of Martell, which he did on three occasions in 1932 without success. At the urging of Captain Martell, who 
had read extensively about his own disease and the potential locations of ectopic parathyroid tissue, a mediastinal exploration, the seventh surgical procedure on Martell, was planned by Churchill. With Cope assisting, Churchill identified 
and removed most of a 3-cm tumor from the mediastinum, leaving an attached remnant portion with its vascular pedicle intact to avoid profound hypocalcemia. Despite these measures, tetany developed postoperatively that required 
treatment with calcium supplementation. Several weeks after surgery, Captain Martell experienced renal colic from an impacted ureteral stone, which required surgery. Unfortunately, this remarkable patient died from laryngospasm after an 
operation to relieve obstruction from the impacted stone. Interestingly, although the series of procedures performed on Captain Martell received more notoriety, the first successful parathyroidectomy performed in the United States took place 
in 1928 at Barnes Hospital of Washington University by Dr. Isaac Olsch. In this instance, a large adenoma was removed, precipitating a profound fall in serum calcium that required massive doses of parathyroid extract [149] [319] and intravenous 
calcium to save the patient.

The Nobel work of Berson and Yalow in 1963 paved the way for accurate identification of parathyroid hormone levels in serum and heralded a new era in the presentation of patients with parathyroidism. Coupled with this, multichannel 
autoanalyzing systems rapidly assessed blood chemical components, including calcium, in a routine fashion, thus changing the manner in which patients with hyperparathyroidism present for treatment. Instead of renal stones and bone 
abnormalities, patients are asymptomatic without significant subjective complaints and very few (if any) clinical signs. In most instances, the only abnormality facing the surgeon is an elevated serum calcium and parathyroid hormone level. 
It is on these findings and the assessment of risk of end organ damage that the modern-day surgeon treating parathyroid disorders must base his or her management decisions.

ETIOLOGY AND PATHOGENESIS OF HYPERPARATHYROIDISM

Parathyroid adenomas seem to be monoclonal or oligoclonal neoplasms, whereby the mechanism of propagation is thought to be clonal expansion of cells
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that have an altered sensitivity to calcium.[12] Arnold's work indicates that the molecular events that seem to trigger clonal propagation are heterogeneous. The genetic mutational events that occur in hyperparathyroidism have been 
characterized in a minority of tumors. Among those events identified are genetic rearrangements of the PRAD1, or parathyroid adenomatosis 1 oncogene, also known as cyclin D1. This protooncogene is located in the vicinity of the 
regulatory region of the gene for parathyroid hormone (PTH) production[13] [118] ( Figure 120-1 ). Subsequent realignment of DNA in this event now combines a growth promoter (PRAD1) with a regulatory region that controls PTH synthesis. 
This genetic realignment has not been uniformly demonstrated in most parathyroid adenomas, with only a minimal number having been shown to manifest rearrangement.

Another common molecular event, postulated to occur in parathyroid neoplasia, is alteration in tumor suppressor gene expression ( Figure 120-2 ). For this gene to be inactivated and thus product deficient, both alleles on the gene must be 
affected by the mutational event. Thus, tumorigenesis occurs as a sequential event by inactivation of both copies of the suppressor gene. [11] The most well known of these is the MEN1 tumor suppressor gene that demonstrates somatic 
mutations in both gene copies in 20% of patients with primary hyperparathyroidism.[164] Not surprisingly, this gene was initially recognized in 

 
Figure 120-1 Genetic rearrangement of the parathyroid hormone gene in primary hyperparathyroidism. Pericentromeric inversion of chromosome 11 illustrating PRAD 1 and PTH gene rearrangement. (From Arnold A: J Clin Endocrinol 
Metab 77:1108, 1993. The Endocrine Society; reprinted with permission.) 



 

Figure 120-2 Hypothesized roles of inactivated tumor suppressor genes in the development of parathyroid neoplasia. (From Arnold A: J Clin Endocrinol Metab 77:1108, 1993. The Endocrine Society; reprinted with permission.) 

 

Figure 120-3 Illustration demonstrating embryologic derivation and subsequent descent of the parathyroid glands with associated structures. 



 

TABLE 120-1 -- CAUSES OF PTH-MEDIATED HYPERCALCEMIA

Primary hyperparathyroidism

••Parathyroid adenoma

••Parathyroid lipoadenoma

••Parathyroid hyperplasia

••Parathyroid carcinoma

••Neck or mediastinal parathyroid cyst

Secondary hyperparathyroidism

Tertiary hyperparathyroidism
 
hyperparathyroidism, which is defined as hyperparathyroidism caused by a physiologic source without associated renal insufficiency or pathologic secondary hyperparathyroidism with associated renal failure, may result in parathyroid 
hormone-mediated hypercalcemia.

Secondary hyperparathyroidism from a nonrenal physiologic source may occur in patients with insufficient calcium intake, decreased intestinal calcium absorption, insufficient vitamin D intake or malabsorption, or renal hypercalciuria and 
represents the homeostatic attempt to maintain a normal serum calcium level by any means necessary. It is important to distinguish physiologic secondary hyperparathyroidism from primary hyperparathyroidism before embarking on surgical 
correction of presumed primary hyperparathyroid disease.

Pathologic secondary hyperparathyroidism and tertiary hyperparathyroidism occur as a result of renal insufficiency or renal failure. Hyperparathyroidism associated with these conditions results from subtle ionized hypocalcemia persisting 
over months to years, resulting in chronic stimulation of the parathyroid glands. Parathyroid glands may become autonomous after long-standing renal disease and, as a consequence, no longer respond to regulation by serum-ionized calcium 
in the course of developing tertiary hyperparathyroidism. An important entity that must be considered in the differential diagnosis of hypercalcemia is familial hypocalciuric hypercalcemia (FHH). [214] [237] This disorder has the ability to mimic 
the serum biochemical appearance of primary hyperparathyroidism but is not treated surgically. Familial hypocalciuric hypercalcemia is an autosomal-dominant disorder that is linked to chromosomes 3q, 19p, and 19q and is largely caused 
by inactivating mutations in the parathyroid cell calcium-sensing receptor.[43] Patients with FHH have low 24-hour urinary calcium excretion relative to their hypercalcemia. At present, the most useful study to distinguish FHH from primary 
hyperparathyroidism is the 24-hour urinary calcium/creatinine clearance ratio.[237] Patients with FHH typically have ratios of <0.01, whereas patients with primary hyperparathyroidism have ratios >0.01.

The second most common etiology of hypercalcemia is malignancy ( Table 120-2 ). The humoral hypercalcemia of malignancy (HHM), which is caused by excessive parathyroid hormone-related protein (PTHrp) secretion by tumors of 
various types represents the most common source of malignancy-associated hypercalcemia.[139] An extensive list of solid tumors has been reported to secrete excessive PTHrp, including cancers of the lung, esophagus, head and neck, kidney, 
ovary, bladder, breast, and pancreas. Others that have been variably noted to secrete PTHrp include thymic carcinoma, islet cell carcinoma, malignant carcinoid, and hepatic carcinomas. Patients with adult T-cell leukemia or lymphoma or B-
cell lymphoma have also been variably demonstrated to produce excess PTHrp.[176] [259] [263] 

Ectopic PTH secretion has been demonstrated in small cell lung cancer, small cell ovarian carcinoma, squamous cell lung carcinoma, ovarian adenocarcinoma, thymoma, papillary thyroid carcinoma, hepatocellular carcinoma, and 
undifferentiated neuroendocrine tumor.[175] [280] Ectopic 1,25-dihydroxy vitamin D has been found to be secreted by B-cell lymphomas, Hodgkin's disease, and lymphomatoid granulomatosis.[3] [38] [324] [340] [343] Excessive cytokine production, which 
may result in hypercalcemia, has been associated with T-cell lymphomas and leukemias, non-Hodgkin's lymphomas, and other hematologic malignancies.

 
TABLE 120-2 -- CAUSES OF HYPERCALCEMIA OF MALIGNANCY



PTHrp secretion by lung, esophagus, head and neck, renal cell, ovary, bladder, and pancreatic cancers, thymic carcinoma, islet cell carcinoma, carcinoid, sclerosing hepatic carcinoma

Ectopic PTH secretion by small cell lung cancer, small cell ovarian carcinoma, squamous cell lung carcinoma, ovarian adenocarcinoma, thymoma, papillary thyroid carcinoma, hepatocellular carcinoma, undifferentiated neuroendocrine 
tumor

Ectopic 1,25 dihydroxyvitamin D production by B-cell lymphoma, Hodgkin's disease, lymphomatoid granulomatosis

Lytic bone metastases caused by multiple myeloma, lymphomas, breast cancer, invasive sarcoma

Tumor production of other cytokines by T-cell lymphomas/leukemias, non-Hodgkin's lymphoma, and other hematologic malignancies
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Another source of hypercalcemia resulting from malignancy is that of calcium released by extensive lytic bone metastasis as a consequence of multiple myeloma, lymphomas, breast cancer, or invasive sarcomas.[260] 

A broad list of causes of non-PTH-mediated hypercalcemia is noted in Table 120-3 . Nine tumors, including ovarian dermoid cysts or uterine fibroids, may occasionally secrete PTHrp or other bone-resorbing cytokines.[203] Endocrine 
disorders, including thyrotoxicosis (resulting from increased bone resorption), pheochromocytoma (caused by coexisting primary hyperparathyroidism in multiple endocrine neoplasia syndrome), adrenal insufficiency or crisis (caused by 
volume depletion or hemoconcentration), and VIPomas (resulting from excess secretion of vasoactive intestinal peptide causing dehydration and metabolic acidosis), may also cause non-PTH-mediated hypercalcemia. [47] [261] [363] [394] [395] 
Granulomatous disease in the absence of malignancy or endocrine disorder may be a source of hypercalcemia, especially in younger and middle-aged patients and may present with elevated serum calcium levels. The source of this 
hypercalcemia is generally increased production of 1,25-dihydroxy vitamin D and has been demonstrated in patients with sarcoidosis, Wegner's granulomatosis, berylliosis, silicone- or paraffin-induced granulomatosis, eosinophilic 
granuloma, focal or disseminated tuberculosis, histoplasmosis, coccidioidomycosis, candidiasis, leprosy, and cat scratch disease. * 

Medications may serve as the etiology of hypercalcemia through a variety of mechanisms. Excessive vitamin D intake or, hypervitaminosis D, may stimulate intestinal calcium absorption, and thiazide diuretics may directly inhibit renal 
calcium excretion.[302] [308] Lithium compounds may interfere with the ability of calcium to interact with both parathyroid and renal calcium-sensing receptors, thereby increasing PTH secretion by the parathyroid glands.[144] A number of other 
agents, including estrogens, antiestrogens, or androgens, aminophylline or theophylline, ganciclovir, recombinant growth hormone in AIDS patients, and hypervitaminosis A, may affect other physiologic mechanisms resulting in 
hypercalcemia. † A spectrum of miscellaneous disorders that can also be associated with hypercalcemia are listed in Table 120-3 .

Primary Hyperparathyroidism—Diagnosis

The diagnosis of primary hyperparathyroidism is usually straightforward and is based on minimal criteria  

TABLE 120-3 -- CAUSES OF NON-PTH-MEDIATED, NONMALIGNANT HYPERCALCEMIA

Benign tumors: PTH resecreting ovarian dermoid cyst or uterine fibroid

Endocrine disease

••Thyrotoxicosis

••Pheochromocytoma

••Addison's disease

••Islet cell pancreatic tumors

••VIPoma

Granulomatous disorders

••Sarcoidosis

••Wegener's granulomatosis

••Berylliosis

••Silicone- and paraffin-induced granulomatosis

••Eosinophilic granuloma

••Tuberculosis (focal, disseminated, MAC in AIDS)

••Histoplasmosis

••Coccidioidomycosis

••Candidiasis

••Leprosy

••Cat-scratch disease

Drugs

••Vitamin D excess (oral or topical)



••Vitamin A excess

••Thiazide diuretics

••Lithium

••Estrogens and antiestrogens

••Androgens

••Aminophylline, theophylline

••Ganciclovir

••Recombinant growth hormone treatment of AIDS patients

••Foscarnet

••8-chloro-cyclic AMP

Miscellaneous

••Familial hypocalciuric hypercalcemia

••Immobilization with or without Paget's disease of bone

••End-stage liver failure

••Total parenteral nutrition

••Milk-alkali syndrome

••Hypophosphatasia

••Systemic lupus erythematosus

••Juvenile rheumatoid arthritis

••Recent hepatitis B vaccination

••Gaucher's disease with acute pneumonia

••Aluminum intoxication (chronic hemodialysis)

••Manganese intoxication

••Primary oxalosis
 
involving the serum total calcium and measurement of intact PTH levels. In general, patients will usually have increased serum total calcium levels, with overtly increased or inappropriately high normal parathyroid hormone levels. Some 
patients with surgically proven

*References [2] [8] [30] [104] [133] [168] [192] [201] [206] [297] [320] [365] [398] . 
† References [32] [127] [215] [244] [330] [338] [389] . 
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primary hyperparathyroidism will have a high normal serum total calcium level and inappropriately high normal or increased parathyroid hormone levels. It is important to recognize that patients with primary hyperparathyroidism almost 
always have documented increased serum total or ionized calcium sometime during their course, recognizing that serum calcium exhibits some variation over time. Patients in whom serum calcium documentations are noted to be in the mid 
to lower normal range over time may prove difficult with reference to establishing a diagnosis of primary hyperparathyroidism, even if they are found to have increased intact PTH levels. This is due to the possibility that these patients have 
physiologic secondary hyperparathyroidism as has been discussed earlier in this section. Patients with mid to lower normal serum calcium levels associated with increased intact parathyroid hormone levels should be further evaluated to 
make sure that they do not have low calcium or vitamin D intake, calcium or vitamin D malabsorption, inability to convert 25-hydroxy vitamin D to biologically active 1,25-dihydroxy vitamin D, or significant hypercalciuria. These entities 
could explain why parathyroid hormone levels are increased in the setting of mid to low normal serum calcium determinations.

Patients with primary hyperparathyroidism usually have serum phosphate levels in the low-normal to mildly decreased range. Patients with simultaneously high normal or increased serum calcium and high normal or increased serum 
phosphate should be investigated further for intestinal hyperabsorptive states or hypervitaminosis D.

Intact PTH, determined by the current immunoradiometric (IMRA) or immunochemiluminometric (ICMA) assays, is mildly increased or inappropriately high normal for the level of simultaneously measured serum calcium in patients with 
primarily hyperparathyroidism. The use of current assays prevents any cross-reactivity between PTH and PTH-related protein, making the distinction between primary hyperparathyroidism and PTH-related protein-mediated hypercalcemia of 
malignancy certain. Patients with primary hyperparathyroidism almost always have suppressed PTH-related protein levels when checked, and patients with PTH-related protein-mediated hypercalcemia of malignancy almost always have 
suppressed intact PTH levels. Patients who are receiving thiazide diuretics or lithium compounds may demonstrate mild hypercalcemia and increased intact PTH levels without coexisting primary hyperparathyroidism, and so it is important 
to remove these medications for at least 1 month before assessing levels of serum total calcium and intake parathyroid hormone to make the correct diagnosis. Those hypercalcemic patients who are being treated with thiazides or lithium 
therapy and who have coexisting primary hyperparathyroidism will have persistent hypercalcemia and increased intact parathyroid hormone levels after discontinuation of the medication.

Accurate diagnosis of primary hyperparathyroidism is essential before surgical exploration and attempted parathyroidectomy. Careful attention to the biochemical parameters as described, with special notice of the serum total calcium, 
phosphate, and intact parathyroid hormone levels, is essential in making the correct diagnosis. A 24-hour total urinary calcium level is also important in eliminating the possibility of FHH from the differential diagnosis.



LOCALIZATION STUDIES AND THEIR APPLICATION

Although a comprehensive bilateral exploration of all appropriate cardinal parathyroid locations in the surgical management of hyperparathyroidism remains the "gold standard" and must be fundamental to the armamentarium of all 
parathyroid surgeons, the development of more effective imaging methods or parathyroid localization have permitted surgeons to use more limited procedures in neck exploration, while achieving the same, or improved, surgical outcomes as 
those achieved by four-gland exploration.[300] [387] Aside from the application of these imaging techniques for parathyroid localization in more limited, focused explorations of the neck for primary hyperparathyroidism, the use of localization 
studies before re-exploration for persistent or recurrent hyperparathyroidism has been universally accepted.[99] [278] [410] Localization methods may be operationally classified as preoperative (invasive or noninvasive) and intraoperative ( Table 
120-4 ).

Noninvasive Preoperative Localization

Pertechnetate (Tc 99m) Thallous Chloride (TI 201) Imaging

Thallium uptake by parathyroid adenomas was initially reported by Fukunaga and others. * Subsequently, Ferlin and Young performed the clinical application using technetium-99m together with thallium 201.[113] [424] Subtraction of the resulting 
two images helped to locate the abnormal parathyroid gland or glands. This technique required prolonged patient immobilization for obtaining images, because the patient remained in the same position for both radionuclide administrations. 
Results of this localization technology have been variable, with sensitivity rates as low as 27% and as high as 82% reported.[152] [311] Improved sensitivity

*References [32] [99] [121] [127] [144] [215] [244] [278] [308] [330] [338] [387] [389] [410] . 
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TABLE 120-4 -- LOCALIZATION STUDIES IN HYPERPARATHYROIDISM

Noninvasive preoperative methods

••Ultrasonography

••Radioiodine or technetium thyroid scan

••Thallium-technetium scintigraphy

••Technetium-99m sestamibi scintigraphy

••Computed tomography scan

••Magnetic resonance imaging

Invasive preoperative methods

••Fine-needle aspiration

••Selective arteriography or digital subtraction angiography

••Selective venous sampling for parathyroid hormone assay

••Arterial injection of selenium-ethionine

Intraoperative methods

••Intraoperative ultrasonography

••Toluidine blue or methylene blue

••Urinary adenosine monophosphate

••Quick parathyroid hormone intraoperative
 
has been reported by the application of single-photon emission computed tomography (SPECT) techniques with 3D images.[269] The previously noted advantages of this imaging technique are widespread availability, minimum irradiation, and 
low risk. However, false-positive results attributable to patient motion during the examination or as a result of concurrent thyroid abnormalities have resulted in poor acceptance of this technique as a reliable preoperative localization method 
for limited parathyroid exploration.

Sestamibi-Technetium 99m Scintography

In 1988, Coakly and others[72] reported the use of technetium Tc 99m sestamibi for cardiac function studies. Chiu [64] demonstrated the incorporation of technetium 99 (Tc 99m) into the cytoplasm and mitochondria of mouse fibroblasts in 
response to certain stimuli. Parathyroid cells have large numbers of mitochondria that enable sestamibi to enter parathyroid tissue more intensely than into the neighboring thyroid parenchyma.[334] O'Doherty[290] compared radionuclide uptake in 
parathyroid tissue and noted a greater uptake per gram for sestamibi than for thallium-201.

In 1992, Taillefer[372] proposed a dual-phase scan with technetium-99m sestamibi and cervicothoracic planar parathyroid scintigraphy. In this method, the patient is intravenously injected with 20 to 25 millicuries of technetium-99m sestamibi. 
Subsequent images are obtained at 10 to 15 minutes and then at 2 to 3 hours after the injection. Late phase is usually preferable for detecting parathyroid adenomas, because the thyroid and thyroid nodules clear of uptake faster than do 
parathyroid neoplasms. Geoffrey has demonstrated that 70% of delayed images are best seen at 2 hours and only 15% at 4 hours.[187] In certain circumstances, oblique or lateral images can be obtained to attempt to add a third dimension to the 
study. The advantages of the technique include the ability to use this imaging method without patient immobilization between images.



The sensitivity reported for solitary adenomas is as high as 100%, with a specificity of approximately 90%.[2] [53] [383] Few false-positive results have been reported with this imaging technique and are predominantly caused by solid thyroid 
nodules, predominantly adenomas.[301] Hurthle cell carcinoma and malignant thyroid lymph node metastases have also been noted to result in false-positive sestamibi imaging results; however, cystic lesions of the thyroid gland have not. [17] [300] 

False-negative results may be attributable to smaller parathyroid adenoma size or suboptimal dosing of technetium-99m sestamibi.[300] Intrathyroid, mediastinal, and deep cervical parathyroid glands have been located with technetium-99m 
sestamibi, and thus location seems to be independent of its efficiency (representing an advantage over technetium/thallium subtraction scanning). The presence of multiple-gland disease in the form of double parathyroid adenomas has been 
demonstrated by this technique ( Figure 120-4 ). [300] However, sestamibi, like thallium-201, also is inaccurate in patients with diffuse four-gland parathyroid hyperplasia.

Technetium-99m sestamibi has been combined with 123 I and recorded simultaneously in nonoverlapping windows and subtraction. In a series by Hindie, 25 of 27 solitary adenomas were identified with a sensitivity of 94%. [167] In the same 
population, examination with technetium-99m sestamibi as the sole radionuclide identified 22 of these 27 patients correctly for a sensitivity of 79%. Neumann has used technetium-99m sestamibi/123 I subtraction and SPECT in patients with 
secondary hyperparathyroidism for a sensitivity of 77%.[268] In this series of 13 patients with recurrent secondary hyperparathyroidism, all hyperplastic parathyroids were predicted and then subsequently correctly identified at surgery.

Technetium-99m Sestamibi with SPECT

The application of SPECT uses a camera collimator that rotates 360 degrees around the patient in the axial plane and in essence portrays a 3D image as the sequence progresses from mandible through the thorax. Some investigators have 
demonstrated a superior sensitivity/localization in the early phase compared with cervicothoracic planar images, whereas the
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Figure 120-4 Two-hour delayed technetium-99m sestamibi nuclear scan in a patient with hyperparathyroidism secondary to double parathyroid adenomata. Nuclear uptake is clearly demonstrated bilaterally on the image, indicating the 
location of both adenomas confirmed at surgery. 

 

Figure 120-5 Technetium-99m sestamibi nuclear scan in a patient with hyperparathyroidism and nodular thyroid disease. Nuclear uptake in right lower cervical region on delayed image represents uptake by a thyroid adenoma. 

 

Figure 120-6 A small but hyperfunctioning parathyroid adenoma is demonstrated on sagittal ultrasonography (A) to be completely within the thyroid gland. Color Doppler ultrasonography (B) shows a discrete blood supply (black arrows) 
that differs from the more diffuse perinodular vascular support for a thyroid adenoma from its surrounding parent gland. 



 

Figure 120-7 Magnetic resonance imaging demonstrating a mass in the left submandibular triangle consistent with an undescended superior parathyroid adenoma. 

 

Figure 120-8 Exposure achieved through anteromedial rotation of the thyroid gland with demonstration of superior and inferior parathyroid gland positions. 
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decrease in PTH levels occurs 5 minutes after removal of all hyperfunctioning parathyroid tissue.[193] The short half-life of PTH (roughly 2–5 minutes) allows peripheral blood samples to be obtained intraoperatively for rapid PTH testing 
anywhere from 7 to 10 minutes after excision of all suspected hyperfunctioning parathyroid tissue.[282] Accordingly, a peripheral blood sample for rapid PTH assays is drawn at the time of abnormal gland identification (baseline) and 
subsequently 10 minutes after removal of all suspected hyperfunctioning parathyroid tissue. Degradation in the serum PTH level exceeding 50%, noted in the postexcision PTH level compared with the preexcision level, provides biochemical 
confirmation of removal of all hyperfunctioning parathyroid tissue, allowing the procedure to be concluded without identification or biopsy of any other parathyroid glands. If the postexcision PTH level is degrades less than 50% of the 
baseline preexcision level, suggesting the presence of residual hyperfunctioning parathyroid tissue, a standard bilateral cervical exploration is performed.

Intraoperative PTH determination may be carried out by a number of methods, one of which uses a radioimmunoassay developed through a simple, previously described modification of an intact PTH overnight assay method.[116] The iPTH 
assay is a two-antibody sandwich system. One antibody (the capture antibody) is fixed to a plastic bead; the second is conjugated with a measurable marker. The amount of iPTH present in a plasma sample can be determined by measuring 
the amount of the marker material remaining after all unbound solutions have been removed. Results of this rapid PTH assay are generally available within 8 to 10 minutes after submission to the radioimmunoassay laboratory. To overcome 
problems associated with sensitivity of the rapid immunoradiometric assay, researchers began conjugating the labeling antibody with chemiluminescent tracers to avoid the handling issues of their radioactive predecessors.[182] [184] [193] Since the 



introduction of the immunochemiluminometric assay (ICMA) in 1993, researchers have experimented with several different variations on this theme, and some manufacturers now offer so-called quick kits. Experience with this assay is 
consistent among the investigators in that a decrease of 50% or greater between the postexcision and baseline preexcision PTH values is indicative of removal of all hyperfunctioning parathyroid tissue. * The major drawback of these kits is 
their high cost. However, because the assay negates the need for frozen section analysis in most cases, the overall cost is only slightly more expensive than the traditional unilateral approach.[182] These modifications can provide a cost-effective 
alternative to preformed kits, especially when weighed against the potential costs of a missed ectopic adenoma. [300] 

The kinetics of postadenoma resection are important to understand if logical management strategies are based on this objective data. Libutti and others [218] demonstrate the half-life of PTH varies within a short brief window, 0.42 to 3.81 
minutes. Randolph and others[315] have demonstrated that the lowest values occur within 1 to 3 days. In up to 38% of patients with successful resection of a single parathyroid adenoma and return to normocalcemia, intact PTH levels may 
remain elevated at 1 month. Suggested mechanisms are cortical bone remineralization, increase in calcium receptor set point, and a relative secondary hyperparathyroidism.

In situations in which localization studies are inconclusive or equivocal (lacking mutual agreement by both surgeon and radiologist) or clinical circumstances suggest multiple gland disease (MEN, familial hyperparathyroidism), a traditional 
bilateral cervical exploration is advocated. Specifically, both sides of the neck are explored in an attempt to identify at least four parathyroid glands, independent of whether the first side explored yields an enlarged gland or not. Routine 
biopsy of all normal-appearing glands is not recommended. Instead, incisional biopsy of glands is performed selectively. Intraoperative PTH determination remains an important adjunct in the bilateral approach in that this modality serves to 
biochemically confirm removal of all hyperfunctioning parathyroid tissue and thus reduces the chance of missing ectopic multiglandular disease, whether as a result of "double adenoma" or ectopic supernumerary glands.

Minimally invasive techniques.

Surgical techniques that derive from the basic cervical exploration described previously have been termed "minimally invasive" techniques primarily as a result of modifications resulting from advancements in technology. Scan directed 
surgery under local or regional anesthesia has been advocated by a number of investigators reporting excellent surgical results.[218] [315] These techniques capitalize on the ability to administer effective regional anesthesia to the awake, sedated 
patient to perform directed unilateral focused exploration with removal of a localized solitary parathyroid adenoma. The technique uses preoperative utilization with technetium-99m sestamibi by use of both planar and SPECT imaging and 
intraoperative PTH assay for biochemical confirmation of removal of all hyperfunctioning parathyroid tissue. Advantages of this technique have been reported as improved patient comfort postoperatively, the performance of ambulatory 
procedures, and reduced cost.[218] Disadvantages

*References [51] [116] [180] [181] [193] [256] [282] [360] [388] . 
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of the technique include the potential for conversion to a comprehensive bilateral dissection in the event that the adenoma is not found in the area indicated by the scan (thus necessitating general anesthesia) and the potential for patient 
anxiety and/or discomfort requiring conversion to general anesthesia.

The ability to accurately localize solitary parathyroid adenomata with technetium 99m sestamibi has allowed a number of investigators to pursue intraoperative nuclear mapping to isolate and recover the enlarged parathyroid gland 
representing the adenoma. This has been termed radio-guided parathyroidectomy and uses preoperative administration of technetium 99m sestamibi immediately before the operation combined with intraoperative use of the hand-held gamma 
detection device (gamma probe).[28] [178] [275] In this technique, the patient is administered approximately 18 to 20 millicuries of technetium-99m sestamibi approximately 2 hours before surgery. The timing of the preoperative injection may be 
modified by the visualized washout sequence demonstrated by the solitary parathyroid gland on review of delayed images. After appropriate positioning of the patient on the operating table, intravenous sedation is administered. The gamma 
probe is applied to the anterior surface of the neck to measure the radioactivity of the thyroid isthmus, which is used to determine the background radioactive count. The threshold of the gamma probe is then set to filter out background 
radioactivity. Radioactive counts are then measured in each quadrant of the neck, and a marking pen is used to mark the area of maximal radioactivity, the location of which should correspond to the location of the adenoma on the sestamibi 
scan. The size of the incision, accordingly, may be considerably smaller than that used for conventional four-gland bilateral parathyroid exploration. The area to be incised is anesthetized with a local anesthetic, and a small 2- to 3-cm 
incision is made directly over the area of maximal radioactivity. A gamma probe is then used to guide the surgical dissection by repeatedly placing it into the operative field allowing a precise surgical dissection. Once the adenoma is found, 
it is carefully dissected close to its capsule, its pedicle is identified, clipped, and divided, ensuring first that the recurrent laryngeal nerve is not within the dissected field. Radioactivity of the removed parathyroid adenoma (ex vivo) and the 
operative basin is measured, the sum of which should roughly equal the radioactivity in the corresponding quadrant of the neck before making the incision. In most cases, frozen section analysis is not necessary, but a permanent 
histopathologic assessment on the specimen is performed. As experience with this procedure has increased, the technique has been applied more selectively to exclude the following clinical situations: deep retroesophageal lesions, ectopic 
glands, superior adenomas in men, and persistent or recurrent hyperparathyroidism.[178] 

Endoscopic parathyroid exploration.

Parathyroid exploration performed in humans was first described by Gagner in 1996.[306] With the advent of improved technology and video-assisted endoscopic technology, several pioneering investigators have evaluated this technique in the 
management of hyperparathyroidism.[124] [163] [177] [247] This procedure is generally carried out under general anesthesia on patients who have demonstrated focal areas of nuclear uptake on delayed imaging with technetium 99m sestamibi scanning 
for parathyroid localization. The instrumentation allows for minimal access surgery through several very small incisions placed either in the cervical region, the upper chest wall, or the axilla.[163] [177] [247] In a larger series, of video-assisted 
parathyroidectomy with limited use of insufflation has been recorded by Miccoli in 137 patients.[247] Potential advantages of the endoscopic approach to parathyroid removal include excellent cosmesis, negligible discomfort, and minimal 
problems with cervical motion. Investigators advocating this technique have indicated that the selection process in determining which patients are candidates for the procedure is a crucial aspect with regard to surgical success. In general, the 
criteria for consideration of the procedure include initial explorations, single-gland disease, and the absence of significant thyroid enlargement or multinodularity. All patients must have a preoperative localization study performed with 
unequivocal focus of nuclear uptake on delayed imaging. In addition, all patients should have PTH levels assessed intraoperatively with the intraoperative PTH assay to biochemically confirm removal of the suspected hyperfunctional 
parathyroid gland. Although endoscopic cervical exploration for parathyroid disease represents the least invasive and most focused of the minimally invasive surgical techniques, the time required to perform this procedure may be extensive 
and thus in some ways counterproductive to limiting anesthesia time and cost.[123] At this point, although this procedure shows promise, the role of endoscopic parathyroid exploration remains undefined.

Multiple-Gland Disease

True double adenoma.

The incidence of double parathyroid adenomas seems to increase with age. Synchronous double adenomas have been variably reported at rates ranging from 1% to 2% to as high as 10% in patients older than 60 years of age.[151] [379] 
Approximately 50% of true double adenomas will image accurately to each of the two locations (see Figure 120-4 ). Bilateral exploration is required despite
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high suspicion on localization because of the possibility of asymmetric hyperplasia. Intraoperative PTH assay provides biochemical confirmation that all hyperfunctional parathyroid tissue has been removed, in that a sequential drop in PTH 
levels will be noted after successive excision of the first and then second enlarged gland ( Figure 120-9 ). At least one other normal gland should be identified, but surgical biopsy and histologic analysis of additional glands are not necessary, 
provided the final postexcision PTH level ultimately decreases beyond 50% of the preexcision level intraoperatively to within a normal range.

Sporadic hyperplasia.

Multiglandular disease secondary to diffuse hyperplasia of the parathyroid glands may occur in as many as 10% to 15% of patients with sporadic primary hyperparathyroidism. The approach to these patients includes performance of a 
nuclear imaging study using technetium 99m sestamibi preoperatively unless the patient is known to have one of the MEN disorders.

A scan that does not indicate an unequivocal area of nuclear uptake on delayed images raises the surgeon's suspicion of diffuse hyperplasia. Forty percent of equivocal scans were associated with the ultimate finding of multiglandular 
hyperplasia at exploration in a series performed by one of the authors (PKP) ( Figure 120-10 ). The presence of an equivocal scan demonstrating the absence of a distinct focus of delayed uptake of nuclear material mandates the performance 
of a bilateral exploration with histologic identification of at least one abnormal and one normal gland and the assurance that no additional grossly enlarged glands exist on either side. After removal of all enlarged 

 
Figure 120-9 Sequential serum parathyroid hormone levels assessed by intraoperative rapid PTH immunoassay (IOPTH) after removal of the first and then second parathyroid adenoma in a patient with hyperparathyroidism and double 
adenomata. 

 

Figure 120-10 Delayed technetium-99m sestamibi nuclear scan performed on a patient with hyperparathyroidism secondary to diffuse four-gland hyperplasia. Note the absence of any focus of nuclear uptake on the image. 

 

Figure 120-11 Sequential serum parathyroid hormone levels as assessed by intraoperative rapid PTH immunoassay comparing hormone level obtained before and then 10 minutes after a 3 ½-gland subtotal parathyroidectomy in a patient 
with diffuse 4-gland hyperplasia. 
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of patients with MEN 1 have known germ line menin gene mutations, and most MEN 1 families have their own unique mutation.[337] The predisposition to MEN 1 is a heterozygotic mutation.[207] 

The finding of multiple abnormal parathyroid glands and, commonly, supernumerary glands in patients with MEN 1 represents a formidable management dilemma in these patients. The inability to recognize a supernumerary gland at the 
time of initial exploration for this disorder is a well-documented cause of persistent disease.[79] [107] [208] [312] 

The surgical approach should consist of a routine bilateral neck exploration with identification of all four parathyroid glands. The extensiveness of surgical resection of the parathyroid glands, once identified, is controversial, with advocates 
of both subtotal and total parathyroidectomy. A number of authors have reported their experience with subtotal parathyroidectomy in patients with MEN 1 and hyperparathyroidism with differing degrees of surgical success.[208] [293] [312] [392] Edis[107] 
reported that 82% of patients with chief cell hyperplasia had normal parathyroid function at least 1 year after subtotal parathyroidectomy. Of these, however, only 6 of 55 actually had hyperparathyroidism secondary to the MEN 1 syndrome. 
In 12 patients undergoing subtotal parathyroidectomy for the hyperparathyroidism of MEN 1 as reported by Prinz,[312] only 5 ultimately achieved normocalcemia. It has been postulated that the difference in success rates between the 
hyperparathyroidism attributable to sporadic four-gland hyperplasia and that associated with the MEN 1 syndrome may be due to persistent exposure of a trophic factor. A potential parathyroid mitogenic humoral factor was identified by 
Brande [34] in 1986 from the serum of patients with familial MEN 1 syndrome. The mitogenic activity of this humoral factor persisted in the patient's plasma for up to 4 years after total parathyroidectomy.[34] As a consequence, any parathyroid 
remnant remaining after subtotal parathyroidectomy will be exposed to this humoral factor, thus potentially increasing the chance of recurrence. This theory was supported by a finding by Prinz, who reported a patient with persistent 
hypoparathyroidism who required calcium supplementation for 10 years after subtotal parathyroidectomy before recurrent disease developed. The re-exploration of this patient demonstrated that remnant parathyroid hyperplasia was the 
etiology of recurrence.[34] 

Total parathyroidectomy with autotransplantation of fragmented parathyroid tissue has been advocated by other investigators as the procedure of choice for the initial operation for patients with primary parathyroid hyperplasia because of the 
MEN 1 syndrome.[412] [413] In this procedure, four glands are identified and removed with sectioning of the most morphologically normal-appearing gland into cubic centimeter fragments. These are then implanted into the brachioradialis muscle 
of the nondominant forearm. Sections from this gland may be also be cryopreserved and successfully autotransplanted if the primary autograft does not function. Wells has pioneered this approach, and has reported that 30% of the patients 
developed recurrent, graft-dependent hyperparathyroidism. [413] It should be noted that autotransplantation of cryopreserved parathyroid autografts have been successful in only 50% of patients, resulting in permanent hypoparathyroidism.[241] 
The concept that a humoral factor may be initiating growth in the remnant parathyroid tissue is further supported by the finding of Malette, who reported a higher incidence of graft-dependent recurrence in patients with MEN 1 treated with 
total parathyroidectomy with autotransplantation than in patients with sporadic hyperplasia undergoing the same operation.[232] MEN 1-associated hyperparathyroidism is associated with the finding of supernumerary parathyroid glands. This 
factor contributes to the potential for missed glands at the time of initial operation, thus increasing the risk of recurrence. The implementation of intraoperative PTH determination (IOPTH) has been helpful in reconciling this problem in 
patients with hyperparathyroidism associated with the MEN 1 syndrome.[300] 

Primary surgical explorations in patients with MEN 1 and hyperparathyroidism may result in cure rates >90%. The requisite for identifying all four parathyroid glands in these patients is emphasized in a report by O'Riordan.[293] In this series, 
immediate cure was noted in 94% of patients; however, hypercalcemia was noted to be persistent in 19% of patients in whom fewer than four glands were visualized at initial operation compared with 3% of patients in whom four glands or 
more were noted at initial surgery. In general, both persistent and recurrent disease rates are higher in patients who have less than total parathyroidectomy performed and in whom fewer than four glands are found at the time of initial 
operation.[94] [293] 

MEN type 2A (MEN 2A).

Multiple endocrine neoplasia type 2A (MEN 2A) is a syndrome characterized by medullary thyroid carcinoma, pheochromocytoma, hyperparathyroidism, lichen planus amyloidosis, and Hirschsprung's disease. This disorder first came to 
clinical light in 1932, when Eisenberg and Wallerstein first reported a pheochromocytoma and concurrent thyroid carcinoma in a patient at autopsy.[108] Sipple in 1961 estimated that the incidence of thyroid cancer in patients with 
pheochromocytoma was 14 times
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higher than that of the normal population, and Cushman subsequently reported a family with hereditary thyroid carcinoma and pheochromocytoma in which one affected member had a parathyroid tumor.[83] [356] Thus came the description and 
characterization of the syndrome, formerly known as Sipple's syndrome, now known as multiple endocrine neoplasia type 2A.[364] 

The penetrance of the independent entities for patients with MEN 2A syndrome is variable with the exception of medullary thyroid carcinoma that is seen in essentially all affected individuals. Pheochromocytoma and hyperparathyroidism, 
however, both demonstrate variable penetrance, with pheochromocytoma occurring in 70% of individuals affected and hyperparathyroidism reported least commonly in approximately 20% to 35% of affected patients.[48] [65] [171] [316] [317] 

Hyperparathyroidism is usually diagnosed as a result of screening patients or family members with MEN 2A or incidentally during thyroidectomy for C cell hyperplasia or medullary thyroid carcinoma.[23] A review of 67 patients with 



hyperparathyroidism associated with the MEN 2A syndrome by Raue noted that 75% were diagnosed at the time of thyroidectomy for either C cell hyperplasia or medullary thyroid carcinoma. These patients demonstrated normal serum 
calcium and PTH levels preoperatively, and thus the diagnosis was made on the basis of intraoperative morphology or histology.[316] Uncommonly, a diagnosis of hyperparathyroidism is made as a result of the development of clinical 
symptoms that are similar to those encountered in sporadic primary hyperparathyroidism. [317] 

MEN 2A-associated hyperparathyroidism usually develops after the third decade of life in the form of mild hypercalcemia with rarely demonstrated hypercalcemic crises.[171] [316] It is generally acknowledged that the hyperparathyroidism 
associated with the MEN 2A syndrome is less aggressive than its counterpart noted for MEN 1 or non-MEN syndromes. [293] [317] Patients with MEN 2A generally have lower serum calcium levels, fewer symptoms or complications of 
hypercalcemia, less frequent multiple gland involvement, and a lower incidence of persistent or recurrent disease after surgical treatment than patients with the MEN 1 or non-MEN variety of hyperparathyroidism. A circulating humoral 
factor that stimulates parathyroid cell proliferation has not been postulated to exist in association with the hyperparathyroidism associated with MEN 2A syndromes.

Similar to MEN 1, MEN 2A is a genetic disease that is transmitted in an autosomal-dominant fashion and with a high degree of penetrance but with variable expression. In the late 1980s, the inherited defect of the MEN 2 syndrome was 
mapped to the pericentromeric region of chromosome 10.[239] [355] Subsequent work identified the ret protooncogene as a segment on chromosome 10 that encodes for a specific cell surface receptor complex, the exact function of which is poorly 
characterized. Mutations in the segment of the ret protooncogene coding for the extracellular domain of the tyrosine kinase receptor protein are responsible for producing the MEN 2A phenotype.[258] Although the mutation has been well 
characterized for its association with medullary thyroid carcinoma, the exact relationship to parathyroid disease is unknown.

In the event that parathyroid exploration for hyperparathyroidism associated with MEN 2A syndrome is required, the presence of a pheochromocytoma must be excluded in patients before surgery. Surgery on a patient with an unrecognized 
pheochromocytoma may result in a hypertensive crisis intraoperatively with potential catastrophic sequelae. Accordingly, these patients should be screened for the presence of a catecholamine-producing neoplasm of the adrenal, and thus a 
plasma collection for catecholamines, metanephrine, and nonmetanephrine levels should be performed before parathyroid exploration. Once this is assured, the surgical approach in these patients is generally more conservative than in 
patients with MEN 1-associated hyperparathyroidism. A bilateral neck exploration is performed with identification of all four parathyroid glands. Although the hyperparathyroidism associated with patients affected with MEN 2A 
demonstrates a higher incidence of multiglandular disease than patients with sporadic primary hyperparathyroidism, it is not as high as found in patients with MEN 1 syndrome. Subtotal parathyroidectomy with removal of only the obviously 
morphologically enlarged parathyroid glands is the approach of choice in patients with MEN 2-associated hyperparathyroidism. Transcervical thymectomy is generally not necessary, because supernumerary gland involvement is uncommon 
in these patients. In the event that all four glands are involved, transcervical thymectomy may be performed concurrent with subtotal parathyroidectomy. In surgery for medullary thyroid carcinoma, normal parathyroid glands in the superior 
position are generally preserved with resection of the inferior parathyroid and subsequent autotransplantation, so that lymph nodes in the central neck compartment and the anterior mediastinum are not missed.

Surgical exploration for patients with MEN 2A-associated hyperparathyroidism is generally quite effective. Cance and Wells[48] reported a 100% surgical success rate and 3% recurrence rate in treating patients with primary 
hyperparathyroidism associated with MEN 2A. Unlike MEN 1, where the extensiveness of parathyroid gland resection is important in defining
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operative success, the degree of parathyroid gland resection does not seem to significantly influence the success rate in patients operated for hyperparathyroidism associated with MEN 2A syndrome. O'Riordan has reported a 100% cure rate 
with no recurrences whether total parathyroidectomy, subtotal parathyroidectomy, or excision of enlarged glands independently was performed.[293] 

Non-MEN familial hyperparathyroidism (NMFH).

Non-MEN familial hyperparathyroidism (NMFH), also known as familial isolated hyperparathyroidism, refers to hyperparathyroidism occurring in the absence of other endocrinopathies in patients with at least one first-degree relative with 
surgically proven hyperparathyroidism and no personal or family history of MEN.

Familial hyperparathyroidism occurs in young patients with a mean age at diagnosis of approximately 36 years. Some of these patients experience this disorder as children, although it is rare before 10 years of age.[172] In contradistinction, 
patients with sporadic primary hyperparathyroidism typically are seen during their fifth or sixth decades of life.[390] Familial hyperparathyroidism seems to be more aggressive than sporadic or MEN 2A-related hyperparathyroidism; frequently 
patients with this disorder will manifest profound hypercalcemia and more frequently be seen with hypercalcemic crisis.[172] [173] Renal lithiasis occurs in one third to half of patients reported with familial hyperparathyroidism and will commonly 
also manifest other nonspecific signs and symptoms such as fatigue, weakness, hypertension, and peptic ulcer disease.[172] It has been postulated that familial hyperparathyroidism may be associated with an increased risk for the development 
of parathyroid cancer.[172] [242] [408] A high incidence of persistent or recurrent disease after treatment seems to be a characteristic feature of the clinical profile of non-MEN-related familial hyperparathyroidism. Of the 97 patients reported in the 
literature, persistent or recurrent disease has been noted to occur at a rate of 33%. This degree of recalcitrant disease contrasts markedly with the very low rate of recurrent disease after treatment in patients with sporadic hyperparathyroidism 
undergoing parathyroidectomy. This characteristic bears strong consideration in planning the appropriate operative strategy in patients with non-MEN-related familial hyperparathyroidism.

Before initiating treatment for this disorder, it is important to exclude all other familial sources for hyperparathyroidism, as well as the entity known as benign FHH. Once these other entities have been excluded, patients with non-MEN-
related familial hyperparathyroidism should be considered for parathyroid exploration because of the aggressive biologic behavior of this disorder. There is a high incidence of both multiglandular and supernumerary gland disease accounting 
for the high rate of recalcitrance after initial surgery. Similar to the other familial hyperparathyroidism disorders, a bilateral neck exploration with identification of all four parathyroid glands is performed. Either subtotal or total 
parathyroidectomy together with bilateral cervical thymectomy is generally performed with autotransplantation of parathyroid tissue as necessary, depending on the extent of parathyroid gland resection. If only one or two parathyroid glands 
are morphologically abnormal and enlarged, the goal of therapy is to resect all abnormal parathyroid tissue from one side of the neck and leave existing remnant parathyroid tissue in only one side. [172] Intraoperative PTH determination is 
helpful in determining the degree of hyperfunctional parathyroid tissue remaining after subtotal parathyroidectomy in these patients and may serve as an indicator of remnant parathyroid function once abnormally enlarged glands have been 
removed. Both the visualization and subsequent removal of abnormally enlarged glands and the intraoperative PTH findings serve to guide the extensiveness of surgery in patients who manifest this disorder and have less than four glands 
appearing abnormal. It is important that these patients be followed long term to recognize if and when recalcitrant disease occurs.

Familial neonatal hyperparathyroidism.

Neonatal hyperparathyroidism is a rare condition characterized by severe hypercalcemia occurring in association with severe hypotonia, poor feeding, constipation, failure to thrive and respiratory distress. The clinical manifestations of this 
disorder become evident during the first week of life; however, it may not become manifest until the age of 3 months or older.[172] Most patients with familial neonatal hyperparathyroidism have occurred in families with a known history of 
benign FHH. The disease locus for FHH has been identified on the long arm of chromosome 3, and patients with FHH are heterozygous for the mutation, with one affected allel.[155] [157] The occurrence of two defective alleles is believed to 
cause severe neonatal hyperparathyroidism. [305] Most patients with this disorder will require urgent parathyroid exploration and resection of all four glands. Total parathyroidectomy is advocated together with parathyroid autotransplantation, 
bilateral transcervical thymectomy, and cryopreservation of parathyroid tissue because of the high recalcitrance rate for this disorder.



Renal failure-induced hyperparathyroidism.

The indications for parathyroid exploration in patients
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with renal failure-induced hyperparathyroidism may be characterized as those manifested before and after renal transplantation. Surgery is generally indicated when medical therapy fails to control progressive secondary hyperparathyroidism.
[96] [169] [228] The clinical manifestations occurring in this disorder include persistent or worsening skeletal symptoms, intractable pruritus, and soft tissue calcifications.[93] The presence of biopsy-proven high turnover bone disease and/or 
calciphylaxis in a patient with chronic renal failure with secondary hyperparathyroidism are additional indications for a parathyroidectomy.[95] [103] [224] Parathyroidectomy may be indicated in some patients after successful renal transplantation 
because of the development of clinical manifestations similar to those of primary hyperparathyroidism, including hypercalcemia with nephrolithiasis, pancreatitis, central nervous system manifestation, and overt bone demineralization.[84] The 
presence of mild hypercalcemia in and of itself does not seem to be a serious threat to the patient after renal transplantation, but impaired kidney function in the presence of high parathyroid hormone levels and hypercalcemia represents an 
indication for parathyroidectomy, as is the association of kidney stones and long-standing hypercalcemia.[61] [61] [68] [303] 

In general, preoperative localization studies are not recommended before initial exploration or renal failure-induced hyperparathyroidism. This is principally because of the need to perform bilateral exploration with visualization of all four 
parathyroid glands and the finding that nuclear imaging with technetium-99 sestamibi is not as effective for localization as it is for single-gland disease. In contrast to the directed exploration protocols for minimally invasive operations 
performed for solitary adenoma, the operation of choice for patients with renal-induced hyperparathyroidism at initial surgery is traditional four-gland bilateral exploration. The surgical principle of "not removing anything before seeing 
everything" is aptly applied in this situation.

The two most widely used initial surgical procedures for the management of renal failure-induced hyperparathyroidism are subtotal parathyroidectomy and total parathyroidectomy with parathyroid autotransplantation with or without 
cryopreservation of parathyroid tissue. If subtotal parathyroidectomy is the procedure of choice, the smallest most normal-appearing parathyroid gland is selected to represent the remnant gland left in situ. The pole opposite the vascular 
pedicle is excised, leaving approximately one third to one half of the entire gland as a vascularized remnant. It is important that all parathyroid glands be in situ when this is accomplished, so that should the remnant prove to be nonviable 
after its sectioning, the next most normal-appearing gland be selected for the remnant and the initial remnant completely removed. It is generally easier to leave a superior remnant with a viable pedicle than an inferior because of the 
proximity of the vascular pedicle to the normal position of the gland. The remnant is marked with a nonreabsorbable suture or metal surgical clip. In the event that only three parathyroid glands are found after a comprehensive exploration, all 
three are removed. This circumstance has been noted to result in approximately 30% of patients with persistent hyperparathyroidism.[357] In the event total parathyroidectomy and autotransplantation with or without cryopreservation is planned, 
all four glands are removed after discovery, with the most normal-appearing gland selected as the autograft.[411] Ten to 15 mm3 fragments of the selected autotransplant gland are placed into several intramuscular pockets in the brachioradialis 
muscle of the nondominant forearm in a hemostatic fashion, because hemorrhage into the implant beds may result in poor "take" of the grafts.[413] Cryopreservation of the remaining portion of this autotransplant gland should be performed in 
the event that sufficient parathyroid function does not develop after revascularization of the implants.

A number of reports supporting one procedure vs the other are noted in the literature, but objective controlled trials dealing specifically with renal-induced hyperparathyroidism are rare. Of the few trials conducted, the only prospective 
randomized series was reported by Rothmund, who found that parathyroidectomy with autotransplantation was superior to subtotal thyroidectomy in controlling symptoms in a group of 40 patients with renal-induced hyperparathyroidism.[326] 
In this series, in which follow-up was noted over a mean of 4 years, four patients who were randomly assigned to the subtotal parathyroidectomy cohort experienced recurrent disease. The elimination of bone pain was significantly improved 
proportionally in patients who underwent total parathyroidectomy with autotransplantation. Three independent reports compared both techniques in a retrospective analysis and found that both procedures resulted in similar outcomes.[229] [373] [414] 
In assessing the merit of each technique, one should keep in mind that most surgeons will find the procedure they routinely use and have more experience with to be the most applicable and appropriate in dealing with patients with this 
disorder.

The success of subtotal parathyroidectomy depends mainly on the size and viability of the remnant parathyroid gland left in situ. Remnants that are nodular are more likely to grow and result in recurrent hyperparathyroidism. This procedure 
has a theoretical advantage of producing less postoperative
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hypocalcemia, because the remnant continues to function. The main disadvantage is that in the event that these remnants become hyperfunctional, the reoperations on many occasions are tedious, difficult technically, and carry increased risk 
of complications such as injury to the recurrent laryngeal nerve. In general, successful subtotal parathyroidectomy alleviated bone pain to a lesser degree than those total parathyroidectomies with autotransplantation but carried less risk of 
postoperative low turnover bone disease.[92] 

The success of total parathyroidectomy with autotransplantation mainly depends on the nodularity of the gland from which the graft is obtained and number and weight of the fragments that are implanted. As in recurrent disease within a 
nodular remnant after subtotal parathyroidectomy, graft-dependent recurrence is three times greater when implanting a nodular gland instead of a diffusely hyperplastic one.[376] The advantage of autotransplantation is represented by the fact 
that should hyperparathyroidism recur in the graft remnant, this may be partially resected under local anesthesia and with minimal potential complications. Several studies published theories that show a 5% to 38% rate of postoperative 
hypercalcemia attributable to a hyperfunctional graft with a 2% to 6% chance of recurrence requiring graft resection and a 5% to 30% chance of hypocalcemia lasting more than 12 months secondary to poor graft viability and function. * 

Re-Exploration for Recalcitrant Hyperparathyroidism

The distinction between persistent (hypercalcemia persisting or recurring within 6 months after initial operation) and recurrent (hypercalcemia recurring after 6 months of normocalcemia after the initial surgery) hyperparathyroidism after a 
prior cervical or mediastinal exploration for hypercalcemia has been applied loosely but poses an equitable management dilemma and technical challenge to the surgeon.

It has been estimated that 2% to 10% of surgical failures may be attributed to an incorrect diagnosis.[71] [236] Accordingly, the first requirement for success in reoperative parathyroid surgery is proper diagnosis. By definition, 
hyperparathyroidism (primary or secondary) must be proven by elevation of serum calcium levels associated with high or inappropriately elevated PTH levels. Elevated serum chloride and decreased serum phosphate levels are frequently 
noted. In addition, urinary calcium should be appropriately elevated to exclude a diagnosis of FHH. If all these parameters are not present, other causes of hypercalcemia must be considered, because a repeat surgical exercise is almost 
guaranteed to be unsuccessful.[380] The diagnosis of hyperparathyroidism is currently more straightforward with immunoradiometric and immunochemiluminescent assays of PTH levels. Diagnostic errors in hyperparathyroidism can result 
from medications (calcium, vitamin D, furosemide, thiazide diuretics, calcitonin, lithium), FHH, malignancy (bone metastasis or humoral hypercalcemia), granulomatous disease, acute renal failure, bone disease (Paget's, immobilization), 



hyperthyroidism, or adrenal insufficiency.

The indications for surgical intervention in secondary cases must be solid, because the morbidity and technical difficulty is increased. In general, the guidelines for surgery in primary hyperparathyroidism, as outlined in the National Institutes 
of Health 2002 Consensus Conference, serve as a framework for surgical decision making in patients requiring further treatment after initial failed exploration.

Causes of failed exploration.

The most common finding on parathyroid re-exploration by the experienced parathyroid surgeon is a missed single adenoma. Akerström reported on 84 parathyroid re-explorations in 69 patients with primary hyperparathyroidism. Thirty-
seven of these patients had missed adenomas, four of these patients had double "adenomas," and only one adenoma was resected on the initial exploration.[6] Most of the remaining patients had persistent hyperparathyroidism secondary to 
inadequate resection of parathyroid hyperplasia, with only four patients demonstrating recurrent "single" adenomas. Rotstein and colleagues analyzed their series of 28 reoperations for primary hyperparathyroidism. They identified solitary 
adenomas in 24 patients, with 2 patients each having hyperplasia and carcinoma.[327] Norman and Denham have used the technique of minimally invasive radio-guided parathyroidectomy for reoperative disease and resected 23 solitary 
adenomas from 24 patients.[277] Jaskowiak and others[185] reviewed their experience at the National Institutes of Health with 288 patients with persistent/recurrent hyperparathyroidism. Two hundred twenty-two (77%) of these patients were 
ultimately demonstrated to have solitary adenomas.

In patients with secondary hyperparathyroidism, hyperplasia is the expected histopathology. Cattan and others[56] explored 89 patients for persistent or recurrent secondary hyperparathyroidism; 53 of these patients had undergone subtotal 
parathyroidectomy, whereas 36 had prior total parathyroidectomy with autotransplantation. They identified hypertrophy of the remnant as the principal cause of recurrence in the subtotal group. In the group receiving total

*References [7] [126] [130] [131] [257] [294] [325] [361] . 
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parathyroidectomy, recurrence was located in the autotransplant in half; hyperplastic disease was identified in the neck or mediastinum in the other half.

Equally as important as the finding that the cause of recalcitrant hyperparathyroidism is a solitary adenoma in most patients, through the observation that, in most of these cases, the adenoma is in a "standard" location. In the Akerström 
report, only 8 patients required sternotomy for ectopic adenomas identified in the mediastinum despite 17 sternotomies being performed. In 5 of the 17 patients who had sternotomy, the offending lesion was ultimately identified in a normal 
location in the neck.[6] Of the more unusual ectopic locations, one was ventral to the left atrium, one was ventral to aortic root, and one was in the aortopulmonary window. Furthermore, only one gland was truly intrathyroid, despite 19 thyroid 
lobectomies performed as part of the re-exploration. In the series by Norman and Denham,[277] only one gland was in the mediastinum (just anterior to the right atrium), whereas two were intrathyroid. Jaskowiak and others identified adenomas 
in the posterior superior mediastinum, specifically in the tracheoesophageal groove in 27% of their patients (59 of 215). This was the most common location of the adenoma in the failed first exploration. This site is easily explored 
transcervically and should be considered as an inferior extension of the normal superior gland position. Furthermore, the authors point out that these adenomas were almost always in direct apposition to the recurrent laryngeal nerve, perhaps 
suggesting that inadequate dissection around the nerve initially contributed to the failure. Another 24.3% of patients had their adenomas in the normal positions adjacent to the thyroid gland.[234] 

In the NIH series, the most common ectopic site was within the thymus or mediastinum, accounting for 16.7%.[234] This value is lower than other reports of 22% intrathymic tumors at the initial operation and 38% for reoperation.[393] An 
intrathyroidal lesion was noted in 10% (22 patients) of their study population. A similar percentage of patients had undescended parathyroid glands. These so-called parathymus lesions are located at the bifurcation of the carotid artery, high 
in the neck, and represent an inferior gland that is arrested in the descent from the third brachial pouch. Other "typical" ectopic locations included lesions within the carotid sheath and the retroesophageal space. Unusual ectopic locations 
include the aortopulmonary window in two patients, the hypopharynx at the base of the tongue in one patient, the wall of the nasopharynx near the nasal septum in one patient, and within the vagus nerve high in the neck at the level of C1 to 
C2 vertebrae. Furthermore, three patients had lesions "seeded" within the strap muscles, most likely because of the first exploration.[234] 

Preoperative assessment.

Because a missed single adenoma located in a "standard" position accounts for most patients whose initial procedures fail, accessing the records from the original exploration, including the operative note and the pathology report, is essential. 
Notes from the original operation may describe in detail the thoroughness of the exploration: which parathyroid glands remain in situ, whether the recurrent laryngeal nerve was identified and thoroughly skeletonized, and whether any 
"atypical" but regional areas were explored. Pathology reports should document what histologic items were identified (i.e., whether all normal parathyroid glands were biopsy proven). Ideally, all four glands should be identified before 
calling an initial exploration negative.

No matter what the original surgical and pathologic reports state, endocrine surgeons universally agree that preoperative imaging studies are an essential component of reoperative parathyroid surgery. A variety of invasive and noninvasive 
techniques are available to image or localize abnormal parathyroid glands, and these have been discussed previously.

Operative risk: re-exploration.

Once a decision has been made to pursue re-exploration for persistent or recurrent hyperparathyroidism, the patient and surgeon must review and mutually understand the inherent risks of such surgery. The risk of injury to the recurrent 
laryngeal nerve, a potentially very problematic complication, is greater in reexplored necks than that for initial exploration. In two large studies, the incidence of vocal paralysis exceeded 6% after parathyroid re-exploration, in sharp contrast 
to the exceedingly low rate (less than 1%) realized after initial bilateral exploration. [299] Although more limited approaches to parathyroid re-exploration (targeted exploration; minimally invasive radio-guided surgery) are likely to result in a 
reduced incidence of nerve injury after reoperation, it remains that surgical treatment of the operated neck will always be associated with increased risk. In addition to an incidence of recurrent nerve injury, re-exploration carries with it a 
greater likelihood for postoperative hypocalcemia, both temporary and permanent. [36] Finally, although the success rate for reoperative parathyroid surgery may exceed 90% in experienced hands, this remains substantially less than the near 
perfect rate of success for initial surgery. Thus, it is important that, together with reconfirmation of the diagnosis and careful patient preparation, a candid discussion of the risks associated with reoperation be held with the patient.
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Operative strategy.

After the decision to proceed with re-exploration and having performed a review of the initial operative procedure and localization studies, the surgeon then considers the operative approach. Ideally, the objective is to remove a single gland 



without extensive dissection, which may result in injury to the surrounding structures (i.e., recurrent laryngeal nerve or devascularization of remaining parathyroid tissue). The likelihood of accomplishing this objective depends on two 
factors: the experience of the initial operating surgeon and the demonstration of an enlarged parathyroid gland on correlative localization studies. In most cases, reoperation after initial surgery by an experienced surgeon will be difficult and 
tedious, because the initial dissection will have been comprehensive, and the surgical bed will have significant fibrosis. In contradistinction, the extensiveness of initial exploration, and resulting degree of fibrosis, may be significantly less in 
patients having had the original surgery performed by a relatively inexperienced surgeon. In both of these circumstances, the localizing studies will be of prime importance in targeting the putative hyperfunctional gland and limiting the 
reoperative dissection.

The best of all scenarios, and the most common, is unequivocal localization to a cervical site that may also include the anterior superior mediastinum. The previous neck incision is generally used for access, in some cases by excising the old 
scar completely. The usual superior/inferior flaps are raised, and access is gained to the side of the neck indicated by the localization studies. A lateral to medial approach to dissection is undertaken to avoid the dense scarification and fibrosis 
in the region of the tracheoesophageal groove where the recurrent laryngeal nerve resides. In this manner, dissection proceeds medially from the sternomastoid muscle superficial to the great vessels and then directly to the region overlying 
the cervical spine. This approach exploits the concept of the viscerovertebral angle as described by Tenta.[378] This potential anatomic space is defined as that area bordered laterally by the carotid sheath structures, medially by the trachea and 
esophagus, anteriorly by the thyroid, and posteriorly by the cervical spine ( Figure 120-12 ). In accessing this region, the surgeon may take advantage of a tissue plane with relatively little vascularity and fibrosis. This area will allow the 
surgeon to examine the superior mediastinum inferiorly, the retroesophageal compartment medially and as far superiorly as the hyoid bone, all within planes of dissection that separate with relative freedom. Although not necessary in most 
cases, the recurrent laryngeal nerve may be identified and isolated for protection by following this approach, because dense fibrosis is infrequently encountered over the prevertebral space, 

 
Figure 120-12 The viscerovertebral angle (WA) approach relative to parathyroid exploration. 

 

Figure 120-13 A gloved finger inserted beneath the pretracheal fascia overlying the cervical spine demonstrates the "pseudo" ectopic location of a descended superior parathyroid adenoma in the tracheoesophageal groove. 

 

Figure 120-14 Cervical thymectomy demonstrating an intrathymic inferior parathyroid adenoma. 

 

Figure 120-15 Superior parathyroid adenoma located under the pretracheal fascia over the posterior aspect of the thyroid gland, a "pseudo" subcapsular parathyroid gland. T, Thyroid gland; C, carotid sheath; RLN, recurrent laryngeal nerve; 
SCM, sternomastoid muscle; IJV, internal jugular vein. 



 

Figure 120-16 Ectopic parathyroid adenoma (arrow) illustrated within the carotid sheath. T, Thyroid gland; C, carotid sheath; RLN, recurrent laryngeal nerve; SCM, sternomastoid muscle; IJV, internal jugular vein. 

 

Figure 120-17 Technectium-99m sestamibi nuclear scan in a patient with hyperparathyroidism and nodular thyroid disease. 

 

Figure 120-18 Inferior parathyroid adenoma demonstrated deep to the true thyroid capsule between nodular thyroid projections. T, Thyroid gland; C, carotid sheath; RLN, recurrent laryngeal nerve; SCM, sternomastoid muscle; IJV, internal 
jugular vein. 



 

Figure 120-19a Technetium-99m sestamibi scan (A) and magnetic resonance imaging scan (B) in a patient with a mediastinal parathyroid adenoma. The area of nuclear uptake noted on the sestamibi scan correlates anatomically with the 
nodule demonstrated in the aortopulmonary window on MRI. Adenoma was removed via left lateral thoracotomy. 

 

Figure 120-19b Technetium-99m sestamibi scan (A) and magnetic resonance imaging scan (B) in a patient with a mediastinal parathyroid adenoma. The area of nuclear uptake noted on the sestamibi scan correlates anatomically with the 
nodule demonstrated in the aortopulmonary window on MRI. Adenoma was removed via left lateral thoracotomy. 



 

Figure 120-20 Technetium-99m sestamibi imaging showing mediastinal parathyroid that represented a fifth hyperplastic gland missed at initial surgery, at which time four hyperplastic glands were removed. 

 

Figure 120-21 Technetium-99m sestamibi image demonstrating delayed uptake in the left superior mediastinum in a patient with recurrent parathyroid carcinoma. 
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Chapter 121 - PARANASAL SINUSES: MANAGEMENT OF THYROID EYE DISEASE (GRAVES' OPHTHALMOPATHY)

Douglas A. Girod 

INTRODUCTION

In 1835, Robert Graves described a clinical syndrome that included such symptoms as hypermetabolism, diffuse enlargement of the thyroid gland, and exophthalmos. Although others also had recognized this entity, it was Graves who 
defined the thyroid as playing a central role in the disease. Graves' disease is now recognized as a multisystem disorder characterized by one or more of the following: (1) hyperthyroidism associated with diffuse hyperplasia of the thyroid 
gland; (2) infiltrative ophthalmopathy (leading to exophthalmos); and (3) infiltrative dermopathy (localized pretibial myxedema). Recent work has helped to establish Graves' disease as an autoimmune process targeted at the thyroid-
stimulating hormone (TSH) receptor in the thyroid.[49] [61] [65] In addition, retroocular fibroblasts have been found to play a key role in the development and progression of the ophthalmopathy seen in some patients with Graves' disease.[2] [3] 



Despite these advances in the understanding of Graves' disease pathogenesis, only limited progress has been made in the management of the disease. Therapy is still primarily directed at the manifestations of the disease in a palliative fashion 
rather than at preventing the underlying destructive autoimmune process. This chapter will focus on the evaluation and management of the ophthalmic manifestations of Graves' disease.

PATHOPHYSIOLOGY

Extensive research in recent years has led to important insights into the pathologic mechanisms involved in Graves' disease and Graves' ophthalmopathy. As the understanding progresses, so should the ability to deal with this challenging 
disorder.

Graves' Disease

Current theory describing the development of Graves' disease involves autoreactive T cells, which arise either through an escape from clonal deletion, through failure of suppressor T-cell activity, or through molecular mimicry to become 
reactive to TSH receptors.[7] [27] The majority of the T cells responsible for the reaction are located in the thyroid gland itself. Subsequent thyroid damage from any etiology (e.g., chronic thyroiditis, radiotherapy, smoking, drugs) results in the 
release of the thyroid autoantigen (TSH receptors). As the autoimmune process amplifies, T lymphocytes are activated, and humoral immunity produces antibodies to the TSH receptor that are stimulatory, resulting in hyperthyroidism. In 
some patients, underlying chronic thyroiditis may dramatically reduce thyroid reserve or TSH receptor-blocking antibodies may be present, resulting in the "euthyroid" patient with Graves' disease.

Graves' Ophthalmopathy

The extraocular muscles are the site of the most clinically evident changes in patients with Graves' ophthalmopathy. Although the muscles are enlarged on computed tomography (CT) scan, the myocytes themselves appear fairly normal 
histopathologically. [40] There is an associated intense proliferation of perimysial fibroblasts and dense lymphocytic infiltration. Early reports of circulating autoantibodies against eye muscle antigen in sera from patients with Graves' 
ophthalmopathy led to the theory that the disease was a result of an autoimmune response directed against the extraocular eye muscle fibers.[47] This theory began to lose favor as study of these autoantibodies proved them to be neither tissue 
or disease specific. The lack of histologic evidence of cytotoxicity against eye muscle in vivo also argues against this theory.

Attention has now focused on the retrobulbar fibroblast as playing a key role in the pathogenesis of Graves' ophthalmopathy. These fibroblasts have several capabilities that place them at the center of the changes seen in the eye. They secrete 
a range of glycosaminoglycans
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(predominately hyaluronate), the deposition of which is a hallmark of Graves' ophthalmopathy and causes interstitial edema as a result of its intensely hydrophilic nature. These cells can also produce major histocompatibility complex class II 
molecules, heat shock proteins, and lymphocyte adhesion molecules, which allow them to act as target and effector cells in the ongoing immune process in those with Graves' ophthalmopathy. [36] In addition, autoantibodies against fibroblast 
antigens have been found in a majority of patients with Graves' ophthalmopathy. These antibodies share some characteristics with TSH receptor antibodies (TRAbs). [3] More recently, probes to TSH receptor messenger ribonucleic acid 
(mRNA) have labeled mRNA within the retrobulbar fibroblasts of patients with Graves' ophthalmopathy.[7] Thus, the "fibroblast antigen" may be similar to all or part of the TSH receptor, and therefore it represents a shared thyroid-eye 
antigen. Such an antigenic similarity would explain the immune cross-reactivity between these two seemingly unrelated tissue sites.

Lymphocytes also are active in the ongoing immune process of Graves' ophthalmopathy. Orbital lymphocyte infiltrates have been found to be primarily T cells, including CD4+ (T helper cells) and CD8+ (T suppressor and cytotoxic cells). 
Cytokines released by T cells have been shown to induce fibroblast proliferation and collagen and glycosaminoglycan deposition. Recently, Grubeck-Loebenstein and others[32] cultured retrobulbar suppressor and cytotoxic T cells out of 
tissues removed at the time of orbital decompression and found them capable of targeting the retrobulbar fibroblasts. Interactions with fibroblasts resulted in pronounced T-cell cytokine production and fibroblast proliferation without 
evidence of fibroblast cytotoxicity. Thus, the T-cell-retrobulbar fibroblast interaction may be responsible for the clinical manifestations of Graves' ophthalmopathy.

Burch and Wortofsky[7] have proposed a hypothetical sequence of events that led to the initiation and progression of Graves' ophthalmopathy based on an extensive review of the recent literature ( Figure 121-1 ).

EPIDEMIOLOGY/ETIOLOGY

An accurate estimate of the prevalence of Graves' ophthalmopathy is difficult to determine and depends in part on the diagnostic criteria used to define the presence of ophthalmopathy. For example, "lid lag" and "stare" are nonspecific signs 
and can be seen with thyrotoxicosis stemming from etiologies other than Graves' disease. In an exhaustive review of the literature, Burch and Wartofsky[7] found an incidence of ophthalmopathy in patients with Graves' disease of 10% to 25% 
if these nonspecific signs were excluded and 30% to 45% if lid findings were included as diagnostic criteria. When intraocular pressure on upgaze or CT findings also were included, the incidence increased to nearly 70%. Fortunately, the 
most severe form of Graves' ophthalmopathy with optic nerve involvement and visual impairment occurs in only 2% to 5% of patients with Graves' disease.[53] [80] 

EFFECTS OF GENETICS AND SEX

The role of genetic predisposition and major histocompatibility complex (MHC) antigen patterns in those with Graves' ophthalmopathy has been extensively studied but remains poorly characterized.[7] Ethnicity appears to play some role, as 
Tellez and others[76] found that Europeans with Graves' disease were six times more likely to develop ophthalmopathy than Asian patients with Graves' disease. More important are the influences of sex on the development of Graves' disease 
and the associated ophthalmopathy. A strong 3:1 female-to-male preponderance exists for Graves' disease,[55] [77] which decreases to about 2:1 for those with Graves' ophthalmopathy. Overall, male patients with Graves' disease have a higher 
incidence of ophthalmopathy that is more severe and tends to develop later in life. [7] 

EFFECTS OF TOBACCO

Several studies have reported an increased incidence of goiter in tobacco smokers compared with nonsmokers, attributing this to thiocyanate, a known goitrogen that is present in inhaled tobacco smoke.[10] [16] Studies have also reported an 
association between smoking and the incidence and severity of Graves' ophthalmopathy.[4] [76] This relationship was not found in patients with other forms of thyroid disease and suggests the tobacco effects are specific to Graves' disease. It is 
possible that the decrease in female preponderance in Graves' ophthalmopathy, especially in the more severe forms, may be a reflection of the higher incidence of smoking among male patients rather than a true sex difference. [7] 



EFFECTS OF THYROID STATUS

The role of thyroid hormonal status in the development and severity of Graves' ophthalmopathy has been particularly difficult to ascertain because of the overlap of thyrotoxicosis with antithyroid therapy in this patient population. 
Thyrotoxicosis alone is thought to have little direct effect on the autoimmune process. It serves as a fairly poor marker for disease severity because the prevalence and course of hyperthyroidism correlate poorly with that of Graves' 
ophthalmopathy.[7] An improvement in eye status with maintenance of euthyroidism during antithyroid therapy may be more a reflection of improving immune function than a decreased circulating thyroid hormone.

2781

 
Figure 121-1 Proposed sequence of events leading to the initiation and progression of Graves' ophthalmopathy based on the current literature. (From Burch HB, Wartofsky L: Endocr Rev 14:747, 1993.) 

 

TABLE 121-1 -- DETAILED CLASSIFICATION OF THE EYE CHANGES OF GRAVES' DISEASE

Classes Grades Ocular Symptoms and Signs

0  No signs or symptoms

1  Only signs, no symptoms (signs limited to upper lid retraction and stare, with or without lid lag and proptosis)

2  Soft tissue involvement with symptoms and signs

 o Absent

 a Minimal

 b Moderate

 c Marked

3  Proptosis 3 mm or more in excess of upper normal limit, with or without symptoms

 o Absent

 a 3- to 4-mm increase over upper normal



 b 5- to 7-mm increase

 c 8 or more mm increase

4  Extraocular muscle involvement (usually with diplopia, other symptoms or signs)

 o Absent

 a Limitation of motion at extremes of gaze

 b Evident restriction of motion

 c Fixation of a globe or globes

5  Corneal involvement (primarily a result of lagophthalmos)

 o Absent

 a Stippling of cornea

 b Ulceration

 c Clouding, necrosis, perforation

6  Sight loss (caused by optic nerve involvement)

 o Absent

 a Disc pallor or choking, or visual field defect: vision 20/20 to 20/60

 b Same, but vision 20/70 to 20/200

 c Blindness (i.e., failure to perceive light, vision less than 20/200)
 
combines with interstitial edema to cause an increase in intraocular pressure.

Intraocular pressure is increased in primary gaze (straight ahead) and even more so in upward gaze (supraduction). This increase in intraocular pressure can lead to a misdiagnosis of glaucoma, with a subsequent delay in appropriate therapy. 
[28] Over time, increases in intraocular pressure also produce conjunctival chemosis, excessive lacrimation, periorbital edema, and photophobia (ATA class II disease).

As enlargement of orbital muscle and fat progresses, the volume of the orbital contents increases. The orbital cavity has four fixed bony walls with an average volume of 26 mL.[29] In healthy people, the globe takes up 30% of this volume, 
with retrobulbar and peribulbar structures taking up the remaining 70% of the volume. With nowhere else to expand, an increase of only 4 mL in the volume of the orbital contents will result in 6 mm of proptosis (ATA class III disease).

As the extraocular muscles become increasingly enlarged by edema and infiltration, they also become dysfunctional, resulting in reduced ocular mobility and diplopia (ATA class IV disease). Over time, the inflammatory response provokes 
the deposition of collagen by the fibroblasts, replacing the normally elastic muscles of the eye and ultimately causing a permanent fibrotic, restrictive ophthalmoplegia.

Progressive proptosis also dramatically interferes with the protective mechanisms of the cornea, causing exposure, desiccation, irritation, and ultimately, ulceration (ATA class V disease). Corneal ulceration becomes a vision-threatening 
problem, with a risk of permanent corneal scarring, and requires immediate attention.

In its most severe form, Graves' ophthalmopathy involves the optic nerve to impair vision (ATA class VI disease). Optic nerve involvement typically presents as a painless gradual loss of visual acuity or visual field,[53] although it can occur 
precipitously over days to weeks. Although originally thought to be caused by ischemia or venous congestion of the nerve as a result of increased intraocular pressure, there now is convincing evidence to support crowding and compression
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TABLE 121-2 -- CHARACTERIZATION OF GRAVES' OPHTHALMOPATHY: RECOMMENDATIONS OF AN INTERNATIONAL AD HOC COMMITTEE * 

Category of Disease Objective Criteria Monitored

Eyelid Maximal lid fissure width

 Upper lid to limbus distance

 Lower lid to limbus distance

Cornea Exposure keratitis assessed by rose bengal or fluorescein staining (indicate presence or absence)

Extraocular muscles Single binocular vision in central 30° of vision (indicate presence or absence, with or without prisms)

 One or more of the following measurement techniques:

 ••Maddox rod test

 ••Alternate cover test

 ••Hess chart measurements



 ••Lancaster red-green test

 Optional

 ••Intraocular pressure in downward gaze

 ••CT or MRI

Proptosis Exophthalmometer reading (CT or MRI measurement may also be used for measurement)

Optic nerve Visual acuity

 Visual fields

 Color vision

Activity score Sum of one point each for any of the following:

 ••Spontaneous retrobulbar pain

 ••Pain with eye movement

 ••Eyelid erythema

 ••Eyelid edema or swelling

 ••Conjunctival injection

 ••Chemosis

 ••Caruncle swelling

Patient self-assessment Satisfaction with the following (indicate change with therapy in each using a scale such as: greatly improved, improved, unchanged, worse, much worse):

 ••Appearance

 ••Visual acuity

 ••Eye discomfort

 ••Diplopia

CT, Computed tomography; MRI, magnetic resonance imaging.
*Consensus of an 18-member ad hoc committee comprised of representatives from the American, European, Asia-Oceanic, and Latin America Thyroid Associations. (From 1992 Classification of eye changes of Graves' disease, Thyroid 2:235.) 

 
 
 
of the optic nerve at the orbital apex by the enlarged extraocular muscles as the etiology of nerve dysfunction.[62] 

Optic nerve function is measured in several ways, one or all of which may be impaired. In one study of 31 patients with optic nerve involvement, [28] visual acuity was 20/25 or worse in 100% of eyes; color vision was decreased in 64%; and 
visual fields were decreased in 70%, with inferior scotomata and cecocentral scotomata defects most common. Impaired visual fields or color vision also may be found in patients with normal visual acuity. [11] 

Clinical Evaluation

Differential Diagnosis

Graves' ophthalmopathy presents a spectrum of clinical manifestations that are reminiscent of other clinical entities. Eye changes range from minimal—requiring a detailed eye examination or CT scan for identification—to dramatic, 
disfiguring, and vision-threatening changes that eclipse the manifestations of the underlying thyroid disease. The high prevalence of asymmetric eye involvement may also lead the clinician to suspect a unilateral disease process rather than a 
systemic one. Although the differential diagnosis
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for proptosis is extensive ( Table 121-3 ), most other disease entities have only superficial similarities to Graves' ophthalmopathy and can be quickly ruled out. Most importantly, the clinician should maintain a high degree of suspicion if the 
diagnosis of Graves' ophthalmopathy is to be made in a timely fashion.

 
TABLE 121-3 -- DIFFERENTIAL DIAGNOSIS OF PROPTOSIS

Endocrine  

 Graves' ophthalmopathy

 Cushing's syndrome

Orbital neoplasms  



 Primary neoplasms

 Hemangioma

 Lymphoma (may be systemic)

 Optic nerve glioma

 Choroidal melanoma

 Lacrimal gland tumors

 Meningioma

 Rhabdomyosarcoma

Extension of paranasal sinus tumors  

Metastatic disease  

 Malignant melanoma

 Breast carcinoma

 Lung carcinoma

 Kidney

 Prostate

Inflammatory  

 Orbital pseudotumor

 Orbital myositis

Granulomatous  

 Sarcoidosis

 Wegener's granulomatosis

Infectious  

 Orbital cellulitis

 Syphilis

 Mucormycosis

 Parasitic (trypanosomiasis, schistosomiasis, cystocercosis, echinococcal disease)

Vascular  

Miscellaneous  

 Carotid-cavernous fistula

 Lithium therapy

 Cirrhosis

 Obesity

 Amyloidosis

 Dermoid and epidermoid cysts

 Foreign body
 
Thyroid Function

A full endocrinology workup is essential in the diagnosis and management of Graves' disease. Laboratory testing should include thyroid function tests and a TSH level. In some apparently euthyroid patients, more detailed dynamic testing of 
thyroid function may be required to uncover thyroid dysfunction. These studies include the suppression of radioiodine uptake with T3 to assess for non-TSH-mediated thyroid stimulation, the thyrotropin-releasing hormone (TRH) stimulation 
test to determine the presence of low-grade suppression of the hypothalamic-pituitary axis, and TSH stimulation tests of thyroid reserve. Serologic evaluation for evidence of thyroid autoimmunity can also be performed, including 
microsomal antibody, thyroglobulin antibody, and TRAb assays. Overall, with sufficient scrutiny, most if not all patients with euthyroid ophthalmopathy can be shown to have some degree of thyroid dysfunction. [7] 

Eye Evaluation

A thorough examination by a skilled ophthalmologist is critical for the diagnosis and management of Graves' ophthalmopathy. Serial eye examinations are required to monitor disease activity, progression, and response to therapy. The eye 
examination should include attention to soft tissue changes, including lid edema and retraction, chemosis, scleral injection, limitation of ocular motility, documentation of proptosis (Hertel exophthalmometer) and intraocular pressure in 
primary and upward gaze (Schiotz tonometer), strabismus and visual function in the form of acuity (Snellen's wall chart), color vision (Ishihara's color plates), and visual fields (Goldmann perimetry).



Imaging Studies

CT scans of the orbit can be helpful in the diagnosis of Graves' ophthalmopathy in the euthyroid patient and are essential if surgical intervention is being considered. Typical findings include a twofold to eightfold enlargement of the 
extraocular muscle bodies, sparing the tendinous portions ( Figure 121-2 ). The changes will be bilateral in 90% of patients, although asymmetry in the extent of involvement is the rule. The medial and inferior rectus muscles are involved 
most commonly, although any or all of the muscles may be enlarged.[41] The orbital and extraocular muscle volume can be estimated using CT images.[21] [22] [33] Although estimates of extraocular muscle volume have correlated with the presence 
of optic neuropathy, subsequent studies have not found a correlation between muscle volume estimates and the severity of optic neuropathy or the effectiveness of decompression, [28] [34] thus limiting the usefulness of these estimates.
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Figure 121-2 Axial computed tomography scans through the orbits in two patients with Graves' ophthalmopathy, demonstrating (A) medial rectus muscle enlargement (asterisks) with normal lateral rectus muscle size and (B) medial and 
lateral rectus muscle enlargement (asterisks) with orbital apex crowding, causing optic neuropathy. 

 

Figure 121-3 Diagram of a coronal section through the skull and paranasal sinuses showing portions of the orbit removed for various methods of orbital decompression. 

 

Figure 121-4 Sublabial buccogingival incision that exposes the anterior wall of the maxillary sinus. An osteotome is used to create the antrostomy. 

 



Figure 121-5 Ethmoidal cells are entered with a curette and subsequently removed by curettage and bone-biting forceps. 

 

Figure 121-6 A, Removal of the floor of orbit after eggshell fracturing of bone. B, Coronal section of paranasal sinuses showing the extent of bone removal. C, View of the skull showing completion of ethmoidectomy and removal of the 
lamina papyracea. 

 

Figure 121-7 Radial incisions in the intact periorbita with a scalpel, permitting prolapse of orbital fat into the sinuses. 



 

Figure 121-8 Preoperative (left) and postoperative (right) best corrected visual acuity for 36 eyes in 20 patients undergoing transantral orbital decompression for Graves' optic neuropathy. CF, Counts fingers; HM, hand motion; LP, light 
perception. (From Girod and others: Arch Otolaryngol Head Neck Surg 119:229, 1993.) 

 

Figure 121-9 A, Preoperative (left) and postoperative (right) average proptosis for the 36 eyes undergoing decompression in Figure 121-8 . B, Intraocular pressure in the same eyes in primary gaze and upward gaze before and after 
decompression surgery. *P < .05. 

 

Figure 121-10a View from a CT image-guided system during orbital decompression surgery. A, Images showing initial periorbita incision at the orbital apex with herniation of orbital fat seen on the video image. 



 

Figure 121-10b B, Images showing inferomedial periorbita incision with extensive orbital fat decompression into the sinus cavity. The degree of decompression can be readily assessed on the CT images. 
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Chapter 122 - ANATOMY OF THE SKULL BASE, TEMPORAL BONE, EXTERNAL EAR, AND MIDDLE EAR

Oswaldo Laércio M. Cruz 

SURGICAL ANATOMY OF THE TEMPORAL BONE

The temporal bone presents an interesting multifaceted anatomic study. First, in its position on the lateral surface of the skull, it articulates with five other cranial bones and forms numerous sutures and foramina through which pass many 
important neural and vascular structures. Second, within its confines, the temporal bone houses the external, middle, and internal ear containing the peripheral portions of the auditory and the vestibular systems; the fallopian canal and the 
facial nerve (cranial nerve [CN] VII); the osseous canal for the internal carotid artery; and the bony covering for the sigmoid sinus and the jugular bulb. Familiarity with this complex anatomy is therefore mandatory for understanding 
temporal bone pathology and for executing surgical procedures safely.

This chapter is divided in sections discussing the osseous anatomy of the temporal bone; the anatomy of the external, middle, and inner ear and mastoid; the anatomy of the middle and posterior cranial fossa as they relate to the temporal 
bone and otoneurologic surgical procedures; and the anatomy of the infratemporal fossa.

OSSEOUS ANATOMY OF THE TEMPORAL BONE

The temporal bone can be divided in four portions: squamous, tympanic, mastoid, and petrous. Although each is technically only one portion of the temporal bone, it is customary to refer to each as individual bones, as we will do here.[2] 

Squamous Bone (Squamosa)

The squamosa has a shape reminiscent of the open wing of a bird ( Figure 122-1 ). Along with the greater wing of the sphenoid and a portion of the parietal bone, it forms the lateral boundary of the middle cranial fossa. Inferiorly and 
anteriorly it contributes to the zygomatic arch and forms the superior wall of the external auditory canal (EAC). Its articulation with the tympanic bone in the anterosuperior EAC forms the tympanosquamous suture. At the posterior end of its 
contribution to the EAC, it articulates with the mastoid bone and forms the tympanomastoid suture.

The medial aspect of the squamous bone forms the petrosquamous suture, which joins the caudal portion of the squamosa and the lateral superior portion of the petrosa ( Figure 122-2 ). Anteriorly, the squamosa articulates with the sphenoid 
and forms the foramen spinosum, which transmits the middle meningeal artery into the cranium. The sulcus for the middle meningeal artery is obvious on the medial surface of the squamosa (see Figure 122-2 ).

Tympanic Bone

The tympanic bone lies just inferior to the squamosa and anterior to the mastoid and forms the tympanosquamous and tympanomastoid sutures with them (see Figure 122-1 ). It is common for one edge of these suture lines (especially the 
tympanosquamous suture) to project 1 to 3 mm into the EAC lumen as a spinous process. These spines and their fibrous attachment to the skin are always encountered during elevation of skin flaps for transcanal surgical procedures. The 
surgeon must elevate with care to avoid lacerating the skin in these areas.

The tympanic bone forms the anterior, inferior, and a portion of the posterior wall of the external auditory meatus, and is primarily responsible for the EAC size and shape. It also composes the posterior portion of the glenoid fossa (see 
Figure 122-1 ).

In the EAC, the medial extent of the tympanic bone ends at the tympanic or annular sulcus, into which the tympanic annulus inserts ( Figure 122-1 , Figure 122-5 , and Figure 122-8 ). On its inferior surface, the tympanic
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Figure 122-1 Cranium lateral-inferior vision (right side). 1, Tympanic bone; 2, external auditory canal; 3, tympanosquamous suture; 4, tympanomastoid suture; 5, suprameatal spine; 6, mastoid tip; 7, digastric sulcus; 8, occipital bone; 9, 
occipitomastoid suture; 10, parietomastoid suture; 11, squamosa; 12, zygoma; 13, glenoid fossa; 14, styloid process; 15, jugular foramen; 16, carotid canal; 17, sphenopalatine foramen; 18, greater wing of the sphenoid bone; 19, lateral 
pterygoid process; 20, medial pterygoid process; 21, pterygomaxillary fossa. 



 

Figure 122-2 Superior view of anterior, middle, and posterior fossae, with the projection of petrous portion of temporal bone. 1, Anterior fossa; 2, middle fossa; 3, posterior fossa; 4, petrous bone projection (arrow); 5, squamosa; 6, mastoid 
tegmen; 7, sigmoid sinus impression; 8, petrous apex; 9, trigeminal depression (Meckel's cave); 10, foramen lacerum region; 11, foramen ovale; 12, foramen spinosum; 13, anterior clinoid process; 14, posterior clinoid process; 15, greater 
wing of sphenoid; 16, sphenoid bone and sella; 17, foramen rotundum; 18, greater petrosal nerve impression; 19, arcuate eminence; 20, internal auditory canal region; 21, petrosphenoid suture; 22, occipital bone; 23, foramen magnum; 24, 
clivus. 

 

Figure 122-3 Medial view of petrous bone (right side). 1, Sella; 2, superior orbital fissure; 3, trigeminal impression; 4, superior petrosal sinus impression; 5, clivus; 6, petrooccipital sulcus; 7, internal auditory canal; 8, subarcuate fossa; 9, 
cochlear aqueduct; 10, jugular process; 11, vestibular aqueduct; 12, jugular tuberculum; 13, hypoglossal nerve canal; 14, jugular foramen; 15, sigmoid sinus impression; 16, mastoid bone. 

 

Figure 122-4 Auricle (right). 1, Helix; 2, antihelix (anthelix); 3, tragus; 4, antitragus; 5, auricular concha; 6, triangular fossa; 7, lobule. 



 

Figure 122-5 Tympanic membrane (left). 1, Malleus; 2, anterior mallear fold; 3, posterior mallear fold; 4, pars flaccida (Shrapnel's membrane); 5, projection of the long process of the incus; 6, pars tensa; 7, annular ligament. 

 

Figure 122-6 Lateral view of the left tympanic cavity after removal of the tympanic membrane and the posterior wall of the external auditory canal, with promontory dissection showing the relationship with the cochlea. 1, Malleus handle; 2, 
malleus head; 3, incus body; 4, long process; 5, short process; 6, incus-stapes articulation — the anterior and posterior stapes crura and oval fossa are identified at the right; 7, pyramidal eminence and stapes tendon; 8, round window niche; 9, 
basal turn of the cochlea with scala tympani (inferior) and scala vestibuli (superior) — Jacobson's nerve was removed during the opening of the cochlea; 10, middle turn of the cochlea; 11, semicanal of the tensor tympani muscle; 12, 
tympanic opening of the eustachian tube; 13, tympanic segment of facial nerve; 14, lateral semicircular canal. 

 

Figure 122-7 Left mastoid with visualization of the attic, aditus ad antrum, and posterior tympanotomy. 1, External auditory canal; 2, posterior wall of the external auditory canal; 3, incus body; 4, anterior attic or epitympanum with malleus 
head; 5, short process of the incus; 6, lateral semicircular canal; 7, pyramidal process with stapes tendon seen through the facial recess opening (posterior tympanotomy); 8, stapes (posterior and anterior crura) and oval window; 9, position 
for cochleostomy; 10, round window niche; 11, promontory; A, mastoid antrum. 



 

Figure 122-8 Lateral view of a right temporal bone with mastoidectomy and resection of the tympanic bone, tympanic membrane, and glenoid process. 1, Sigmoid sinus; 2, superior petrous sinus; 3, superior semicircular canal; 4, posterior 
semicircular canal; 5, lateral semicircular canal; 6, ossicular chain; 7, facial nerve; 8, chorda tympani nerve; 9, Trautmann's triangle—posterior fossa dura; 10, jugular foramen bulb; 11, jugular vein; 12, internal carotid artery: ascending 
portion and anterior turn or knee (arrow); 13, CN IX. 

 

Figure 122-9 Lateral view of a right temporal bone: mastoidectomy and posterior tympanotomy (arrow). 1, Lateral semicircular canal; 2, superior semicircular canal; 3, posterior semicircular canal; 4, end of tympanic segment of facial nerve 
and beginning of the mastoid portion (4A); the arrow shows the position of the posterior tympanotomy and its relation with facial and chorda tympani nerves; the pyramidal eminence and stapes tendon are seen through the opening; 5, chorda 
tympani nerve; 6, jugular bulb; 7, superior petrosal sinus; 8, Trautmann's triangle; 9, sinodural angle (Citelli's angle); 10, sigmoid sinus; 11, emissary vein; 12, middle fossa dura. 

 

Figure 122-10 Lateral view with wide mastoidectomy, resection of the semicircular canals and exposition of the internal auditory canal. 1, Incus; 2, stapes; 3, chorda tympani nerve; 4, tympanic portion of facial nerve continuing with 
mastoid segment (4A); 5, dura of the posterior wall of the internal auditory canal; 6, jugular foramen; 7, middle fossa dura; 8, superior petrosal sinus; 9, Trautmann's triangle (posterior fossa); 10, sigmoid sinus; 11, emissary vein; 12, 
transverse sinus; GG, geniculate ganglion at the end of the labyrinthine segment of the facial nerve (arrow). 

 

Figure 122-11 A, Close posterior view of the nerves in the internal auditory canal. 1, Transverse crest; A, cochlear nerve; B, superior vestibular nerve; C, facial nerve and nervus intermedius (of Wrisberg); E, inferior vestibular nerve. B, 
Close posterior view of the mid-face of the petrous bone and internal auditory canal with nerve dissection. 1, Transverse crest; 2, AICA (anterior-inferior cerebellar artery); 3, CN IX (glossopharyngeal); 4, CN X (vagus); 5, dural septum; A, 
cochlear nerve; B, superior vestibular nerve; C, facial nerve and nervus intermedius; D, internal auditory artery; E, inferior vestibular nerve. 



 

Figure 122-12 Right temporal bone seen from above, as in a middle cranial fossa surgical approach. The dura is detached from the temporal bone and the bone from the horizontal portion of carotid artery, cochlea, internal auditory canal, 
and the superior semicircular canal removed. 1, V1 entering the foramen ovale; 2, middle meningeal artery coming from the foramen spinosum; 3, horizontal portion of the internal carotid artery; 4, greater superficial petrosal nerve; 5, 
geniculate ganglion; 6, cochlea; 7, facial nerve in the medial portion of the internal auditory canal; 8, superior vestibular nerve; 9, superior semicircular canal; 10, middle fossa dura. 

 

Figure 122-13 Surgical anatomy of the middle fossa approach after gasserian ganglion dissection, middle meningeal artery section, and eustachian tube and tensor tympani muscle exposure. 1, V1 : ophthalmic division of the trigeminal nerve; 
2, V2 : maxillary division of the trigeminal nerve; 3, V3 : mandibular division of the trigeminal nerve; 4, middle meningeal artery; 5, gasserian ganglion; 6, eustachian tube; 7, tensor tympani muscle; 8, greater superficial petrosal nerve; 9, 
internal carotid artery; 10, geniculate ganglion; 11, cochlea; 12, facial nerve; 13, superior vestibular nerve; 14, superior semicircular canal. 

 

Figure 122-14 Posterior fossa and the middle surface of temporal bone relationships: posterior view as in the retrosigmoid approach. 1, Superior petrosal vein; 2, subarcuate artery; 3, anterior-inferior cerebellar artery (AICA); 4, internal 
auditory artery; 5, cerebellar floccules; 6, choroid plexus; 7, posterior-inferior cerebellar artery (PICA); 8, cerebellar olive; 9, sigmoid sinus; 10, vertebral artery; 11, cerebellar hemisphere; V, CN V (trigeminal); VI, CN VI (abducens); VIII, 
CN VIII (vestibulocochlear); IX, CN IX (glossopharyngeal); X, CN X (vagus); XI, CN XI (spinal accessory); XII, CN XII (hypoglossal). 



 

Figure 122-15 Anterior (rostral) view of the brainstem and the cerebellar hemispheres. 1, Pontine-mesencephalic sulcus; 2, pons; 3, quadrangular cerebellar lobule; 4, cerebellar horizontal fissure; 5, cerebellar floccules; 6, bulbopontine 
sulcus; 7, choroid plexus of the IV ventricle; 8, cerebellar olive; III, CN III; IV, CN IV; V, CN V; VI, CN VI; VII, CN VII; VIII, CN VIII; IX, CN IX; X, CN X; XI, CN XI; XII, CN XII. 

 

Figure 122-16 Lateral view of the posterior cranial base and the jugular foramen region. Posterior fossa and middle fossa craniotomy were performed along with extensive mastoid resection and facial nerve exposure. 1, Transverse sinus; 2, 
sigmoid sinus; 3, superior semicircular canal; 4, posterior semicircular canal; 5, lateral semicircular canal; 6, chorda tympani nerve; 7, CN VII (facial); 8, jugular foramen; 9, tympanic bone; 10, parotid gland; 11, jugular vein; 12, rectus 
lateralis muscle; 13, rectus capitis major; 14, vertebral artery; 15, superior oblique muscle; 16, inferior oblique muscle; 17, CN XI (accessory); 18, CN XII (hypoglossal); 19, internal carotid artery; 20, CN X (vagus). 

 

Figure 122-17 Lateral view of the posterior cranial base and the jugular foramen region. The dura of the posterior fossa was opened and the sigmoid sinus position is well observed. The lateral aspect of jugular foramen (sigmoid portion) was 
removed after ligation of the jugular vein and section of the lateral wall of sigmoid sinus. 1, Sigmoid sinus; 2, semicircular canals; 3, facial nerve, anteriorly displaced; 4, medial wall of the jugular foramen with an opening for the inferior 
petrosal sinus (arrow); 5, CN IX; 6, CN XII; 7, CN XI; 8, CN X; 9, jugular vein (with ligature); 10, internal carotid artery; 11, superior laryngeal nerve; 12, cervical branch of CN XII. 



 

Figure 122-18 Lateral view of the infratemporal region after resection of the superior portion of the ascending ramus of the mandible. The parotid gland and the facial nerve were displaced inferiorly as were the masseter and temporalis 
muscles. The lateral pterygoid muscle was resected to allow visualization of the mandibular nerve (V3 ). 1, Internal carotid artery; 2, jugular vein; 3, external carotid artery; 4, middle meningeal artery; 5, internal maxillary artery entering the 
pterygomaxillary fossa; 6, gasserian ganglion; 7, V3 (mandibular nerve); 8, V2 (maxillary nerve); 9, mandible (ascending ramus); 10, facial nerve, main trunk and divisions at parotid gland; 11, parotid gland; 12, inferior aspect of the external 
carotid artery; X, CN X; XI, CN XI; XII, CN XII; MM, masseter muscle; TM, temporalis muscle. 
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Chapter 123 - NEURAL PLASTICITY IN OTOLOGY

Robert V. Harrison 

INTRODUCTION

For centuries, much has been known about neural plasticity, but that precise term has not always been used to describe the phenomenon. In otology, we have observed recovery of vestibular and auditory function after inner ear insult, calling 
these processes adaptation or rehabilitation. We have observed the significant progress achieved in speech understanding and language development in hearing impaired children fitted with an auditory prosthesis. We have simply called this 
learning to hear. It has been recognized for ages that whatever the lesion or disease, a recovery of function is better achieved in infants than in adults. We now use terms such as age-related plasticity and critical period to express the notion 
that, during early development, neural plasticity is greater and has more potential than in a more mature brain. We also have many obvious examples of the how the adult brain maintains a high degree of neural plasticity. This is manifest in 
the obvious learning and memory mechanisms that humans have throughout life. However, what is most different between the developing brain and the mature brain is the ability of the former to recover function after serious lesions or 
sensory deficits.

Our recent increased awareness about neural plasticity has been fueled by many basic science experiments, which have illustrated clearly how the neural networks in the brain reorganize after various manipulations of sensory input. This 
body of work has been paralleled by even more basic level studies on the neuronal and synaptic mechanisms that can mediate the plastic changes. Scientific reductionism has not stopped there, for we now enter the era of genomics, which 
promises to explain, among other things, how genes control neurotransmitter synthesis and secretion from presynaptic sites, as well as the synthesis and distribution of ion channels of the postsynaptic cell membrane. In this chapter, we will 
not be considering mechanisms at this molecular level of organization; we will concentrate on cellular and systems level physiology.

Scope of This Text

In this chapter, we will review some examples of neural plasticity as they pertain to the auditory system. These will be both laboratory experiments and clinical studies that illustrate neural plasticity at work. For the most part, this chapter 
will concentrate on the auditory system. This system, following perhaps in the wake of pioneering studies in visual and somatosensory systems, has provided much direct knowledge about the neurophysiology of plasticity. This chapter will 
not specifically consider the plasticity in the vestibular system. Plastic change in this system, as manifest in the recovery of balance function after peripheral lesions, is well known to clinicians, and there is extensive literature on the plasticity 
of the vestibular ocular reflex (VOR), both in human and animal experiments. Although we do not consider these in detail, behind the specialized complexity of all sensory organs there lies a brain, whose neural elements tend to follow 
similar rules, independent of their source of excitatory input. In this sense, the examples of auditory system plasticity given in the following sections, and the discourse on basic mechanisms, are as relevant to the vestibular system as they are 
to any other sensory system.

In the following sections, we will carefully define what we mean by plastic change in otology. We will discuss different types of plasticity and introduce the important distinction between developmental plasticity and adult plasticity. We will 
then consider, in some detail, experimental studies that serve to illustrate key aspects of plasticity in the auditory system. This is followed by a review of some important underlying mechanisms of plasticity. We will consider these 
mechanisms at a systems physiology level, and also at more basic cellular and subcellular levels. The review is far from exhaustive, and can be supplemented by
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other coverage. * In the final section, we discuss what this new knowledge about sensory system plasticity means to the otologist or hearing health care professional.

Definition of Plasticity

It is appropriate to define what we mean when we use the term plasticity and also to provide a framework into which our specific interest (plasticity in otology) fits. A broad definition of plasticity, as it pertains to otology, could be expressed 
as "the inherent ability of the auditory (or vestibular system) to modify or reorganize."

The term plasticity is used to cover a wide spectrum of phenomena, and it can mean different things to different people. For example, consider the variety of experimental methods that have been used to reveal plastic change in the auditory 
system. Various anatomic studies have established that plasticity relates to physical change in the brain. Some of the earliest observations made, including the pioneering work of Levi-Montalcini,[30] were of the anatomic changes to auditory 
pathways after experimental lesions to the inner ear. In such studies, cell counts, axonal pathway changes, and alterations to neural structure were observed to follow partial or total auditory deafferentation. Further examples of anatomic 
studies of plasticity in the auditory system are given in a subsequent section.

The research literature also contains many physiologic studies in which short-term or long-term change in central auditory system function has been observed after experimental manipulations to auditory input. In this chapter, a number of 
these studies are presented in detail. The methods for the evaluation of plasticity of auditory function include various electrophysiologic studies in animal models (see later sections) and in humans,[10] [40] as well as functional neuroimaging 
methodologies. The latter include positron emission tomography (PET), functional magnetic resonance imaging (fMRI), and magnetoencephalographic (MEG) studies.[36] [39] 

Finally, there is the plethora of behavioral studies which have monitored hearing performance change after some manipulation of auditory input. These range from systematic, well-controlled psychophysical experiments, through clinical 
outcome studies, to simple posttreatment observations of patients. In regard to this last category, any clinician who has noted an improved sensory function, over time, in a patient with a hearing (or vestibular) loss, or a performance change 
after some intervention, has observed neural plasticity in action.

Time Course of Plastic Change



The term plasticity is currently used in auditory neuroscience to describe phenomena that differ considerably in their time courses. For example, the plasticity is used to describe changes to the auditory system occurring very rapidly, over a 
span measured in minutes, as well as much longer term changes over weeks, months, and even years. As an example of acute plasticity, auditory neuron receptive fields (excitatory and inhibitory frequency tuning curves) have been observed 
to change within tens of minutes after induction of cochlear lesions or partial deafferentation.[8] [50] It is reasonable to suppose that short-term plastic change reflects relatively small scale neural alterations, with subtle synaptic modifications to 
existing neural networks. With such acute observations, initial stages of plastic change may have occurred, but it is unclear whether these changes would be consolidated in the longer term (see "Basic Mechanisms of Plastic Change" section).

More extensive auditory system reorganization appears to occur over a longer time course. This is clear from numerous studies showing a modification of central tonotopic mapping as a result of cochlear lesions or partial deafferentation. [14] 
[15] [16] [24] [42] [49] In these studies, the time course of plastic change appears to be completed over many weeks. In such cases, underlying synaptic strengthening appears to be consolidated. Sometimes very extensive reorganization is observed, 
which suggests that long-term processes such as new axonal growth and synaptogenesis have occurred. To use a "computer age" analogy, short-term plasticity might be considered to be software changes, whereas long-term changes might 
also include hardwiring modifications.

Age-Related Plasticity

Perhaps the most important factor to consider when reviewing studies relating to plasticity is the age, or rather the developmental state, of the subject. As we will see in the following examples, reorganization of tonotopic maps after cochlear 
lesions is significantly different when experimental manipulation is made in the neonate compared with the adult animal. There are numerous other examples of age-related plasticity in the auditory system. Perhaps the most familiar to the 
otologist is the performance of a congenitally deaf child provided with a cochlear implant at an early age, compared with a child implanted at a much later age.[17] Studies such as this and other clinically related aspects of auditory system 
plasticity are explored in the final section of this chapter, where we consider what all this new knowledge about plasticity means to the practitioner.

*References [21] [27] [34] [38] [47] [56] [62] . 
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EXPERIMENTS SHOWING PLASTIC CHANGE IN OTOLOGY

Over the past few decades, a large body of experimental evidence has informed us that the central auditory brain develops and is maintained under the influence of the patterns of neural excitation that originate at the ears. It is definitely not 
the case that we have a central auditory nervous system and independent inner ear sensory organs. Not only does the cochlea send acoustically related signals to the central system, but these activity patterns appear to promote initially the 
development and then the maintenance of the central system. The functions of the periphery and central components are intimately linked, and this is most evident during an early developmental period, when alterations of central neural 
wiring patterns can result from abnormal sensory input.

Historical Background

It is appropriate at this point to mention two pioneering studies that drew attention to the notion that early sensory input has a critical role in central brain development. These two experiments paved the way for many modern studies of 
sensory brain plasticity. The seminal study was in the developing chick auditory system by Levi-Montalcini,[30] who documented the anatomic changes to central auditory pathways after the otocyst of the chick embryo was removed or 
damaged. In later, seemingly unrelated studies, Wiesel and Hubel [63] [64] showed that visual cortical wiring responsible for ocular dominance columns is disrupted in cats if, during an early postnatal period, the animals have had visual input 
from one eye only (i.e., after neonatal monocular deprivation).

These seminal experiments were followed by numerous others in visual, somatosensory, vestibular, and auditory systems. In otologic research, a number of studies revealed the considerable anatomic changes that result from neonatal 
ablation of one cochlea. These changes include loss, or pathologic change, to neurons in brainstem and midbrain[18] [33] [35] and, importantly, the formation of novel innervation patterns, particularly from the cochlear nucleus on the normal side to 
more central nuclei.[28] [29] As an aside, from a clinical perspective, such unilateral ablation studies highlight the importance of bilateral input during early development, and by extrapolation, a balanced input from both ears. This is an important 
"normal condition" for auditory development. One could speculate that central auditory development could be more normal with a symmetrical, mild to moderate sensorineural hearing impairment than with a very asymmetric loss.

Before turning our full attention to the auditory system, we should mention some other relevant studies which were made in other sensory systems. We have already highlighted the visual experiments by Hubel and Wiesel.[63] [64] In addition, 
work in the somatosensory system really pointed the way to analogous experiments in the auditory system. The reorganization of somatosensory maps in cortex after damage or partial deafferentation of the sensory inputs was initially 
demonstrated after whisker removal in young rodents,[58] and after peripheral nerve damage or digit removal in both developing and adult animals. [22] [32] [44] These experiments were significant because they noted reorganization of the cortical 
somatotopic maps, which can be considered, as Merzenich[32] would say, the "mainline functional organization" of this sensory system. These studies also showed that deafferented cortical areas (i.e., no longer receiving input from the 
periphery) become connected to areas corresponding to the border of the peripheral lesion. In terms of cortical space, these border areas become overrepresented. As will become apparent in the following sections, there are considerable 
similarities between the somatosensory data and those from analogous experiments in the auditory system.

Reorganization of Central Tonotopic Maps After Cochlear Lesions

The main experimental studies I have chosen to illustrate "plastic change in otology" are those in which central tonotopic map reorganization occurs after lesions are made to the cochlea. These experiments demonstrate how peripheral 
activity patterns can influence the establishment and maintenance of central frequency maps. In analogy to the central somatotopic projections mentioned previously, tonotopic maps can be considered the mainline organizational feature of 
the auditory system. Thus, in the auditory system, the topographic order of afferent neurons is well maintained from the sensory epithelium of the cochlea up to the cortex.[31] [48] Strictly speaking, we should refer to this projection system as 
cochleotopic, in analogy with the similarly organized retinotopic visual system and the somatotopic pathways of the somatosensory system. The interchangeability of "cochleotopic" and "tonotopic" is possible because of the place coding of 
sound frequency along the cochlear length. However, some caution is advised on the interchangeability of these terms when considering systems having pathologic cochleas; under such conditions, considerable distortion of the normal place 
coding of sound frequency is possible.

To set the scene for the experimental studies that follow, let us consider the normal cochleotopic
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(tonotopic) mapping at the level of the auditory midbrain and cortex.

Figure 123-3 shows a tonotopic map in the primary auditory cortex of a cat, as determined by recording from cortical neurons at several sites.[16] Each data point indicates the microelectrode recording site, and the sound frequency to which 
neuron(s) respond best is indicated in kilohertz. The lower panels indicate how the response of (three) individual neurons is analyzed. Each raster shows the response (spike count) in response to stimuli of different frequency and intensity 
combinations. The isofrequency contours that are drawn through the cortical map are plotted at octave intervals. Similar microelectrode recording techniques were used to determine tonotopic maps in the inferior colliculus of the midbrain. 
Such a map from a normal chinchilla is shown in Figure 123-2, A .[14] 

Tonotopic Map Reorganization in a Developmental Model

Figure 123-1 shows two examples of cortical tonotopic maps in cats treated shortly after birth with the ototoxic aminoglycoside amikacin.[16] This treatment 

 
Figure 123-1 Cortical tonotopic maps that developed in two cats with neonatal basal cochlear lesions. The kittens were treated with the ototoxic aminoglycoside amikacin to produce basal lesions to the cochlea. The effects of such lesions 
are reflected in the ABR-derived audiograms (upper panels). A, In this subject, the cochlear lesion was confined to the basal region. B, In this case, hair cell damage was maximal at the cochlear base, but scattered hair cell loss extended up to 
apical regions. Tonotopic maps are plotted as for Figure 123-3 . Isofrequency contours are at octave intervals. Crosshatching indicates regions in which all neurons have similar tuning properties. (Adapted from Harrison RV and others: Hear 
Res 54:11–19, 1991.) 

 

Figure 123-2 Tonotopic maps in the inferior colliculus (IC; central nucleus) of a chinchilla. All maps were derived from single neuron recordings in electrode tracks along the dorsoventral axis of the IC as shown. Neuron characteristic 
frequency (CF) was derived from receptive field plots similar to those shown in cat experiments of Figure 123-3 . The upper graphs plot neuron CF as a function of electrode excursion. The lower diagrams represent the tonotopic maps; 
isofrequency contours are indicated at octave intervals. A, Results from a normal adult subject. B, In this subject, a basal cochlear lesion was made within days of birth, and the IC tonotopic map was derived 4 months later. In the map, the 
crosshatched area shows the ventral region of IC in which all neurons had a common CF. C, In this subject, the cochlear lesion was made in the adult animal and was mapped 3 weeks later. (Adapted from Harrison RV, Ibrahim D, Mount RJ: 
Exp Brain Res 123:449–460, 1998.) 



 

Figure 123-3 Tonotopic map in normal cat auditory cortex as determined by multiple microelectode recordings. At each indicated electrode position, the frequency tuning of neural units is determined from receptive field raster plots as 
indicated (lower panels; three example neurons). The best frequency of response, or characteristic frequency, is indicated on the tonotopic map in kHz. Isofrequency contours shown are at octave intervals. sf, sylvian fissure; aef, anterior 
ectosylvian fissure; pef, posterior ectosylvian fissure. (Adapted from Harrison RV and others: Hear Res 54:11–19, 1991.) 

 

Figure 123-4 Cortical tonotopic maps in the normal adult chinchilla (A) and in a subject 4 weeks after making cochlear lesions by amikacin treatment. B, Methods for Cortical maps were derived with methods similar to those described for 
Figure 123-1 and Figure 123-3 . Isofrequency contours are octave spaced. The peripheral deficit in the treated chinchilla (B) is reflected in the cochleogram and in the ABR audiogram. The crosshatched area in the abnormal cortical map 
indicates the regions in which most neurons had very similar tuning properties. (Adapted from Kakigi A and others: Audiology 39:153–160, 2000.) 

 

Figure 123-5 A schematic to summarize salient aspects of developmental and adult plasticity experiments, with suggestions for possible neural wiring patterns. Each panel represents the ascending auditory pathway from cochlea to cortex. 
A, Early developmental stage when neural projections between levels have considerable divergence. B, Normally developed projection system. It is characterized by good point-to-point connections between auditory nuclei. C and D, Data 
from subjects after basal cochlear lesions induced neonatally (C) and in an adult (D). 



 

Figure 123-6 Tonotopic maps in auditory cortex of cat. Methods for constructing the maps are the same as those noted for Figure 123-3 . Isofrequency contours are at octave intervals. A, Frequency map is from a normal control subject. B, 
Map is from a cat that spent about 1 month postnatally in an acoustic environment with a constant 8-kHz signal. In both examples, the 8- to 16-kHz octave interval is crosshatched to emphasize the main difference between the subjects. 
Hypothetical wiring patterns, representing the results, are shown below. (Adapted from Stanton SG, Harrison RV: Aud Neurosci 2:97–107, 1996.) 

 

Figure 123-7 Overview of six possible presynaptic or postsynaptic mechanisms for enhancing synaptic efficacy. 1, More presynaptic vesicles undergo exocytois at a release site compared with the normal synapse. 2, An increase in the 
number of release sites. 3, Potentiation of a release site because of an increase in number of vesicles available for release. 4, Increase in the sensitivity of existing postsynaptic receptors. 5, Increase in the number of receptors. 6, 
Synaptogenesis (i.e., new growth of synapic contacts). (Adapted from Wang JH, Ko GY, Kelly PT: J Clin Neuro Physiol 14:264–293, 1997.) 



 

Figure 123-8 The influence of age at implantation on various of speech hearing tests in congenitally or prelingually deaf children using cochlear implants. A, Average performance over time after implantation for TAC (Test of Auditory 
Comprehension) scores. Data are from 73 children divided into groups implanted before and after age 4.4 years (dotted and solid lines, respectively). B, Average performance of children implanted before or after age 4.4 years on the WIPI 
(Word Intelligibility by Picture Identification) test. Data based on 58 subjects. C, Results using GASP (Glendonald Auditory Screening Procedure). Here, data from 82 children are divided into those implanted before or after age 5.6 years. 
(Adapted from Harrison RV and others: Scand Audiol 30 Suppl 53:73–78, 2001.) 
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Chapter 124 - TINNITUS AND HYPERACUSIS

Samuel G. Shiley 
Robert L. Folmer 
Sean O. McMenomey 

INTRODUCTION

Tinnitus represents the perception of sound without an external stimulus. The prevalence of tinnitus ranges from 3% to 30%, depending on the population sampled and how tinnitus is defined.[29] Approximately 40 million people in the United 
States experience chronic tinnitus, but only 25% of these are severely affected.[63] The severity of tinnitus ranges from nearly undetectable to severe and debilitating. Several aspects of tinnitus produce frustration for both the patient and 
treating physician. Tinnitus is usually subjective and perceived only by the patient, making the disorder difficult to evaluate and quantify. Furthermore, the etiology of subjective tinnitus is poorly understood, and there is no "cure" for most 
patients with chronic tinnitus. Nevertheless, there is a wide array of strategies to reduce the severity of tinnitus, and these can dramatically improve the patient's quality of life.

This chapter is divided into two sections. In the first, etiologies of tinnitus are discussed, along with diagnostic strategies to identify potentially treatable causes of tinnitus. Surgical management for known and unknown etiologies of tinnitus 
will be described. The second section focuses on the nonsurgical treatment of patients with subjective tinnitus. In this section, the multidisciplinary approach to tinnitus is described along with the myriad options for nonsurgical management.

CLASSIFICATION

Tinnitus can be characterized as subjective or objective, differentiated by the ability of the examiner to perceive the tinnitus. Tinnitus can also be classified as pulsatile or nonpulsatile on the basis of the quality of the sound perceived by the 
patient. Pulsatile tinnitus suggests a vascular etiology and can be either subjective or objective. Nonpulsatile tinnitus is almost exclusively subjective in nature. Several authors have suggested classification systems to categorize tinnitus, 
incorporating aspects of the quality of tinnitus along with the impact on the patient. A recent example is that proposed by Nodar in 1996.[55] No single classification system has gained widespread acceptance. For the general otolaryngologist, 
the simple categories of subjective vs objective and pulsatile vs nonpulsatile are helpful in guiding the diagnostic evaluation and management of tinnitus.

PULSATILE TINNITUS

Pulsatile or noncontinuous tinnitus most often originates from vascular structures of the head and neck. This is particularly true when the sound correlates with the patient's arterial pulse. When noncontinuous tinnitus does not correlate with 
the heartbeat, nonvascular etiologies such as palatal myoclonus are more likely. Tinnitus caused by vascular structures is believed to represent transmitted sound from blood flow that is turbulent, increased, or passing through a stenotic 
lumen.[70] Vascular tinnitus may be caused by arterial or venous structures, many of which are quite rare. Box 124-1 lists potential etiologies of pulsatile tinnitus, and Table 124-1 details the relative frequency of etiologies on the basis of 
Sismanis' 15-year experience.[69] The discussion that follows introduces the common causes of pulsatile tinnitus.

Pseudotumor Cerebri

Pseudotumor cerebri (benign intracranial hypertension) is a disorder of unknown etiology most often seen in young, obese female patients. In the experience of Sismanis (see Table 124-1 ), this syndrome is one of the most common causes of 
pulsatile tinnitus. The condition is characterized by elevated intracranial pressure (ICP) without hydrocephalus or focal
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TABLE 124-1 -- RELATIVE FREQUENCY OF PULSATILE TINNITUS ETIOLOGIES

Etiology No.

Increase intracranial pressure 56

BIH syndrome (pseudotumor cerebri)  

Possible BIH syndrome * 4

Lupus erythematosus 2

Hydrocephalus Sylvius aqueduct stenosis 1



ACAD 24

Glomus tumors 17

Otosclerosis 4

Hypertension  

Taking enalapril maleate 3

Taking verapamil 2

Cardiogenic (murmur) 4

Tortuous vessels  

Internal carotic artery 3

Basilar artery 3

Arteriovenous fistula 3

Aneurysm internal carotic artery 2

Anemia 1

Auditory muscle myoclonus 1

Vascular loop 1

Angioma of cerebellum 1

Idiopathic 13

Total 145

BIH, benign intracranial hypertension; ACAD, atherosclerotic carotid artery disease.

(From Sismanis A, Am J Otol 19:474, 1998.)
*Not confirmed with lumbar puncture and CSF measurement. 

 
 
 
neurologic signs other than occasional involvement of cranial nerves IV, V, and VII. Along with pulsatile tinnitus, other common presenting symptoms include headache, visual changes, and dizziness. Pulsatile tinnitus in this disorder is 
thought to result from cerebrospinal fluid (CSF) pulsations being transmitted to dural venous sinuses causing turbulent blood flow within the dural sinuses.[68] Typically, the syndrome has a benign and self-limited course, but it can become 
chronic in 25% of patients.[71] 

 
 

Box 124-1. ETIOLOGIES OF PULSATILE TINNITUS

Arterial etiologies 
 
Arteriovenous fistula (AVF) or malformation (AVM) 
 
Paraganglioma (glomus tympanicum or jugulare) 
 
Carotid artery stenosis 
 
Other atherosclerotic disease (subclavian, external carotid) 
 
Arterial dissection (carotid, vertebral) 
 
Persistent stapedial artery 
 
Intratympanic carotid artery 
 
Vascular compression of eighth cranial nerve 
 
Increased cardiac output (pregnancy, thyrotoxicosis) 
 
Intraosseous (Paget's disease, otosclerosis) 
 



Venous etiologies 
 
Pseudotumor cerebri 
 
Venous hum 
 
Jugular bulb anomalies 
 
Nonvascular etiologies 
 
Palatal myoclonus 
 
Tensor tympani or stapedius muscle myoclonus 
 
Vascular neoplasms of skull base and/or temporal bone 
 

 
 
Vascular Neoplasms

Paragangliomas (glomus tumors) are vascular neoplasms that arise from paraganglia. In cases of glomus tympanicum or glomus jugulare, pulsatile tinnitus is present in 80% of patients at presentation.[35] Glomus tympanicum tumors arise 
along the course of Jacobsen's nerve, most commonly on the promontory of the middle ear. These tumors are often visible as a reddish pulsatile mass seen medial to the tympanic membrane on otoscopy. Glomus jugulare tumors arise from 
the paraganglia within the adventitia of the jugular bulb. They may be confined to the jugular fossa or extend into the middle ear, where they can be visualized on otoscopy. Less common vascular neoplasms leading to pulsatile tinnitus 
include hemangiomas of the middle ear and facial nerve.

Vascular Malformations

Pulsatile tinnitus may result from abnormal communications between the arterial and venous systems. These abnormalities may be congenital arteriovenous malformations (AVMs)[22] or acquired arteriovenous fistulae (AVF). Dural AVMs or 
AVFs are among the most common causes of pulsatile tinnitus in the setting of a normal otoscopic examination.[59] Dural AVFs most commonly involve the transverse and sigmoid sinuses, followed by the cavernous sinus.[81] The formation of 
a dural AVF is likely initiated by dural venous sinus thrombosis that occurs spontaneously or results from infection, trauma, neoplasm, or surgery. During recanalization of the sinus, arterial ingrowth occurs, leading to AVFs. Dural AVFs 
may lead to intracranial hemorrhage, with a high associated mortality rate.[7] For this reason, the physician must have a high index of suspicion for dural AVFs and obtain the appropriate diagnostic studies to identify this lesion.

Atherosclerotic Disease

Pulsatile tinnitus may result from atherosclerosis at various sites, including internal carotid (ICA), external carotid (ECA), subclavian, and brachiocephalic arteries. Carotid artery stenosis in particular is a common cause of pulsatile tinnitus, 
which results from turbulent blood flow through the stenotic lumen.
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Typically, the patient will have risk factors for atherosclerosis and possibly other sequelae from atherosclerotic disease. A carotid bruit can usually be auscultated in such patients. Atherosclerosis can also affect intracranial branches of the 
carotid system and lead to pulsatile tinnitus.

Other Arterial Anomalies

A variety of rare arterial anomalies can lead to pulsatile tinnitus. The congenital vascular anomalies, persistent stapedial artery and "aberrant" carotid artery, are two examples. The stapedial artery is a normal fetal artery that courses across 
the promontory then exits the middle ear to supply the territory of the middle meningeal artery. When the stapedial artery fails to regress before birth, the middle meningeal artery and foramen spinosum do not develop. The persistent 
stapedial artery may lead to pulsatile tinnitus and often can be visualized on otoscopy as a red, pulsatile middle ear mass. Aberrant carotid artery occurs when the cervical ICA does not develop. Instead, the inferior tympanic artery enlarges, 
forms an anastomosis with the caroticotympanic artery in the middle ear, then enters the petrous carotid canal following the normal course of the ICA. A normal ICA can also be dehiscent with herniation into the middle ear. Both a dehiscent 
carotid and "aberrant" carotid can present with tinnitus and a red, pulsatile mass on otoscopy.

Spontaneous or traumatic dissection of the ICA and/or vertebral arteries can lead to pulsatile tinnitus. Patients with arterial dissection typically are seen with cerebral ischemic symptoms, but pulsatile tinnitus can be the sole presenting 
symptom.[26] Aneurysms including petrous carotid aneurysms are another rare cause of pulsatile tinnitus. Direct compression of the cochlear nerve in the internal auditory canal (IAC) may also be a cause of pulsatile tinnitus. Specifically, it is 
believed by some authors that "vascular loops" of the anterior inferior cerebellar artery (AICA) may cause pulsatile tinnitus when in contact with the eighth cranial nerve. Other authors, however, have demonstrated that contact between 
AICA and the eighth nerve is often a normal finding without associated symptoms.[46] 

Venous Anomalies

The jugular bulb extends into the middle ear in 3.5% to 7% of cases as documented by imaging and postmortem studies.[56] When its superior aspect lies above the tympanic annulus, it is considered "high-riding." In these situations, when it is 
dehiscent in the middle ear, it can often be seen as a bluish mass on otoscopy. High-riding jugular bulbs are frequently associated with pulsatile tinnitus and often with conductive hearing loss as well.

A jugular diverticulum extends from the bulb toward the petrous apex and is much less common but occurs three times more commonly in women.[56] Although they are sometimes associated with pulsatile tinnitus,[15] their main clinical 



importance is that they create marked technical difficulties in transtemporal approaches to the internal auditory canal and posterior cranial fossa and can be responsible for severe hemorrhage that is difficult to control.

In a third group of patients, the most likely cause of pulsatile tinnitus is turbulent blood flow in the sigmoid sinus or jugular bulb region. These patients typically are women between the ages of 30 and 50 years, and usually the pulsatile 
tinnitus is unilateral and on the right side. The dural venous sinuses and jugular vein are right-sided dominant in 75% of individuals, and for unknown reasons, it is postulated that flow turbulence begins on the dominant side in these 
individuals. The term venous hum is often used to designate such patients.

On physical examination, a jugular venous cause of pulsatile tinnitus can be suspected when light pressure over the ipsilateral jugular vein obliterates the tinnitus or turning the head to one side accentuates the tinnitus while turning it to the 
opposite diminishes or obliterates it. All these venous abnormalities are easily demonstrated on computed tomography (CT) scans, but it is important to note the size of the opposite jugular venous system and jugular bulb, as well as to rule 
out any other obvious causes such as a glomus tumor.

Other Systemic Disorders Causing Pulsatile Tinnitus

Conditions of high cardiac output including pregnancy, anemia, and thyrotoxicosis may lead to pulsatile tinnitus. Paget's disease, when the temporal bone is affected, may lead to pulsatile tinnitus owing to intraosseous arteriovenous shunts. 
Tinnitus in the setting of otosclerosis may also be pulsatile. The overall incidence of tinnitus in otosclerosis is 56% to 79%.[2] [11] In a review of 62 patients with otosclerosis, Ayache[2] noted that tinnitus was noncontinuous in 56.2%. The 
pathophysiology of tinnitus in otosclerosis is thought to be variable, with separate mechanisms leading to different tinnitus characteristics. When tinnitus is pulsatile, the origin may be the vascularity of the abnormal bone foci in a mechanism 
similar to Paget's disease.

Nonvascular Etiologies

Myoclonic contractions of the palatal musculature and the stapedius and tensor tympani muscles can cause noncontinuous tinnitus. The tinnitus does not correlate with the patient's pulse and can have a frequency ranging from 10 to 240/
minute. [62] The tinnitus
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resulting from myoclonus is often described as clicking or snapping. Myoclonus often occurs in the setting of neurologic disorders such as multiple sclerosis and brainstem infarcts. Tinnitus is also observed in the setting of 
temporomandibular joint disease, although the mechanism is not well understood.

NONPULSATILE TINNITUS

Nonpulsatile tinnitus is typically subjective and represents the most common form of tinnitus. Most cases are associated with hearing loss, but tinnitus can occur with normal hearing. Occasionally, an underlying structural lesion (e.g., 
acoustic neuroma) or otologic disease (e.g., Ménière's disease) is identified as a cause of the tinnitus. More often, tinnitus and hearing loss occur together without associated conditions or structural lesions. In such cases, the symptoms are 
attributed to damage caused by noise exposure, ototoxic agents, or other insults to the ear. The exact pathophysiology of subjective tinnitus, however, is poorly understood. The inciting event after exposure to excessive noise or an ototoxic 
agent is thought to be direct injury to the hair cells. Whether the resulting tinnitus is generated by the cochlea, auditory nerve, or central nervous system (CNS), however, is unknown.

There is increasing evidence to suggest that tinnitus is generated in the CNS as a result of deprivation of input or abnormal input from the ear. Through neuronal plasticity, alterations in neuronal input may lead to structural or functional 
changes in the CNS that may in turn cause tinnitus.[39] [44] [52] Such CNS changes may include alterations in the nuclei of the ascending auditory pathways [39] or redirection of auditory input to CNS regions outside of classical auditory pathways.[44] 
[52] Both forms of CNS change could produce neuronal hypersensitivity and/or hyperactivity that manifests as tinnitus.

DIAGNOSIS OF TINNITUS

History

When gathering a history from a patient with tinnitus, several questions help to better define the symptoms. The patient should be asked to describe the sound itself, its loudness and pitch, and where the sound is perceived. The duration of 
symptoms should be assessed along with any change that has occurred over the course of the disease. The patient should be questioned regarding any other otologic symptoms such as hearing loss, vertigo, otalgia, or otorrhea. The tinnitus 
severity should be discussed, focusing specifically on how the symptom has impacted the patient's life. A full neurotologic history should be obtained in an effort to identify any potential precipitating factors. This includes questions 
regarding noise exposure, use of ototoxic agents, head trauma, CNS infections, family history of otologic disease, and previous otologic surgery. A complete medical review of systems should also be obtained.

Physical Examination

Physical examination in the setting of tinnitus should include a full head and neck examination. As part of this, a complete neurotologic examination should be performed, including otoscopy, tuning fork examination, and tests of cranial 
nerve function. Most patients with tinnitus will have a normal neurotologic examination except for hearing loss. In the setting of pulsatile tinnitus, however, otoscopy may reveal a middle ear mass representing one of the several vascular 
causes of tinnitus discussed previously. A full examination of the patient with pulsatile tinnitus should also include auscultation of the ear canal, periauricular region, orbits, and neck to assess for bruits. When objective pulsatile tinnitus is 
appreciated, its rate should be compared with the patient's pulse. In addition, the effect of light digital pressure over the internal jugular vein should be assessed when pulsatile tinnitus is present and any effects of turning the head to one side 
and then the other. In cases of pseudotumor cerebri and pulsatile tinnitus of venous origin, this maneuver will cause the tinnitus to subside. When tinnitus is caused by palatal myoclonus, the examiner may observe contractions of the soft 
palate. In cases of tensor tympani myoclonus, rhythmic movements of the tympanic membrane may be seen.

Additional Diagnostic Studies

The initial evaluation of tinnitus should include audiologic testing with pure-tone and speech audiometry. Significant asymmetry along with complaints of unilateral tinnitus should alert the physician about the possibility of cerebellopontine 
angle (CPA) pathology. Other underlying etiologies such as otosclerosis, Ménière's disease, or noise-induced hearing loss may also be suggested by the audiogram.



When tinnitus is caused by myoclonic muscle contractions, an underlying neurologic disorder may be present. In such cases, neurologic consultation should be obtained for further assessment. Similarly, neurologic consultation should be 
pursued in cases of suspected pseudotumor cerebri. This diagnosis is confirmed by lumbar puncture and documentation of CSF pressure >200 mm H2 O.

Radiologic Testing

In patients suspected of having atherosclerotic disease as the source of tinnitus, a carotid ultrasound should be obtained. If carotid artery stenosis is identified, the appropriate consultation should be pursued for management. For the remainder 
of patients with tinnitus,
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there is no universally accepted algorithm for radiologic evaluation. Algorithms have been suggested by various authors, including Sismanis[70] and Shin.[65] In the case of nonpulsatile tinnitus, imaging should be obtained when there is concern 
for a tumor of the CPA suggested by unilateral symptoms or asymmetry noted on audiologic testing. A gadolinium-enhanced magnetic resonance imaging (MRI) study is the modality of choice to evaluate the IAC and CPA.[81] When 
underlying neurologic disease such as multiple sclerosis is suspected, an MRI of the brain may be helpful to identify associated CNS lesions. For most patients with nonpulsatile subjective tinnitus and no asymmetric findings, no imaging is 
necessary.

In the case of pulsatile tinnitus with normal otoscopy, there is no universal agreement on the initial imaging study to obtain. Some authors recommend contrast-enhanced CT as the initial study of choice because of its ability to reveal 
evidence of many vascular causes of tinnitus. Paragangliomas are suggested by CT findings of jugular fossa erosion or a middle ear mass. Vascular anomalies such as aberrant carotid or persistent stapedial artery may be seen directly on CT 
or suspected on the basis of absent foramen spinosum. CT has been noted to be less sensitive for diagnosing other vascular lesions such as dural AVFs.[65] For this reason, other authors recommend initial screening with magnetic resonance 
angiography and venography (MRA/MRV) in conjunction with a brain MRI.[65] [70] Shin[65] reported superior sensitivity of MRI/MRA/MRV compared with CT in diagnosing vascular abnormalities, including dural AVFs. There are reports of 
dural AVFs missed by MRI studies, however, and conventional angiography remains the "gold standard" for diagnosing these lesions. [41] [65] The potential morbidity of an untreated dural AVF is significant, and delay in diagnosis seems to 
increase the likelihood of therapeutic complications.[64] For these reasons, when CT and/or MRI studies are normal in a patient with objective tinnitus (i.e., bruit auscultated on examination of ear canal and periauricular region), the patient 
should undergo angiography.[65] [81] 

SURGICAL MANAGEMENT OF TINNITUS

Overview

Treatment of tinnitus can be separated into two categories: (1) treatment designed to eliminate tinnitus; and (2) treatment aimed at reducing the severity of tinnitus. When an anatomic lesion or systemic disorder is the cause of tinnitus, it may 
be possible to eliminate the tinnitus by treating the underlying disorder. Unfortunately, this scenario constitutes the minority of cases. The most common form of tinnitus, such as that arising after noise exposure or another insult to the inner 
ear, does not represent pathology that can be directly corrected with surgery. Nevertheless, operations have been described that address this form of tinnitus, and these will be described later.

Pulsatile Tinnitus

Vascular Causes

Surgical management of tinnitus with a vascular etiology is directed at correcting the underlying anatomic lesion. In the setting of carotid artery stenosis, resolution of pulsatile tinnitus has been reported after carotid endarterectomy. [6] 
Optimal management for patients with glomus tumors is surgical resection.[35] Stereotactic radiosurgery is a useful option for poor surgical candidates and patients with recurrent tumors or residual disease after surgery. Radiotherapy has been 
shown to reduce growth of glomus tumors,[9] but the persistent lesion may cause continued symptoms including tinnitus. In Jordan's[38] review of eight patients undergoing stereotactic radiosurgery for glomus jugulare tumors, only 37.5% of 
patients experienced improvement in pulsatile tinnitus.

Treatment of dural AVFs varies among institutions. Options for treatment include arterial compression exercises,[24] surgical obliteration, transarterial or transvenous embolization, and stereotactic radiosurgery. In a review of 41 patients with 
pulsatile tinnitus and dural AVFs, Shah and others[64] described a treatment algorithm based on grading of the lesion. Compression exercises were used for the earliest, low-grade lesions, with use of transarterial or transvenous embolization 
for persistent or more advanced lesions. High-grade lesions were treated with combined therapy by use of embolization and surgical obliteration of the fistula. Resolution of symptoms occurred in 82% of patients with this algorithm. 
Morbidity after treatment dramatically increased with more advanced lesions, highlighting the importance of early diagnosis of dural AVFs. Friedman and others[21] reported the use of combined stereotactic radiosurgery and transarterial 
embolization for 22 patients with dural AVFs and pulsatile tinnitus. Complete resolution of tinnitus occurred in 86% of patients, with an additional 9% experiencing improvement.

Surgical correction of a "high-riding" jugular bulb has been reported sporadically.[23] [58] Rouillard and others[58] reported a patient whose pulsatile tinnitus resolved after reduction of a high jugular bulb and repair of the bony defect with septal 
cartilage. As detailed previously, "venous hum" refers to idiopathic pulsatile tinnitus attributed to turbulent flow within the transverse-sigmoid-jugular venous system. Various reports have described ligation of the internal jugular vein as a 
potential treatment for venous hum.[53] The results of this procedure have been inconsistent, however, and several cases have led to intracranial hypertension with visual loss and other
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neurologic symptoms.[70] Jackler and others[34] and Sismanis[70] have advised against this procedure as a treatment for pulsatile tinnitus, citing its poor efficacy and potential for adverse outcomes.

In patients with pseudotumor cerebri, it is thought that pathophysiologic changes caused by obesity lead to elevated ICP. Increased ICP in turn leads to transmission of CSF pulsations to dural venous sinuses and turbulent flow within these 
sinuses. Treatment is therefore directed at reducing ICP and/or weight loss. Reduction of ICP may be attempted with medications such as acetazolamide and furosemide or CSF diversion techniques such as lumbar-peritoneal shunts.[70] Weight 
reduction surgery has been effective in reducing symptoms for patients with this condition. In a series of 16 patients with pseudotumor cerebri, Michaelides and others[50] noted complete resolution of pulsatile tinnitus in 81% of patients who 
underwent weight reduction surgery.

Other



As described previously, most patients with otosclerosis have tinnitus at presentation. In patients with preoperative tinnitus, Ayache and others [2] noted cessation of tinnitus in 55.9%, improvement in 32.4%, no change in 8.8%, and worsening 
in 2.9% after stapes surgery. Del Bo and others[11] reported that 15 years after stapes surgery, 70% of patients with preoperative tinnitus no longer had the symptom.

Nonpulsatile Tinnitus

In contrast to pulsatile tinnitus, surgical management of nonpulsatile tinnitus is often not directed at a specific lesion. An exception to this involves surgery to remove acoustic neuromas. Tinnitus is present preoperatively in 43% to 75% of 
patients with acoustic neuroma.[28] Several authors have noted that tinnitus may worsen, remain unchanged, improve, or resolve completely after acoustic neuroma surgery.[1] [18] [45] No significant differences have been noted when comparing 
tinnitus outcome after different surgical approaches.[28] [67] Catalano and others[8] assessed 51 patients who underwent hearing preservation surgery for acoustic neuromas and noted that tinnitus outcome is superior when useful hearing is 
preserved. In patients with tinnitus preoperatively, 40% had the symptom after the operation when hearing was preserved vs 62% when hearing was not preserved. In those without preoperative tinnitus, none had the symptom postoperatively 
when hearing was preserved, but 33% had new-onset tinnitus when hearing was not preserved.

Various authors have also described reduction of tinnitus after surgery for Ménière's disease. In Dandy's review of 401 patients treated with eighth nerve sectioning for Ménière's disease, 50% reported improvement in tinnitus.[10] Pulec[57] 
reported complete relief of tinnitus in 67% (101 of 151) of patients after cochlear nerve section, and most of these patients had Ménière's disease. Endolymphatic shunt placement is often effective in reducing tinnitus in the Ménière's 
population, as shown by Welling's[82] analysis of Thomsen's[75] original data. Welling demonstrated significant improvement in tinnitus when comparing postoperative tinnitus scores to preoperative scores (P = .008) and to postoperative scores 
of the placebo group that underwent mastoidectomy alone (P = .028). A variety of transtympanic treatments have been described for Ménière's disease, and these have typically provided long-term tinnitus relief for 50% to 60% of patients.[30] 

A variety of surgical procedures have also been described for treating tinnitus without a known anatomic lesion or underlying otologic condition. Examples include sectioning[43] or chemical ablation [76] of the tympanic plexus, 
cochleovestibular neurectomy (CVN),[66] cochlear neurectomy,[80] vascular decompression,[49] and others. High rates of efficacy have been demonstrated in small case reports of such procedures, but results are typically not reproduced by other 
authors or confirmed by larger series. At present, no operation has been universally accepted as a first-line treatment for tinnitus. As detailed in the section that follows, a growing body of evidence reveals that cochlear implantation often 
reduces tinnitus in patients with severe to profound hearing loss.

Cochlear Implantation

Up to 90% of patients undergoing cochlear implantation experience tinnitus preoperatively.[32] [33] During initial investigations of cochlear implant efficacy, the secondary benefit of tinnitus suppression was noted by various authors.[5] [77] In 
recent years, several authors have specifically evaluated the aspect of tinnitus suppression in cochlear implant users.[39] [60] [72] Interpretation of results and comparison of such studies is complicated by variability in methods. In patients affected 
by tinnitus preoperatively, 34% to 93% will experience tinnitus suppression after cochlear implantation according to Miyamoto's[51] recent literature review. The wide range in rates of suppression reflects variability in instruments used to 
assess tinnitus severity and what constitutes "suppression" in such studies. At present, no study has evaluated the efficacy of cochlear implantation performed strictly for the indication of tinnitus.

Ruckenstein and others[60] recently assessed tinnitus suppression after cochlear implantation in 38 patients. A researcher-designed scale was used, rating tinnitus severity on the basis of its impact on the patient (1 = none to 5 = debilitating). 
Preoperatively, all patients had tinnitus, and 55% had severe or debilitating tinnitus. After implantation, 95% of patients experienced
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reduction in tinnitus severity, and 45% had complete suppression. No differences were noted in degree of tinnitus suppression when different devices were compared. In Souliere's[72] report, approximately 50% of patients experienced 
significant reduction of tinnitus severity after implantation. This study distinguished between ipsilateral and contralateral tinnitus and found the degree of tinnitus suppression to be similar. It was also noted that patients with more severe 
tinnitus preoperatively had a greater reduction in severity after implantation.

NONSURGICAL MANAGEMENT OF TINNITUS

If a clinician has assessed and treated every reasonable medical cause for a patient's tinnitus, and the patient reports little improvement in tinnitus severity, referral to a comprehensive tinnitus management program should be considered. For a 
certain number of patients with severe tinnitus, only a specialized management program can help them to improve their condition.

TINNITUS SEVERITY

According to Seidman and Jacobson,[63] approximately 40 million people in the United States experience chronic tinnitus. However, only 25% of these people consider their tinnitus to be a significant problem. Hazell[27] reported that 17% of the 
population in the United Kingdom has chronic tinnitus, but only 14% of those people experiencing tinnitus said that it bothers them a great deal.

What differentiates most people who are not bothered by tinnitus from the minority who perceive it as a significant, even debilitating problem? Is it the matched loudness, pitch, or other qualities of the sound(s) they hear? Several studies 
have demonstrated that tinnitus severity is not correlated with any of these psychoacoustic parameters.[3] [19] [47] As House[31] stated: "The same level of tinnitus may be described by one patient as intolerable and by another as barely noticeable."

Tinnitus severity can be defined and quantified several ways: by how much or how often a patient is bothered by tinnitus; by how much or how often tinnitus detracts from the patient's enjoyment of life; or by how disabling patients perceive 
their tinnitus to be. Instruments such as the Tinnitus Handicap Questionnaire, [42] the Tinnitus Severity Index,[48] and the Tinnitus Handicap Inventory have been developed to assess tinnitus severity. Even though all these questionnaires provide 
reliable assessments of tinnitus severity, the Tinnitus Severity Index is the easiest to administer and score because of its brevity (see Appendix 1 ).

The severity of tinnitus is often correlated with coincident symptoms such as insomnia,[18] anxiety,[19] and depression.[20] These symptoms can form a vicious circle and exacerbate each other as illustrated in Figure 124-1 . Tinnitus is not always 
the starting point of this cycle. The cycle can begin at any point and progress in any direction. Some patients experienced depression, insomnia, or anxiety before their tinnitus began. Patients report that an increase in these factors can cause 
their tinnitus to seem worse. In these cases, identification and effective treatment of depression, insomnia, and anxiety is necessary. A combination of medication and/or psychotherapy will typically reduce the severity of these symptoms and 
associated tinnitus.[16] 

TINNITUS MANAGEMENT GOALS



Duckro and others[14] wrote "As with chronic pain, the treatment of chronic tinnitus is more accurately described in terms of management rather than cure." The goal of nonsurgical tinnitus management is not necessarily to mask or remove the 
patient's physical perception of tinnitus. In many cases, this is not possible. Successful tinnitus management enables patients to pay less attention to their tinnitus. An effective tinnitus management program helps patients to understand and 
gain control over their tinnitus, rather than allowing tinnitus to control them. The ultimate goal of tinnitus management is to reduce the severity of tinnitus for each patient.

TINNITUS MANAGEMENT PROGRAM

Because each patient with tinnitus has a unique medical, psychological, and social history, management programs should be individualized. In fact, the most successful tinnitus management programs use multimodal strategies that are 
designed to address the specific needs of each patient.[14] [74] Effective tinnitus management programs include the following elements.

Tinnitus Management Team

It is preferable for the program to have a tinnitus management team, rather than one clinician. Depending on the clinical expertise required to help a particular patient, a tinnitus management team might be composed of an otolaryngologist, 
an audiologist, a 

 
Figure 124-1 A vicious circle of symptoms. 

 

Figure 124-2 Factors that can increase tinnitus loudness. 

 

TABLE 124-2 -- MEAN RESPONSES TO QUESTIONNAIRES BY 190 PATIENTS

 Initial Follow-up P<

Self-rated loudness of tinnitus (on a 1–10 scale) 7.06 ± 1.76 6.47 ± 1.93 .0001 * 

DOES YOUR TINNITUS...    

Make you feel irritable or nervous? 3.37 ± 1.02 2.98 ± 1.01 .0001 * 

Make you feel tired or stressed?    

Make it difficult for you to relax? 3.39 ± 1.10 3.03 ± 0.99 .0001 * 

Make it uncomfortable to be in a quiet room? 3.42 ± 1.04 3.05 ± 0.99 .0001 * 

Make it difficult to concentrate?    

Make it harder to interact pleasantly? 3.40 ± 1.20 3.49 ± 1.04 ns



Interfere with required activities? 3.46 ± 0.99 3.06 ± 0.99 .0001 * 

Interfere with social activities?    

Interfere with overall enjoyment of life? 3.15 ± 1.10 2.77 ± 1.11 .0001 * 

Interfere with sleep? 2.95 ± 1.15 2.49 ± 1.13 .0001 * 

 3.17 ± 1.13 2.74 ± 1.15 .0001 * 

 3.32 ± 1.06 2.79 ± 1.14 .0001 * 

 2.11 ± 0.72 1.94 ± 0.74 .002 * 

How much effort is it to ignore tinnitus? 2.86 ± 0.87 2.43 ± 0.93 .0001 * 

How much discomfort do you usually experience when tinnitus is present? 2.98 ± 1.03 2.52 ± 0.94 .0001 * 

Total tinnitus severity index score 37.58 ± 9.00 33.29 ± 9.60 .0001 * 

*Statistically significant improvement. 

 
 
 
patterns or Beck Depression Inventory scores exhibited greater reductions of tinnitus severity scores than patients who continued to experience insomnia and depression at follow-up (see Table 124-3 and Table 124-4 ).

 
TABLE 124-3 -- TINNITUS SEVERITY INDEX SCORES: EFFECTS OF CHANGES IN SLEEP PATTERNS

 Initial Follow-up P<

51 patients whose sleep patterns improved 40.47 ± 8.31 31.25 ± 8.35 .0001 * 

26 patients whose sleep patterns worsened 38.27 ± 8.43 40.88 ± 9.82 ns

113 patients whose sleep patterns stayed the same on initial and follow-up questionnaires 35.93 ± 9.52 33.09 ± 9.85 .005 * 

*Statistically significant improvement. 

 
 
 
 

TABLE 124-4 -- TINNITUS SEVERITY INDEX SCORES: EFFECTS OF CHANGES IN BECK DEPRESSION SCORES

 Initial Follow-up P<

28 patients whose Beck Depression score decreased by 3 or more points 43.46 ± 6.96 32.89 ± 8.87 .0001 * 

50 patients whose Beck Depression score increased by 3 or more points 41.08 ± 8.07 40.79 ± 9.28 ns

112 patients whose follow-up Beck Depression score stayed within 0–2 points of their initial score 34.42 ± 9.75 30.76 ± 9.89 .0002 * 

*Statistically significant improvement. 

 
 
 
HYPERACUSIS

The term hyperacusis is sometimes used to denote painful sensitivity to sounds that is not necessarily correlated with audiometric thresholds.[12] Katzenell and Segal [40] stated that hyperacusis is "increased sensitivity
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to sound in levels that would not trouble a normal individual." Jastreboff and Jastreboff [36] defined hyperacusis as "abnormally strong reactions occurring within the auditory pathways resulting from exposure to moderate sound; as a 
consequence, patients express reduced tolerance to suprathreshold sounds. This phenomenon may be, but typically is not, related to recruitment." Between 25% and 40% of patients with hyperacusis also experience chronic tinnitus.

Hypersensitivity to everyday sounds leads some patients to develop phonophobia. Patients with hyperacusis/phonophobia often spend an inordinate amount of time monitoring sound levels in their immediate environment. Some of these 
people mistakenly believe that exposure to even low-level sounds can cause additional damage to their hearing. Most patients with severe hyperacusis overprotect their ears by wearing earplugs or earmuffs (or both) much of the time. 
Overuse of earplugs or earmuffs on a daily basis can lead to further hypersensitization of the patient's auditory system. A vicious circle of overprotection, hyperacusis, and phonophobia develops.

Each patient with hyperacusis should first receive an otolaryngologic examination and audiometric testing. Patients should receive detailed information, education, and directive counseling regarding their hearing and hyperacusis. A program 
of auditory desensitization should then be initiated. Patients should be encouraged to wean themselves away from wearing earplugs or earmuffs in environments that do not necessitate this type of hearing protection. In-the-ear sound 
generators are a convenient way to deliver continuous, low levels of sound to hyperacusis patients. Patients should be encouraged to increase socialization, resume employment if they are able, and to rejoin society as soon as possible.



It is possible for patients to break the cycle of hyperacusis and phonophobia. One approach that has helped many hyperacusis patients is part of Tinnitus Retraining Therapy (TRT). TRT protocols can be customized to address hyperacusis 
specifically and the particular circumstances of each patient.[36] TRT is a process that combines patient education, directive counseling, reassurance, and sound therapy. These procedures can improve the quality of life for patients who have 
tinnitus and/or hyperacusis. Because these patients' symptoms are often complex and develop over the course of several years, a considerable time commitment is necessary to facilitate improvement. TRT does not necessarily provide a 
"cure" for tinnitus or hyperacusis, but its principles can be used to design and implement individualized management programs that provide help and relief for patients with these symptoms.
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DIRECTIONS: For the questions below, please CIRCLE the number that best describes you.

 Never Rarely Sometimes Usually Always

Does your tinnitus

•1. Make you feel irritable or nervous? 1 2 3 4 5



•2. Make you feel tired or stressed? 1 2 3 4 5

•3. Make it difficult for you to relax? 1 2 3 4 5

•4. Make it uncomfortable to be in a quiet room? 1 2 3 4 5

•5. Make it difficult to concentrate? 1 2 3 4 5

•6. Make it harder to interact pleasantly with others? 1 2 3 4 5

•7. Interfere with your required activities (work, home, care, or other responsibilities)? 1 2 3 4 5

•8. Interfere with your social activities or other things you do in your leisure time? 1 2 3 4 5

•9. Interfere with your overall enjoyment of life? 1 2 3 4 5

10. Interfere with your ability to sleep? 1 2 3 4 5

11. How much of an effort is it for you to ignore tinnitus when it is present? 1 2 3 4 5

12. How often do you have difficulty ignoring your tinnitus? 1 2 3 4 5

On the scale below, please CIRCLE the number that best describes the loudness of your usual tinnitus.

1 2 3 4 5 6 7 8 9 10

Very quiet    Intermediate    Very loud
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Chapter 125 - MANAGEMENT OF TEMPORAL BONE TRAUMA

Hilary A. Brodie 

EPIDEMIOLOGY

Motor vehicle accidents commonly result in head trauma of varying degrees of severity. In the past, 75% of motor vehicle accidents resulted in a head trauma; however, the increased use of seatbelts and the advent of airbags may alter these 
statistics in the future. When the head trauma is of sufficient magnitude to fracture the skull, 14% to 22% of injured patients sustain a temporal bone fracture. [66] [85] In the largest series of temporal bone fractures reported to date, 31% of the 
temporal bone fractures resulted from motor vehicle accidents.[4] Assault is the second most common cause, followed by falls and motorcycle accidents. Pedestrian injuries, bicycle accidents, gunshot wounds, all terrain vehicle accidents, 
sports injuries, and miscellaneous injuries account for a quarter of the cases[4] ( Figure 125-1 ).

Temporal bone fractures are reported to occur across all age groups, with more than 70% of fractures occurring during the second, third, and fourth decades of life.[4] These fractures occur predominantly in males, with a 3:1 ratio of males to 
females affected.[4] This predisposition to temporal bone fractures in males is attributed not to structural weaknesses in the male skull but rather to involvement in the riskier activities listed above.

PATHOPHYSIOLOGY

The temporal bones are pyramidal structures in the thick bone of the skull base and consequently require a great force to fracture. The force of lateral impact required to fracture the temporal bones of fresh cadavers is estimated at 1875 
pounds.[83] The fractures take the path of least resistance, which is along the structurally weakened points, such as the various foramina that perforate the skull base.

The temporal bone houses or encapsulates many important structures, including the facial nerve, cranial nerves IX through XI, the cochlea, the labyrinth, the ossicles, the tympanic membrane, the carotid artery, and the jugular vein. Any of 
these structures can be injured with a fracture of the bone. Fracture of the temporal bone can also expose intracranial contents to the external world, thus resulting in cerebrospinal fluid (CSF) fistula, meningitis, and brain herniation. In 
addition to inducing neurotologic manifestations by injuring structures within the temporal bone, these fractures can have associated intracranial injuries such as epidural or subdural hematomas, cerebral edema, posttraumatic 
encephalopathy, and elevated intracranial pressure. Neurotologic symptoms can also result from shearing strain within the brain tissue with disruption of vessels, axons, synapses, and dendrites. [54] 

Sixty percent of temporal bone fractures are categorized as "open" fractures presenting with bloody otorrhea, brain herniation, or CSF draining from the ear canal, eustachian tube, or penetrating wound site.[4] Eight percent to 29% of temporal 
bone fractures occur bilaterally.[4] [30] [84] 

CLASSIFICATION

Temporal bone fractures have traditionally been divided into transverse and longitudinal categories on the basis of the relationship of the fracture line to the axis of the petrous ridge.[7] Some authors argue that the majority of fractures are 
actually oblique as opposed to longitudinal and that they are quite frequently mixed.[13] [25] This classification scheme is being replaced with a new scheme that classifies fractures by whether they disrupt or spare the otic capsule (the bone that 
houses the cochlea and the semicircular canals) ( Figure 125-2 , Figure 125-3 , and Figure 125-4 ).[4] [41] 

Fractures that spare the otic capsule typically involve the squamosal portion of the temporal bone and the posterosuperior wall of the external auditory canal. The fracture passes through the mastoid air cells and the middle ear and then 
fractures the tegmen mastoideum and tegmen tympani. The fracture proceeds anterolateral to the otic capsule, typically fracturing
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Figure 125-1 Type of injury. 

 

Figure 125-2 Axial-cut high-resolution computed tomography scan that demonstrates a longitudinally oriented fracture that is sparing the otic capsule. Black arrows point along the fracture line. 

 

Figure 125-3 Axial-cut high-resolution computed tomography scan that demonstrates a transverse-oriented fracture resulting from a gunshot injury and disrupting the otic capsule. The black arrows point to the fracture line. 
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Figure 125-4 Axial-cut high-resolution computed tomography (CT) scan that demonstrates a mixed-oriented fracture that spares the otic capsule. The white arrows point to the fracture lines. 



 

Figure 125-5 Histopathology of a patient who died of meningitis several decades after an otic-capsule-disrupting temporal bone fracture. F, Fibrosis with a small amount of ossification within the fracture line in the otic capsule; H, 
hemorrhage and purulence. 

 

Figure 125-6 Otoscopic image that demonstrates a nondisplaced fracture along the scutum (black arrow). Blood is layering out inferiorly (white arrow). 

 

Figure 125-7 Otoscopic image that demonstrates a displaced fracture along the scutum (black arrow). 

 

Figure 125-8 Otoscopic image that demonstrates a hemotympanum. 



 

Figure 125-9 Otoscopic photograph that demonstrates a distracted fracture along the roof of the external auditory canal and scutum, thus allowing for the potential ingrowth of canal skin. 

 

Figure 125-10 Axial-cut high-resolution computed tomography scan that demonstrates a fracture along the carotid canal. White arrows point to the fractured carotid canal. 
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TABLE 125-1 -- FACIAL NERVE OUTCOME FOLLOWING COMPLETE FACIAL PARALYSIS

Treatment n Good (HB I or II) Incomplete (HB III or IV) Poor (HB V or VI) Transected Nerve

Nonoperative      

Turner[84] 30 19 7 4  

Maiman[53] 21 11 9 1  

Brodie[4] 8 7 0 1  

Operative      

Kamerer[39] 62 18 15 9 20

Lambert[47] 17 11 0 0 6

Coker[11] 12 5 4 1 2

Brodie[4] 6 4 0 2 0

Darrouzet[14] 65 25 35 5 9

HB, House-Brackmann grade.
 
several days after the nerve has degenerated. Although decompression of the facial nerve prophylactically in acoustic neuroma surgery has been proved to be efficacious, the decompression is performed before Wallerian degeneration has 
occurred.[74] Demonstrating that decompression of a posttraumatic, nonsevered nerve is efficacious remains to be proven in a randomized, prospective study.



The key factor in the decision to surgically explore a facial nerve is whether the nerve is suspected of being severed, crushed, or impaled with bone fragments. The incidence of transected nerves in the large series ranges from 6% to 45%.[11] [14] 
[18] [39] [47] The high frequency of severed nerves in some of these reports is biased by patient selection. Patients are referred to the tertiary centers that perform nerve explorations when they fail to spontaneously recover. However, the vast 
majority of patients do recover spontaneously and are not referred to tertiary centers.

The probability of severing the facial nerve is actually quite low, but the outcome after observation alone of a transected nerve is poor. Because one cannot differentiate a Sunderland fifth-degree injury (severed nerve) from a third- or fourth-
degree injury on the basis of electrodiagnostic testing, exploration is warranted only in patients with complete immediate-onset paralysis in whom electrical stimulability is lost; these are the patients at risk for crushed, partially severed, and 
transected nerves.

The site of injury of the facial nerve in temporal bone fractures is in the perigeniculate region in 80% to 93% of patients.[11] [18] [47] Lambert and Brackmann[47] found a second lesion in the mastoid segment of 4 out of 21 patients; thus, the 
approach used for the nerve exploration must expose these regions. Fisch[19] advocates a translabyrinthine approach for transverse fractures and a combined transmastoid/middle cranial fossa approach for longitudinal fractures. May[58] 
described a transmastoid/supralabyrinthine approach to the region of the geniculate ganglion for facial nerve decompression. Goin[27] studied this approach in cadaveric temporal bones and found that he could consistently expose the distal 
labyrinthine segment and the geniculate ganglion; however, the fundus of the internal auditory canal (IAC) could be exposed in only 60% of the temporal bones. Yanagihara[88] applied the transmastoid/supralabyrinthine approach in 36 
patients; only five temporal bone fractures in his series of 41 patients required a middle cranial fossa approach to expose the geniculate region.

The translabyrinthine approach is advocated for facial nerve exploration in patients with profound hearing loss. The approach provides excellent exposure for decompression, nerve rerouting with direct reanastomosis, and cable grafting. In 
otic-capsule-sparing fractures with ossicular discontinuity, the nerve is explored via a transmastoid/supralabyrinthine approach. This approach generally requires the dislocation of the incus and ossicular reconstruction at the completion of 
the operation. If the patient has any contralateral hearing loss or the anatomy is not conducive for supralabyrinthine exposure, a middle cranial fossa approach is used.

Timing of facial nerve repair has, in the past, been controversial. McCabe[60] advocated repairing the nerve within the first 3 days or else delaying facial nerve reanastomosis for 20 days after injury; this recommendation was made on the basis 
of the observation that regeneration and axoplasmic flow were greatest at 3 weeks postinjury. Barrs[2] studied the timing of
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facial nerve repair in micropigs and found no advantage in waiting the 3 weeks until the neuronal cell body metabolic activity was maximal.

Fisch[17] advocates exploration when the ENoG indicates that 90% degeneration has occurred within 6 days, and he argues that decompression should be performed early to minimize further degeneration. May also advocates early exploration
[59] ; his series demonstrated a correlation of best results with a shorter interval between injury and repair.

Late exploration for potentially severed nerves is still indicated, but the role of late decompression remains controversial. Quaranta and others[70] reported on nine patients who were decompressed 2 to 3 months after their temporal bone 
fractures. Seventy-eight percent recovered to a House-Brackmann grade I or II at 1 year after decompression; the question regarding whether these patients would have recovered spontaneously to the same degree remains unanswered. 
Clearly, if the nerve was severed and not approximated, spontaneous recovery to a House-Brackmann grade I or II would not occur. In that scenario, a House-Brackmann grade VI would be anticipated.

The range in latency to recovery of facial function varies from 1 day to 1 year. Fifty-nine percent of facial palsies that recover spontaneously do so within 1 month after injury, and 88% recover by 3 months after injury.[4] 

SUMMARY OF FACIAL NERVE TREATMENT ALGORITHM

Patients with delayed-onset facial paralysis are placed on a 2-week course of systemic corticosteroids (unless medically contraindicated) and observed. Although there are inadequate data in the literature to support or contradict this 
recommendation, the rationale for corticosteroid use is based on its antiinflammatory activity and the assumption that neural edema is a primary factor in the progression of neural injury ( Figure 125-11 ). [8] Patients with complete paralysis of 
immediate onset are tested with the Hilger nerve stimulator between days 3 and 7 postinjury. If no loss of stimulability occurs, the patients are observed. If the nerve loses stimulability within 1 week of the injury, facial nerve exploration is 
performed.

Facial nerve injuries that occur in an otic-capsule-disrupting fracture are explored via a translabyrinthine approach; for otic-capsule-sparing fractures, two surgical approaches are used. In patients with well-aerated mastoid air cell systems or 
with ossicular discontinuity, a transmastoid/supralabyrinthine approach is chosen. If the patient has a poorly aerated mastoid air cell system or total facial nerve decompression cannot be achieved via the transmastoid/supralabyrinthine 
approach, a combined transmastoid/middle cranial fossa approach is used. If a severed facial nerve is encountered using the transmastoid/supralabyrinthine approach and inadequate exposure for cable grafting occurs, a middle cranial fossa 
approach is performed.

The transmastoid facial nerve decompression begins with a complete mastoidectomy and the skeletonizing of the tegmen mastoideum superiorly, the sigmoid sinus posteriorly, and the posterior external auditory canal (EAC) wall anteriorly. 
The antrum is opened, thus exposing the short process of the incus and the lateral semicircular canal. The semicircular canals are then skeletonized. The facial recess is opened, and the facial nerve is skeletonized from the second genu to the 
stylomastoid foramen. If there is any evidence of bony trauma in this region, a complete decompression is performed; however, the nerve sheath is not incised. The buttress to the incus is subsequently removed, and the tympanic portion of 
the nerve is decompressed. If there is adequate room to proceed, a supralabyrinthine decompression of the intralabyrinthine portion of the facial nerve is performed ( Figure 125-12 ). A laceration of the facial nerve in this region is cable 
grafted with a section of the greater auricular nerve. The cable graft is placed in the bony channel of the fallopian canal, abutting the sharply incised edges of the facial nerve. To improve exposure, the eggshelled tegmen can be retracted 
superiorly. If the exposure remains inadequate, a middle fossa craniotomy is performed. If the fracture involves the proximal portion of the intralabyrinthine segment of the facial nerve, a middle fossa craniotomy is performed.

The squamosal portion of the temporal bone is exposed by extending the postauricular skin incision in a "lazy " shape up toward the vertex, first extending anteriorly, then posteriorly. The temporalis fascia is reflected inferiorly, and the 
temporalis muscle is split vertically and elevated off of the squamosal portion of the temporal bone. The dissection should extend underneath the zygomatic arch to allow for adequate exposure for the craniotomy. The self-retaining retractors 
are adjusted to hold both muscle and skin. A bone window is created with a 5- or 6-mm cutting burr and suction irrigation. This bone window is 4 × 4 cm in size and is set at the level of the zygomatic root. Two-thirds of the window is 
anterior to the vertical plane of the EAC, and the other third of the window is posterior to the canal. A rongeur is used to remove the bone at the inferior edge of the craniotomy down to the level of the floor of the middle cranial fossa; this 
allows for the optimal surgical line of site, with minimal temporal lobe retraction. The House-Urban middle fossa retractor is engaged, with the prongs in the edge of the craniotomy. The blade is gradually advanced as the dura is elevated off 
of the floor of the middle fossa. It is common to encounter dural venous
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Figure 125-11 Management of traumatic facial paralysis. 

 

Figure 125-12 Supralabyrinthine exposure of the geniculate ganglion and the intralabyrinthine portion of the facial nerve. I, Incus; M, malleus; G, geniculate ganglion. 

 
†References [12] [16] [22] [32] [34] [37] [49] [52] [90] . 
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group or to a no antibiotic group; none of the patients in either group developed meningitis. All of these studies conclude that prophylactic antibiotics are not indicated given the low incidence of meningitis in temporal bone fractures without 
a CSF fistula and the lack of evidence demonstrating any benefit of prophylactic antibiotics in this situation. However, the risk of meningitis is significantly higher in patients with temporal bone fractures when CSF fistulas are present; 
consequently, the role of prophylactic antibiotics must be examined in relation to this subset of trauma patients. Multiple studies over the past 3 decades have concluded that prophylactic antibiotics did not have a statistically significant effect 
on the incidence of meningitis in patients with CSF fistulas. * However, the number of patients included in the various studies was inadequate for valid statistical analysis. Reevaluation of the literature from the past 25 years using a 



metaanalysis revealed a statistically significant reduction in meningitis using prophylactic antibiotics in patients with CSF fistula; 320 patients were included in the analysis.[5] The incidence of meningitis in patients with posttraumatic CSF 
fistulas treated with prophylactic antibiotics was 2.1%. In patients who did not receive prophylactic antibiotics, the incidence of meningitis was significantly higher, at 8.7% (P < .02). Individually, however, none of the studies included in the 
metaanalysis demonstrated a statistically significant effect of prophylactic antibiotics, which points out the pitfall of statistical analysis with inadequate numbers of patients.

In addition to the inadequate numbers of patients in these prior studies, there are significant problems inherent in this type of retrospective study. How do we define adequate prophylaxis? Do 3 days of perioperative antibiotics for the repair 
of a concomitant open femur fracture constitute adequate prophylaxis for a CSF fistula that persists for 5 days? Do therapeutic antibiotics for a concurrent infection constitute adequate prophylaxis for a CSF fistula? One very important risk 
factor that increases the risk of meningitis in patients with CSF fistulas is the presence of a concurrent infection. Brodie and Thompson[4] found a 20% incidence of meningitis in patients with concurrent infection and a 3% incidence of 
meningitis in the absence of concurrent infection. In that study, in the absence of concurrent infection, no patients receiving prophylactic antibiotics developed meningitis within the first month after injury. Clearly these confounding 
variables must be controlled in a prospective, multiinstitutional study to adequately address the question of the efficacy of prophylactic antibiotics.

According to the literature, the most common infecting organisms in meningitis that occur in the presence of a CSF fistula are Streptococcus pneumoniae and Haemophilus influenzae. [1] [40] [52] Fifty-seven percent to 85% of posttraumatic 
fistulas that are treated conservatively cease leaking within 1 week.[50] [64] Because acute posttraumatic CSF fistulas are associated with a high probability of early spontaneous closure and a low incidence of meningitis, they can be treated 
conservatively for 7 to 10 days; this treatment includes total bedrest with elevation of the head of the bed; stool softeners; instructions to avoid nose blowing, sneezing, and straining; and repeat lumbar punctures or lumbar drain if the leak 
persists. All of these measures are directed at maintaining the CSF pressure gradient below the healing tensile strength of the healing barrier. Because of the increased risk of meningitis after persistent CSF fistulas, the closure of fistulas that 
persist for more than 7 to 10 days is recommended.

CLOSURE OF CSF FISTULAS

The approach chosen to close a CSF fistula is influenced by many factors, including the status of hearing in the affected and contralateral ear, the presence of brain herniation through the tegmen, and the location of the fistula; the treatment 
algorithm is presented in Figure 125-13 . In a patient with a fracture of the otic capsule that results in profound sensorineural hearing loss, obliteration of the mastoid and middle ear is recommended.[10] [46] The ear canal, the tympanic 
membrane, the incus and the malleus, and the middle ear mucosa are all excised. The external auditory meatus is closed in a two-layer closure, and a complete mastoidectomy is performed. The mucosa of the eustachian tube is inverted, and 
a muscle plug is inserted. The incus is then inserted as well, wedging the muscle into place. The eustachian tube and the fracture line are covered by temporalis fascia, and the mastoid cavity and middle ear are obliterated with an abdominal 
fat graft.

The approach for the closure of a fistula that results from an otic-capsule-sparing fracture is dictated by the location of the fracture along the floor of the middle cranial fossa, the presence of brain herniation, and the status of the ossicular 
chain. Fistulas that occur laterally in the middle cranial fossa are accessible through a complete mastoidectomy and can be repaired by sealing the mastoid cavity off from the epitympanum and middle ear by placing a temporalis fascia graft 
over the antrum, the facial recess, and the retrofacial air cell tracts. A second fascia graft is placed over the fistula, and the mastoid cavity is obliterated with a fat graft. Fistulas that occur more medially along the tegmen tympani or that are 
associated with

*References [12] [22] [42] [52] [78] [90] . 

2862

 
Figure 125-13 Management of traumatic cerebrospinal fluid fistula. 



 

Figure 125-14 Dislocated incus protruding through the tympanic membrane. 
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Chapter 126 - OTOLOGIC SYMPTOMS AND SYNDROMES

Carol A. Bauer 
Herman A. Jenkins 

INTRODUCTION

Patients can be seen with a wide variety of symptoms that are suggestive or diagnostic of ear disease. Accurate assessment of the patient's problem is facilitated by an understanding of the significance of combinations of symptoms and the 
likely occurrence of particular otologic problems in different patient populations. This chapter reviews the common symptoms associated with otologic disease and the diagnoses to be considered when evaluating these symptoms. Common 
symptoms that indicate an otologic problem are otorrhea, otalgia, aural fullness, hearing loss, vertigo, and tinnitus. The symptoms of hearing loss, vertigo, and tinnitus are discussed in other chapters and therefore are only briefly addressed 
here.

OTORRHEA

In both adults and children, otorrhea can arise from a number of sources (external canal, middle ear, mastoid cavity) and may have a variety of etiologies ( Box 126-1 ). Diagnostic considerations and subsequent treatment plans are directed 
by the source of the otorrhea, the age of patient, the type of otorrhea (clear, mucoid, purulent, or bloody), the nature of the drainage (acute, chronic, or pulsatile), and the presence of other symptoms such as otalgia, neurologic deficits, or 
associated systemic disease or symptoms. Evaluation requires meticulous suctioning of secretions under a microscope to identify the source of the drainage and to differentiate between a primary infection or purulent drainage occurring 
secondary to an underlying inflammatory process.

Common causes of otorrhea differ between adults and children. In children, otorrhea is caused most commonly by either acute otitis media with tympanic membrane rupture or chronic otitis media through a tympanic membrane perforation. 
In adults, otorrhea results most commonly from either external otitis or chronic otitis media with a perforation. The initial history and physical examination should be directed toward establishing the source of the otorrhea (ear canal, middle 
ear, mastoid).

The diagnosis of external otitis as the source of purulent otorrhea is commonly suggested by a history of ear trauma or swimming-related water contamination of the canal. Trauma resulting in external otitis may occur from the use of cotton-
tip swabs, irrigators for cerumen removal, in-the-canal hearing aids, or even digital ear thermometers. A history of otalgia and drainage after swimming will easily lead to a diagnosis of external otitis. Although typically painful, there are 
usually no additional systemic symptoms associated with this localized infection. The typical presentation includes an edematous, occluded ear canal that is exquisitely tender, associated with preauricular tenderness. Purulent otorrhea also 
may develop secondarily in patients with chronic dermatitis or eczema of the ear canal, without any prior history of trauma or water contamination. Bacterial or fungal infections may complicate this chronic skin condition, but the acute 
infection is usually preceded by itching in the canal. This form of otitis externa is usually not painful. The history also should investigate the recent use of topical antibiotic ointments or solutions that may cause an allergic reaction with canal 
pruritus, edema, and purulent drainage. Physical examination should document the presence of fungal hyphae in the canal, keratin debris from chronic dermatitis, or, uncommonly, a canal cholesteatoma or keratoma. After suctioning all 
purulent drainage from the canal, examination of the tympanic membrane should eliminate the presence of a retained foreign body such as a pressure equalizing tube with localized granulation tissue as the source of the otorrhea.

The most common bacterial pathogens causing external otitis are Pseudomonas aeruginosa and Staphylococcus aureus. Less commonly, other aerobic, facultative, and anaerobic organisms have been
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cultured from infected ears. Rarely, external otitis results from a local or regional infection that involves the ear secondarily. Actinomyces israelii is an anaerobic gram-positive bacterium that can cause external otitis from a primary dental or 
parotid infection. This infection may present as refractory otitis externa with granulation tissue in the ear canal and thick yellow otorrhea. Recognition of this entity is important, because treatment involves surgical debridement and prolonged 
antibiotic therapy.[9] 

 
 



Box 126-1. SOURCES OF OTORRHEA

 
External Canal 

Otitis externa (fungal, bacterial, viral) 
 
Necrotizing otitis externa 
 
Acute dermatitis 
 
Keratosis obturans 
 
Canal cholesteatoma 
 
Neoplasm 
 
Regional infection (parotid) 
 

 
Tympanic Membrane 

Granulation tissue 
 
Granular myringitis 
 
Bullous myringitis 
 
Retraction pocket with cholesteatoma 
 

 
Middle Ear 

Acute otitis media with perforation 
 
Chronic otitis media with perforation 
 
Neoplasm 
 

 
Mastoid 

Mastoiditis, acute or chronic, with perforation 
 
Granulomatous disease 
 
Cholesteatoma 
 
Neoplasm 
 

 
CSF 

Temporal bone fracture 
 
Tegmen defect 
 
Cochlea deformity 
 
Hyrtl's fissure 
 

 
 



Although malignant or necrotizing external otitis is seen less commonly in children than in adults, the diagnosis should be considered in children with poor general health or concurrent systemic disease with acute onset of painful otorrhea. 
Fifteen cases of malignant external otitis occurring in infants and children 2 months to 15 years of age have been reported in the literature.[28] [32] These patients were in poor general health, were immunosuppressed, were diabetic, or had 
Stevens-Johnson syndrome. Common presenting findings on physical examination include granulation tissue within the external auditory canal, preauricular and auricular edema and erythema, tympanic membrane necrosis, and facial nerve 
paralysis. As in adults, P. aeruginosa is cultured in most children with malignant external otitis. However, the prognosis of pediatric malignant external otitis is significantly better than the adult form of the disease, and most patients were 
cured of the disease.

Fungal infections of the ear (otomycoses) are typically limited to the external ear canal as a superficial infection but rarely may be invasive and involve the temporal bone. Common fungal species infecting the external ear canal are 
Aspergillus niger and Candida albicans. The former is easily recognized as pigmented fungal tufts atop a tangle of hyphal threads resembling a ball of cotton. Candida species may also colonize the ear canal, especially in patients previously 
treated with prolonged courses of antibiotic eardrops. The canal infected with Candida appears wet and macerated, filled with soft, curdlike debris. If the fungal infection has an associated bacterial component, the fungal elements may not be 
immediately evident. Rarely, the external ear canal and mastoid are primarily involved with coccidiomycosis, which may resemble eczema or an allergic dermatitis.[8] Secondary mycosis of the temporal bone is quite rare and may arise from a 
primary focus of infection involving the meninges or the paranasal sinuses. Causative agents include Cryptococcus, Candida, Blastomyces, and Mucor. Primary otogenic invasive fungal infections can occur in immunocompromised hosts 
who are human immunodeficiency virus (HIV) positive and in the elderly and patients with diabetes mellitus. These cases may develop invasive fungal disease within the mastoid and temporal bones, resulting in rapidly progressive hearing 
loss and facial paralysis. Aspergillus fumigatus and Aspergillus flavus are sources of invasive fungal mastoiditis with serious morbidity and mortality.

An uncommon cause of purulent otorrhea arising from the external canal in children is infection of a first branchial cleft cyst. In some forms of this congenital anomaly, there will be a sinus tract adjacent to the external canal causing 
localized edema, whereas in others a fistula may be present with an external opening into the external ear canal. The anomaly may go unrecognized until drainage and swelling of the ear canal occur. An even rarer source of secondary 
external canal otorrhea in both children and adults is infection that extends from the parotid gland into the external canal through Santorini's fissures, the fibrous channels within the cartilaginous ear canal. If severe otalgia is present and the 
drainage from the external canal is bloody or serous, the canal and tympanic membrane should be examined for evidence of vesicles.
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Bullous external otitis and myringitis will result in hemorrhagic vesicles on the bony external canal and tympanic membrane. These uncommon infections cause exquisite ear pain out of proportion to the physical examination. They may be 
the result of a viral infection, but Mycoplasma pneumoniae and Haemophilus influenzae also have been cultured from the vesicles. Hearing loss, which may be conductive because of an associated middle-ear effusion, often accompanies the 
localized infection. A mixed loss with a significant sensorineural component has been demonstrated in 30% to 65% of cases of bullous myringitis in which audiometric assessment was performed. The hearing loss completely resolved in 
60% of cases.[19] [23] 

Herpes zoster oticus (Ramsay-Hunt syndrome) should be considered if vesicles with an erythematous base are evident on the external canal, pinna, or soft palate. Significant otalgia described as a burning sensation is present with this 
infection, along with hearing loss, vertigo, and facial paralysis.

If the physical examination shows a normal-appearing external canal, then the source of the drainage is the tympanic membrane, the middle ear, or the mastoid. Diagnostic and management considerations are dependent on prior otologic and 
surgical history. Acute otitis media, chronic otitis media, and cholesteatoma are the most common sources of purulent or mucoid drainage from the middle ear and mastoid. In patients who have an open mastoid cavity, superficial infections 
must be differentiated from mastoid infections that arise from recurrent or residual disease. Less common causes of chronic otorrhea are neoplasms of the middle ear and mastoid that become infected secondarily, such as glomus tumors and 
squamous cell carcinomas in adults and histiocytosis and rhabdomyosarcomas in children.

Granular myringitis is an uncommon, idiopathic, inflammatory process involving the tympanic membrane. Granulation tissue and mucosalized epithelium extends over patchy areas of the tympanic membrane. In extensive cases, the entire 
tympanic membrane is thickened, and the granulation tissue exudes a thin transudate that may become secondarily infected.[41] 

In the case of otorrhea from acute otitis media, the drainage may be bloody, mixed with mucus, or mucopurulent, and is typically short-lived. Bloody or purulent otorrhea associated with pain also may occur either immediately or in a 
delayed fashion after placement of pressure equalization tubes. This otorrhea may occur because of granulation tissue obstructing the tube lumen, middle-ear contamination after bathing or swimming, acute otitis media, or reflux of 
nasopharyngeal secretions through the eustachian tube into the middle ear.

In patients without a prior history of mastoid surgery, coalescent mastoiditis or chronic bacterial otomastoiditis may develop as a complication of neglected or inadequately treated acute or chronic otitis media. In most cases of acute 
otomastoiditis, the otalgia and mastoid tenderness are associated with purulent drainage from the middle ear. Uncommonly, the mastoiditis may result from obstruction of the aditus ad antrum; the tympanic membrane and middle ear appear 
normal in this situation. In acute mastoiditis, the ear canal will typically be edematous and tender; acute mastoiditis must be differentiated from external otitis with retroauricular extension. In addition to external canal edema, patients with 
acute mastoiditis also will have auricle proptosis, mastoid tenderness, and swelling, and possibly systemic symptoms of fever. Additional symptoms may be present if there are aural or intracranial complications of the acute or chronic 
infection. Aural complications include subperiosteal abscess, petrositis, facial paralysis, and labyrinthitis. Intracranial complications include extradural abscess, thrombosis, or thrombophlebitis of the sigmoid sinus, transverse sinus, or 
sagittal sinus, subdural abscess, brain abscess, meningitis, and otitic hydrocephalus. A high index of suspicion and a thorough neurologic examination are indicated to detect possible aural and intracranial complications of a mastoid infection. 
Acquired cholesteatoma is a common cause of painless, recurrent purulent otorrhea in both adults and children. The otorrhea may be scant or profuse depending on the extent of the disease and whether the keratin debris is infected. There is 
usually an associated longstanding hearing loss. Vestibular symptoms are typically not present unless there is extensive bone destruction by the cholesteatoma. Erosion of the lateral semicircular canal with formation of a labyrinthine fistula 
may occur, and the patient may note disequilibrium that is either spontaneous or induced by loud sounds (Tullio phenomenon) or positive pressure applied to the external ear canal. Diagnosis of cholesteatoma as the source of otorrhea is 
evident after meticulous cleaning of the ear canal and examination with binocular microscopy. Typically, a retraction pocket is seen in the posterosuperior quadrant of the tympanic membrane or in the pars flaccida region. The otorrhea and 
keratin debris emanating from the abnormal retraction are indicative of the acquired cholesteatoma.

Granulomatous diseases of the temporal bone are uncommon but can present with symptoms suggestive of acute or chronic bacterial mastoiditis. In children, histiocytosis of the temporal bone can present with symptoms of painful purulent 
or bloody otorrhea. The three forms of histiocytosis (eosinophilic granuloma, Letterer-Siwe disease, and Hand-Schüller-Christian
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disease) may all involve the temporal bone to some degree.[11] In addition to complaints of localized ear pain, there will be evidence of suppurative drainage from the middle ear and mastoid, granulation tissue within the external auditory 
canal, local swelling of the postauricular or preauricular region, and bone destruction on radiographic imaging. Auditory and vestibular deficits also may be present, as well as facial palsy and lower cranial nerve deficits.[26] Wegener's 
syndrome is a granulomatous disorder consisting of inflammatory vasculitis of the upper and lower respiratory tracts and kidney. Almost one-fourth of patients will have otologic disease at sometime during their illness. Otologic involvement 
may present as a serous otitis media or a suppurative otitis media with either thickening or perforation of the tympanic membrane. Granulation tissue may be present within the middle ear and mastoid, causing a painless chronic otorrhea that 
is associated with either conductive, sensorineural, or mixed hearing loss.[43] A high index of suspicion and confirmation with an elevated cytoplasmic antineutrophil cytoplasmic autoantibody (c-ANCA) titer facilitate the diagnosis.

Churg-Strauss syndrome is an autoimmune disease that may have otologic manifestations in the late stages of the disease. Asthma, recurrent sinusitis, peripheral neuropathy, eosinophilic infiltrates, systemic vasculitis, and peripheral 
eosinophilia are hallmarks of the disease. In advanced disease, otologic involvement may include a dense aural discharge, granulomatous eosinophilic infiltrates of the middle ear and mastoid, and severe to profound mixed hearing loss. 
Recognition of this entity is important because the disease is highly responsive to systemic steroids. [21] 

Aural tuberculosis and nontuberculous mycobacterial mastoiditis are granulomatous infections with presentations that may mimic either otitis externa or chronic otomastoiditis in adults or children. The typical history is that of an indolent 
infection of the external canal or middle ear with chronic painless otorrhea that is thin, watery, or serous in nature. In documented cases of aural tuberculosis, patients have had acute otalgia with purulent drainage when a bacterial 
superinfection is present. Typically, patients with aural tuberculosis do not have a history of pulmonary infection or exposure to a known source of tuberculosis. The diagnosis of tuberculous or atypical mycobacterial otomastoiditis is 
suspected when the infection fails to clear after multiple treatments with antibiotics. The ear canal and middle ear will have granulation tissue, polyps, and inflammatory tissue, all of which may be diffusely destructive. In addition, there may 
be associated cervical, postauricular, or occasionally preauricular adenopathy and systemic symptoms of fever and malaise. The physical examination findings of a postauricular fistula associated with preauricular adenopathy, a denuded 
malleus, and multiple tympanic membrane perforations are reported to be pathognomonic of aural tuberculosis. Facial palsy associated with aural tuberculosis has been reported in as many as 45% of patients.[17] [40] [46] 

If a patient with chronic otorrhea has undergone prior mastoid surgery, the physical examination should be directed toward establishing whether the drainage is from a superficial infection of the mastoid cavity or is caused by recurrent or 
residual mastoid disease. When the mastoid cavity is inspected, any anatomic factors should be noted that predispose toward poor aeration and bowl hygiene, such as a small meatus, high facial ridge, or large dependent mastoid tip. In these 
cases, the tympanic membrane may appear normal and the middle ear aerated, but because of poor hygiene the mastoid bowl will collect debris and a superficial infection will develop. The infection may be fungal or bacterial in nature; 
examination with meticulous cleaning under a microscope will establish the diagnosis. In most cases, debridement and treatment with topical antifungal or antimicrobial eardrops or acidifying and drying agents, such as boric acid and alcohol 
solution, will suffice as management. In chronic infection, however, granulation tissue and mucosalized epithelium in the bowl can develop, requiring more aggressive treatment with chemical cauterization. Meticulous inspection of the 
mastoid bowl also will reveal evidence of retained mastoid air cells or recurrent cholesteatoma debris as the cause of recurrent otorrhea. Revision mastoid surgery is usually required to eliminate these sources of infection.

Less common causes of chronic purulent or bloody otorrhea are neoplasms arising from the ear canal, middle ear, or mastoid. In adults, squamous cell carcinoma, basal cell carcinoma, and ceruminous gland tumors of the external ear canal 
may result in symptoms of aural fullness, pruritus, and otorrhea. These neoplasms may remain asymptomatic and unnoticed by the patient until a secondary bacterial infection develops. Examination of the ear canal with binocular 
microscopy after suction removal of purulent debris may reveal the tumor as an erosive or fungating lesion. However, these lesions also may present as persistent granulation tissue that is refractory to routine management. Biopsy of the 
granulation tissue is indicated to rule out an underlying neoplastic process. Glomus tumors may be isolated to the middle ear or jugular foramen region and usually do not result in otorrhea. Large tumors may fill the mesotympanum and 
extend into the ear canal, however, resulting in bloody or purulent otorrhea. Performing a biopsy of
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glomus tumors extending into the ear canal can result in profuse bleeding and should be avoided.

Metastatic lesions to the temporal bone rarely present with otorrhea as an initial symptom. Primary tumors from the breast, lung, kidney, prostate, and stomach are the common sources of temporal bone metastatic lesions.[42] These tumors will 
metastasize predominantly to the petrous apex marrow through hematogenous dissemination. Metastatic involvement of the mastoid air cells and the tympanic cavity may occur. Lymphoma and leukemia also may infiltrate the petrous apex 
and subsequently involve mastoid air cells. Infiltration into the middle ear cleft along mucosal folds and into the fallopian canal and internal auditory canal is common. [3] 

The presenting signs and symptoms of neoplastic involvement of the temporal bone include conductive and sensorineural hearing loss, otalgia, mastoiditis, facial nerve paralysis, and purulent or bloody otorrhea. In addition, acute 
myelogenous leukemia may involve the temporal bone by chloroma formations, which are masses of leukemic cells seen as discrete green collections within the mastoid or internal auditory canal. In children, uncommon neoplasms that result 
in otorrhea include histiocytosis, rhabdomyosarcoma, leukemia, and lymphoma. Because the presenting symptoms can resemble chronic otitis media with purulent or bloody otorrhea, granulation tissue, and aural polyps, diagnosis of the 
underlying neoplasm is often delayed.

The unique presentation of continuous or intermittent clear otorrhea may represent cerebrospinal fluid (CSF) arising from a variety of etiologies. Clear otorrhea may present spontaneously through a perforated tympanic membrane or through 
a pressure equalizing tube. It may be caused by an underlying congenital anomaly or an idiopathic dural dehiscence within the temporal bone. CSF otorrhea may occur as a direct result of trauma or as a complication of neoplasia, infection, 
or previous surgery. Regardless of the etiology, all cases of clear otorrhea must be investigated because of the risk of meningitis associated with a persistent CSF leak. If possible, the clear fluid should be collected and the sample analyzed for 
the presence of β2 -transferrin. This is a protein found in CSF and perilymph, but not in blood, nasal secretions, or inflammatory effusions.[38] If the fluid is identified as CSF, consideration should be given to immunization for Streptococcus 
pneumoniae to prevent meningitis, in addition to pursuing appropriate measures directed to stop the CSF leakage. Occasionally, serous discharge from chronic mastoiditis (or through a ventilating tube) can be profuse and mimic CSF leakage.

Radiographic imaging using high-resolution computed tomography (CT) is essential in the diagnostic evaluation of patients with clear otorrhea. Axial and coronal views should be obtained and evaluated for evidence of congenital 
labyrinthine abnormalities, erosive changes within the mastoid air cells, dehiscence of the middle or posterior cranial fossa dural plates, or temporal bone fractures.

Congenital labyrinthine abnormalities are an uncommon cause of CSF otorrhea. The most common labyrinthine anomaly associated with spontaneous CSF leak is a Mondini malformation. The leak may manifest as recurrent meningitis in 
childhood or as intermittent leakage of clear fluid from a tympanic membrane perforation or myringotomy tube. CSF leakage in these cases is thought to occur because of a defect in the lamina cribrosa of the internal auditory canal in 
association with a defect in the stapes foot-plate. A high index of suspicion should be maintained when evaluating a child with a history of recurrent clear otorrhea with an unexplained unilateral sensorineural hearing loss and vestibular 
deficit. A much rarer source of CSF in the middle ear is through a persistently patent perilabyrinthine pathway, such as a persistent Hyrtl's fissure (a bony cleft that extends medially from below the round window niche to the posterior fossa 
that normally ossifies during development). [31] In the absence of normal ossification, this tympanomeningeal fissure may persist as an abnormal connection between the middle ear and the subarachnoid space, resulting in a CSF fistula.

Spontaneous CSF leaks also may occur from the middle or posterior cranial fossae secondary to progressive erosion and weakening of the dura by aberrant arachnoid granulations. These leaks typically occur after the fifth decade of life and 



present as a persistent unilateral effusion or profuse clear otorrhea after myringotomy. [12] [14] The leakage site will often be evident on CT scan as a dehiscent area of either the superior or posterior surface of the temporal bone.

Temporal bone CSF leaks can also occur after mastoidectomy, skull-base surgery, or any surgical approach to the internal auditory canal or cerebellopontine angle (translabyrinthine, middle cranial fossa, posterior cranial fossa). In some 
cases, the dura is intentionally violated as part of the surgical approach to remove disease. Inadequate closure at the time of surgery will result in CSF leakage that is easily diagnosed. Occasionally, however, the CSF leak will occur weeks, 
months, or even years after temporal bone surgery in which dura was exposed but not damaged. In open mastoid cavities with exposed dura, subsequent infections may incite the formation of granulation tissue with subsequent weakening of 
the underlying dura. The weakened dura will then allow prolapse of either the temporal lobe or cerebellum into the mastoid cavity, and over time the intracranial pressure
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will result in erosion and exposure of the subarachnoid space with leakage of CSF. When this occurs, surgical exploration and direct dural repair with tissue grafts and supporting packing is necessary.

In an ear previously known to be normal, watery otorrhea after severe head trauma almost certainly represents meningeal laceration and CSF leakage. Egress of fluid from the ear canal will occur most commonly in cases of longitudinal 
temporal bone fractures, because the tympanic membrane will often be disrupted in these situations. Leakage of CSF from the external auditory canal occurs in 21% to 44% of temporal bone fractures.[6] [15] Because the drainage will typically 
be mixed with blood, the presence of CSF should always be suspected. If profuse clear otorrhea follows trauma that is confined to the external auditory canal and tympanic membrane, stapes luxation and a congenital abnormality of the 
labyrinth are suggested. Prompt surgical exploration and, if appropriate, oval window sealing are necessary.

A rare cause of clear, painless otorrhea that is not CSF in origin is gustatory otorrhea or Frey's syndrome of the external ear canal. A fascinating case of a patient who routinely experienced drainage of clear fluid from one ear canal stimulated 
by the ingestion of food has been reported.[30] Excisional biopsy of the canal skin showed thickened skin with sudomotor gland hyperplasia. The drainage in this case was clearly originating from the external ear and not from a parotid fistula 
to the external canal, which was another diagnostic consideration.

OTALGIA

Otalgia most commonly reflects either localized otologic pathology or a problem within a contiguous, periauricular structure, and the physical examination will usually reveal the source of the pain. However, it is not uncommon for a patient 
to complain of ear pain and have no identifiable pathology within the ear. Evaluation of patients with otalgia is facilitated by a thorough understanding of the innervation of the ear. Appreciation of the anatomy underlying shared neural 
pathways and the potential causes of referred otalgia arising from a distant site enables the astute physician to reach a diagnosis when evaluating a patient with the complaint of ear pain.

The auricle, periauricular region, external canal, and middle ear are supplied with sensory afferents from the trigeminal, facial, glossopharyngeal, and vagal nerves, as well as the cervical plexus. The auriculotemporal branch of the 
mandibular division of the trigeminal nerve provides sensation to the tragus, anterior pinna, anterior lateral surface of the tympanic membrane, and anterosuperior external auditory canal wall. The vagus nerve provides sensation to the 
larynx, hypopharynx, trachea, esophagus, and thyroid gland. The auricular branch of the vagus nerve (Arnold's nerve) provides sensation to the concha, inferoposterior external auditory canal, tympanic membrane, and postauricular skin. The 
glossopharyngeal nerve provides sensory innervation to the oropharynx, tonsils, and tongue base. Jacobson's nerve is the tympanic branch of the glossopharyngeal nerve that provides sensation to the medial surface of the tympanic 
membrane, mucosa of the middle ear, eustachian tube, and mastoid air cells. The cervical roots C2 and C3 provide sensation to the postauricular region. The facial nerve innervates the skin of the lateral concha and antihelix, lobule, mastoid, 
posterior external auditory canal, and posterior portion of the tympanic membrane.

Otalgia can be categorized as pain arising from local or regional pathology or pain that is referred in nature. Otalgia localized to the ear can be caused by acute otitis media, otitis externa, mastoiditis, eustachian tube dysfunction, cerumen 
impaction, inflammation or infection of the auricle, or ear trauma. Regional causes include temporomandibular joint dysfunction and periauricular lymphadenopathy from scalp or neck infections. Pain may be referred to the ear from distant 
sources such as periodontal or dental disease, parotitis, sinusitis, thyroiditis, tonsillitis, laryngitis, or hiatal hernia with gastroesophageal reflux. Essentially, referred pain to the ear can arise from any structure within the head and neck that 
shares a common neural pathway with the temporal bone and periauricular region. In the initial assessment, examination of the ear will indicate whether the otalgia is local or regional in origin. If the ear examination is normal, it is helpful to 
ask the patient to point with one finger to the area of maximal pain.

The trigeminal nerve has a wide sensory distribution throughout the head and neck. Infection and neoplasms within the nasal cavity or paranasal sinuses, particularly the sphenoid or maxillary sinuses, can cause irritation of the vidian nerve, 
resulting in referred otalgia. Contact points between the turbinates and septal spurs can also cause a similar type of pain. Nasopharyngeal surgery and neoplasms and infections in this region are common sources of referred otalgia. In 
children, erupting dentition is the most common cause of referred ear pain, which is recognized as ear pulling in preverbal children. Similarly, an impacted molar in an adult may cause symptoms of ear pain. Dental malocclusion resulting 
from temporomandibular joint dysfunction (Costen's syndrome) can cause referred ear pain from masticator muscle spasms. A history of excessive gum chewing, malocclusion, and bruxism may suggest this diagnosis. Sluder's neuralgia 
consists of lancinating pain in the lower face that radiates to the orbit, temple, forehead, and upper
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neck. The sphenopalatine branch of the trigeminal nerve is the source of this pain.

The facial nerve can be involved in referred ear pain in cases of geniculate neuralgia, Bell's palsy, and herpes zoster oticus. The ear pain of herpes zoster oticus can occur even in the absence of a significant vesicular eruption. The otalgia 
associated with Bell's palsy frequently occurs before the onset of the facial paralysis.

The glossopharyngeal and vagus nerves can transmit referred ear pain as a result of pathology originating from anywhere within the upper aerodigestive tract. The ninth nerve can be stimulated from pathology in the pharynx such as 
tonsillitis, postoperative tonsillectomy, peritonsillar abscess, and neoplasms. Lingual tonsillitis and impacted foreign bodies within the tongue can also cause otalgia. Eagles' syndrome consists of ear pain secondary to stretching and irritation 
of the glossopharyngeal nerve from elongation of the styloid process. Glossopharyngeal neuralgia is similar to tic douloureux or trigeminal neuralgia. The pain is sharp and lancinating in quality and originates in the tongue base, soft palate, 
or tonsillar fossa and radiates to the ear. Rosenmüller's fossa may be the trigger zone with this form of neuralgia.

Neoplasms within the larynx and esophagus have long been recognized as causes of referred otalgia. Ulcerations, foreign bodies, and reflux also can be seen in this manner. Chronic or subacute inflammation of the thyroid gland may cause 
referred ear pain through stimulation of the vagus nerve.



AURAL FULLNESS

Patients often describe aural fullness as a stuffy feeling in the ear, ear pressure, or a clogged sensation. This subjective symptom may be associated with a variety of ear disorders.

Aural fullness may occur because of obstruction of the external ear canal by cerumen, debris, or a foreign body. A sensation of fullness also may result from a soft-tissue mass either in the middle ear or arising from the tympanic membrane. 
Both cholesteatoma and neoplasms can present in such a manner. If the patient's history reveals associated ear pain, drainage, or hearing loss, the physical examination will easily establish the diagnosis in these cases.

An abnormally patent or an obstructed eustachian tube also may elicit the sensation of aural fullness. Patients complain of autophony and of hearing breath sounds in the ear. A history of weight loss, steroid use, or hormonal therapy may 
precede the onset of symptoms. Evidence for an abnormally patent eustachian tube includes relief of symptoms (1) when the patient is supine or bending over; (2) during periods of nasal congestion; and (3) with sniffing. Evidence for a 
chronically obstructed eustachian tube orifice would include the inability to insufflate the ear with Valsalva's maneuver, chronic retraction of the tympanic membrane, and a history of nasal congestion and allergic disorder.

Aural fullness also is part of the symptom complex of Ménière's disease. When the fullness is associated with fluctuating hearing and discrete spells of vertigo, its significance is apparent.

Aural fullness may occur as the result of a perilymphatic fistula. Seltzer and McCabe[37] noted that 25% of patients with fistulas confirmed at time of exploratory tympanotomy had aural fullness.

Fluid collected in the middle ear may elicit the sensation of aural fullness. Evidence of serous otitis media should be sought; in unusual cases, CSF may accumulate in the middle ear from a defect in the tegmen of either the middle ear or the 
mastoid. If a pressure-equalizing tube is in place and clear watery drainage is evident, the distinction between CSF and a serous effusion must be made. If the drainage is CSF, the drainage will be increased when the patient performs 
Valsalva's maneuver or lightly compresses the jugular veins, increasing intracranial pressure.

HEARING LOSS

A complaint of hearing loss can reflect a wide variety of abnormalities ( Box 126-2 ) and requires different considerations in children than in adults. Evaluation should determine whether the loss is unilateral or bilateral, acute, progressive, or 
fluctuating in nature. The time course of the hearing loss should be established and associated symptoms of aural fullness, pain, otorrhea, vertigo, tinnitus, or cranial neuropathies documented. The medical history should investigate current 
and past treatments with oral and intravenous medications, as well as nonprescription drug use. The patient should be screened for systemic diseases, including cardiovascular, metabolic, endocrine, neurologic, hematologic, and autoimmune 
diseases. Prior ear surgery, cardiac bypass surgery, and lumbar puncture also may be relevant to the current complaint of hearing loss.[25] A family history of hearing loss, neoplasms, renal disease, and balance disorders should be obtained. 
Finally, previous sharp or blunt head trauma, noise trauma, or barotrauma should also be noted.

Establishing the time course of the hearing loss can be very revealing in determining the cause of the problem. It should be determined whether the loss is acute in onset, gradual or longstanding, fluctuating, rapidly progressive, or of 
unknown duration.

Acute unilateral hearing loss may reflect sudden idiopathic sensorineural hearing loss, a complication of a viral or bacterial infection, labyrinthine fluid
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abnormality, a vascular event, trauma, neoplasm, autoimmune abnormality, a neurologic problem, or a side effect of medication.

 
 

Box 126-2. HEARING LOSS IN ADULTS

 
Acute 

Sudden idiopathic sensorineural hearing loss 
 
Infection (acute otitis media, external otitis, syphilis, Lyme disease, viral) 
 
Perilymphatic fistula 
 
Ischemia of retrocochlear structures 
 
Multiple sclerosis 
 
Autoimmune disease 
 
Traumatic 
 
Metabolic (chronic renal failure) 
 
Hematologic (sickle cell anemia) 
 



 
Gradual 

Presbycusis 
 
Noise-induced 
 
Familial 
 
Retrocochlear neoplasm 
 
Chronic otitis media, cholesteatoma 
 
Otosclerosis 
 
Endocrine (hypothyroidism, diabetes mellitus) 
 
Paget's disease 
 
Metabolic (chronic renal failure, hyperlipoproteinemia) 
 
Mucopolysaccharidosis 
 

 
Fluctuating 

Perilymphatic fistula 
 
Ménière's disease 
 
Multiple sclerosis 
 
Migraine-associated hearing loss 
 
Infection (syphilis) 
 
Autoimmune (Cogan's syndrome, systemic lupus, polyarteritis nodosa, Wegener's syndrome, temporal arteritis, 
scleroderma) 
 
Sarcoidosis 
 

 
Rapidly progressive 

Autoimmune inner-ear disease 
 
Meningeal carcinomatosis 
 
Vasculitis secondary to infection (Rocky Mountain spotted fever) 
 
Lyme disease 
 
Ototoxic exposure (aminoglycosides, diuretics, chemotherapy) 
 

 
 
Viral infections such as mumps, rubella, rubeola, and Epstein-Barr virus (EBV) may involve the ear directly by causing varying degrees of transient or permanent hearing loss with or without associated vertigo. These infections may also 
cause a serous labyrinthitis, causing sensorineural hearing loss from toxins affecting the inner ear. Ramsay-Hunt syndrome is an example of a viral polyneuropathy that typically involves facial and cochleovestibular dysfunction. Bacterial 
and fungal meningitis may also extend to the labyrinth, causing sudden hearing loss. Other infectious causes of sudden hearing loss are acute otitis media, suppurative labyrinthitis from acute or chronic otitis media, and syphilis. In most of 
these cases, the history, physical examination, and appropriate serology will establish the etiology of the hearing loss.

Abnormalities of labyrinthine fluid include hydrops and perilymphatic fistula. Both of these conditions typically cause fluctuating hearing loss, but sudden, permanent loss also is possible. A history of recent heavy lifting or straining, head 
trauma, or barotrauma would suggest a possible perilymphatic fistula. Hydrops typically causes low-frequency hearing loss. The presence of diplacusis and recruitment on examination, as well as associated spells of recurrent vertigo, would 



support the diagnosis.

Sudden hearing loss may occur as the result of a vascular event involving the cochlea. Thrombosis or embolic occlusion of the labyrinthine and cochlear arteries is an uncommon but well-recognized cause of hearing loss. Hyperviscosity 
states such as polycythemia vera may result in cochlear ischemia. Obstruction of small vessels as a result of diabetes mellitus, atherosclerosis, and sickle cell anemia should also be considered when no other causes of hearing loss can be 
identified.

Head trauma, barotrauma, and noise trauma can all result in acute hearing loss that may be transient or permanent. Direct head trauma resulting in temporal bone fracture may cause either a conductive or a sensorineural hearing loss. 
However, hearing loss also may occur because of a concussive injury to labyrinthine membranes without an associated temporal bone fracture. The history is usually sufficient in these cases to establish the cause of the hearing loss.

Sudden transient or permanent hearing loss is an atypical presentation of a retrocochlear neoplasm in the cerebellopontine angle. This diagnosis can be difficult to make, because associated symptoms from a tumor presenting in this manner 
are uncommon, particularly in the case of small tumors. Radiographic imaging should always be performed in cases of sudden hearing loss without any identifiable etiology.

A number of autoimmune disorders (relapsing polychondritis, polyarteritis nodosa, sarcoidosis, Crohn's disease, Cogan's syndrome, systemic lupus erythematosus) have been associated with sensorineural hearing loss. Hearing loss is not 
typically the initial presentation for many of these disorders, and there are usually other symptoms in the history in addition to physical examination findings that will suggest the underlying disease process.
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When evaluating a patient with sudden hearing loss, the presence or absence of other neurologic symptoms should be investigated. Hearing loss that is unilateral, bilateral, sudden, subacute, or insidious may be the presenting symptom for 
multiple sclerosis.[10] [36] Presentation of hearing loss associated with ophthalmologic disease should prompt investigation of Susac syndrome. First described in 1979, the syndrome is characterized by the triad of retinal arterial occlusions, 
encephalopathy, and cochlear microangiopathy. The neurotologic features are frequently misdiagnosed as multiple sclerosis, delaying the effective treatment and control of symptoms with systemic immunosuppression. [33] 

In adults, a gradual or longstanding hearing loss may reflect a variety of disorders ( Box 126-2 ). Bilateral gradual hearing loss may reflect presbycusis, noise-induced hearing loss, or familial sensorineural hearing loss. A history of exposure 
to ototoxic medication should also be investigated. If the sensorineural hearing loss is unilateral, a retrocochlear lesion should be investigated as the cause of the loss. If the loss has a conductive component, diagnoses such as otosclerosis, 
chronic otitis media with effusion, malleus head fixation, tympanosclerosis, myringosclerosis, tympanic membrane perforation, cholesteatoma, or ossicular chain disruption should be considered.

Tumors of the jugular foramen will commonly present with unilateral hearing loss. This loss may be conductive because of a mass effect of the tumor impinging on the tympanic membrane and ossicles or sensorineural secondary to erosion 
of the cochlea or compression of the eighth nerve within the internal auditory canal and cerebellopontine angle. Although symptoms related to these tumors may be subtle, diagnostic suspicion should be high when evaluating a patient with a 
middle ear or external auditory canal mass associated with pulsatile tinnitus. Dysfunction of the lower cranial nerves may occur in a number of combinations ( Table 126-1 ), depending on the size and location of the tumor.

 
TABLE 126-1 -- LOWER CRANIAL NERVE DEFICITS ASSOCIATED WITH JUGULAR FORAMEN SYNDROMES

 CRANIAL NERVE

Syndrome IX X XI XII

Avellis's  x   

Tapia's  x   

Vernet's x x x  

Jackson's  x x x

Collet-Sicard x x x x
 
Causes of fluctuating hearing loss include Ménière's disease, perilymphatic fistula, luetic labyrinthitis, multiple sclerosis, tuberculosis, autoimmune disorders, and sarcoid. Ménière's disease is usually easily recognized because of the 
associated vestibular symptoms. Diagnosis of a perilymphatic fistula can be challenging because the symptoms can be quite variable. However, a history of prior ear surgery, head trauma, barotrauma, or straining may increase suspicion for 
this problem. Syphilitic inner-ear disease also can be an elusive diagnosis because of the variety of possible presenting symptoms. When hearing loss is associated with either autoimmune disorders or sarcoid, the patient will typically have 
other systemic symptoms relating to the primary disorder that facilitate recognition of the nature of the hearing loss.[5] 

Rapidly progressive hearing loss may occur in adults or children because of isolated autoimmune inner-ear disease or because of systemic autoimmune disease with otologic involvement. The hearing loss may be unilateral initially but will 
progress to bilateral involvement. In addition, the loss may fluctuate or present as a sudden sensorineural hearing loss. Autoimmune diseases associated with hearing loss are Cogan's syndrome (nonsyphilitic interstitial keratitis with 
audiovestibular involvement),[24] [27] luetic ear disease, polyarteritis nodosa, relapsing polychondritis, sarcoid, ulcerative colitis, systemic lupus erythematosus, Wegener's disease, Churg-Strauss syndrome, and Behçet's disease.

An unusual cause of rapidly progressive or sudden hearing loss is neoplastic disease metastatic to the brain or temporal bone from a distant primary site. Additional symptoms of metastatic disease include tinnitus, vertigo, disequilibrium, and 
facial nerve paralysis. Metastatic disease may involve the brain and skull base by several mechanisms: metastatic disease may involve the temporal bone directly through hematogenous spread to petrous bone marrow; metastases may be 
single or multiple intraparenchymal or epidural lesions; and diffuse multifocal seeding of the leptomeninges (meningeal carcinomatosis) also may occur. The most common sources of metastatic disease directly affecting the temporal bone 
are breast, lung, kidney, stomach, bronchus, and prostate neoplasms. The most common tumor type that causes intraparenchymal lesions is carcinoma of the lung. In general, 20% of intraparenchymal brain metastases occur in the cerebellum 
and brainstem. Prostate carcinoma and breast cancer both have a propensity to metastasize to the dura. Non-Hodgkin's lymphoma, breast carcinoma, and melanoma are the most common tumor types associated with leptomeningeal 
metastasis. A high index of suspicion for metastatic disease should always be maintained when evaluating
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a patient with a known history of cancer who presents with new cranial nerve deficits. [35] [42] [47] 

When evaluating a child with hearing loss, multiple factors must be considered. If possible, it should be determined whether the hearing loss is congenital (present at birth) or if auditory function was present initially with subsequent loss of 
hearing. If the hearing loss is congenital, acquired and hereditary etiologies must be considered. In 1994, the Joint Committee on Infant Hearing[1] proposed a position statement on identifiable risk factors associated with neonatal hearing loss. 
These risk factors include a family history of hereditary childhood sensorineural hearing loss; perinatal infection with cytomegalovirus, rubella, syphilis, herpes, or toxoplasmosis; evidence of craniofacial abnormalities; birth weight <1500 g; 
significant hyperbilirubinemia requiring exchange transfusion; treatment with ototoxic medications; history of bacterial meningitis; a history of Apgar scores between 0 and 4 at 1 minute or 0 and 6 at 5 minutes; a history of prolonged 
mechanical ventilation in the postnatal period; or any other findings on physical examination suggestive of a syndrome associated with hearing loss. Biotinidase deficiency, an autosomal recessive disorder of failure to recycle the vitamin 
biotin, results in mental retardation, hypotonia, seizure disorder, alopecia, and skin rash. Sensorineural hearing loss is now recognized to occur in up to 75% of children with a symptomatic biotinidase deficiency. Early recognition in the 
neonatal period is critical for initiating appropriate therapy.[45] 

Diagnostic considerations for acquired perinatal and postnatal hearing loss include kernicterus or encephalopathy secondary to hyperbilirubinemia, prematurity with low birth weight, birth trauma, postnatal anoxia requiring mechanical 
ventilation, and treatment with ototoxic medications in the postnatal period. It should be remembered that young children are particularly vulnerable to bacterial meningitis, and the incidence of hearing loss after such an infection is 3.5% to 
37%.[13] Acquired prenatal causes of hearing loss include maternal infections and exposure to teratogenic drugs such as isotretinoin. The acronym TORCHES refers to prenatal infections associated with congenital hearing loss: toxoplasmosis, 
rubella, cytomegalovirus, herpes simplex virus, and syphilis. Box 126-3 lists the 10 most common syndromes associated with hearing loss as well as some rare disorders in which hearing loss is a major feature.[34] 

It is estimated that approximately 20% of patients with congenital sensorineural hearing loss have radiographic evidence of an inner-ear malformation. [22] Malformations of the inner ear may occur because of a syndromic or nonsyndromic 
genetic abnormality, they may be secondary to maternal drug ingestion, or they may be idiopathic in nature. Congenital innerear abnormalities actually comprise a spectrum of recognized malformations that are associated with a variety of 
hearing loss patterns. Complete aplasia of the labyrinthine capsule (Michel deformity) is associated with profound deafness. The most common malformation is cochleosaccular dysgenesis (Scheibe dysplasia), which is a malformation 
limited to the membranous portion of the pars inferior. The Mondini deformity derives from arrested development of the labyrinthine capsule during the seventh week of gestation, resulting in a small cochlea with an incomplete partition and 
an abnormally dilated vestibular aqueduct and vestibule. Variable degrees of hearing loss and vestibular dysfunction are associated within the spectrum of labyrinthine developmental abnormalities. Generally, the more severe the 
malformation, the greater the associated hearing loss.

 
 

Box 126-3. HEARING LOSS IN CONGENITAL AND GENETIC CONDITIONS

 
Ten syndromes most commonly associated with hearing loss 

I.  Oculoauriculovertebral spectrum (hemifacial microsomia, Goldenhar's syndrome)
II.  Stickler syndrome (hereditary arthroophthalmopathy)

III.  Congenital cytomegalovirus
IV.  Usher's syndrome
V.  Branchio-otorenal syndrome

VI.  Pendred's syndrome
VII.  CHARGE association (coloboma [of eyes], hearing deficit, choanal atresia, retardation of growth, genital defects 

[males only], endocardial cushion defect)
VIII.  Neurofibromatosis type II
IX.  Mitochondrial disorders
X.  Waardenburg's syndrome

 
Rare disorders with hearing loss as a major feature 

I.  Otopalatal-digital syndromes
II.  Skeletal dysplasias (osteogenesis imperfecta)

III.  Metabolic storage diseases (mucopolysaccharidoses, Refsum's disease)
IV.  Townes-Brock syndrome
V.  Wildervanck syndrome

VI.  Biotinidase deficiency

 
 
A rare developmental abnormality that results in a prominent conductive hearing loss in children is a salivary gland choristoma of the middle ear. Twenty-six cases of heterotopic salivary gland tissue in the middle ear have been documented 
in the literature. Patients are seen at a young age with a persistent
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conductive hearing loss and a middle ear mass. Often the mass is adherent to the tympanic or descending portions of the facial nerve. In addition, associated malformations of the ossicular chain and external ear have been found.[4] [7] [20] 



The most common etiology of sensorineural hearing loss in early childhood is an inherited abnormality, with autosomal recessive patterns of inheritance responsible for almost three-quarters of hereditary cases. Genetic sensorineural hearing 
loss may or may not be present at birth; if delayed, it may present as progressive hearing loss during childhood. Identification of children with a genetic congenital hearing loss is facilitated by identifying any other associated abnormalities.[16] 

Recognition of noncongenital forms of hereditary hearing loss is also facilitated by the identification of associated physical and metabolic abnormalities. The presence of renal (Alport's syndrome, renal tubular acidosis, branchio-otorenal 
syndrome), ocular (Usher's syndrome, Refsum's syndrome), osseous (osteogenesis imperfecta, osteopetrosis), metabolic (mucopolysaccharidoses, Pendred's syndrome), cardiovascular (Jervell-Lange-Nielsen), musculoskeletal, and 
pigmentary (Waardenburg's syndrome) abnormalities, as well as the presence of craniofacial and external ear anomalies, should be investigated.

Kidney dysfunction in the form of chronic nephritis (Alport's syndrome) and renal tubular acidosis should be investigated. The presence of auricular pits, abnormal pinnae, branchial cleft anomalies, and renal dysplasia would lead to a 
diagnosis of branchio-otorenal syndrome. This autosomal-dominant condition is associated with mixed or purely conductive hearing loss. Enlarged vestibular aqueducts or Mondini deformity is frequently present.

Unusual pigmentation such as a white forelock, white eyelashes, premature graying, piebald skin, and heterochromia irides should lead to an investigation of Waardenburg's syndrome. All these patients will have dystopia canthorum or 
widely spaced medial canthi.

If there is a history of vision problems or delayed acquisition of walking, Usher's syndrome should be considered. The type I form of this autosomal recessive syndrome is characterized by congenital severe to profound hearing loss, absent 
vestibular function with resultant ataxia, and retinitis pigmentosa resulting in blindness. In the less common form of the disease, type II, vestibular function is normal, and the pattern of hearing loss is a congenital mild low-frequency and 
profound high-frequency sensorineural hearing loss. Type III is associated with progressive sensorineural hearing loss and a variable onset of retinitis pigmentosa. [39] Early identification of this abnormality is facilitated by the use of 
electroretinography, which is abnormal by 3 years of age before any functional or funduscopic abnormalities are present. Metabolic abnormalities associated with hearing loss include the mucopolysaccharidoses (Hunter's and Hurler's 
syndromes) and phytanic acid storage disease (Refsum's disease).

VERTIGO

The sensations of vertigo and disequilibrium in children and adults may reflect disease within the labyrinth, a retrocochlear abnormality involving either the eighth nerve or more central structures, or the effects of a systemic abnormality. A 
thorough and well-directed history will discriminate otologic from nonotologic causes of vertigo in most cases. Identification of associated symptoms, the time course of the vertigo or disequilibrium, precipitating and alleviating factors, and 
the general medical history should be evaluated in assessing patients with a balance problem.

Discriminating between central and peripheral causes of vertigo is facilitated by the patient's description of symptoms. A sensation of spinning or motion commonly results from acute vestibular dysfunction, such as viral neuronitis, 
labyrinthitis, and Ménière's disease. Nonvestibular causes of imbalance, such as cardiogenic, metabolic, neurogenic, or psychogenic dysfunction, are often described as a more nonspecific sensation of light-headedness. Encouraging the 
patient to describe his or her symptoms or spells in detail without using the word dizzy is helpful in the initial evaluation.

The time course of the patient's symptoms is also critical information that helps to discriminate between otologic and nonotologic causes of vertigo ( Box 126-4 ). Vertigo that is continuously present for weeks without fluctuation is generally 
not the result of a peripheral vestibular abnormality. Acute injury to the inner ear or eighth nerve will initially result in severe and prolonged vertigo. However, as central compensation progresses, the vertigo will subside over days to weeks. 
Persistent vertigo, therefore, indicates an uncompensated labyrinthine or eighth nerve lesion or a central abnormality.

Vertigo in discrete isolated spells should be characterized by the frequency and duration of symptoms. Vertigo that lasts for less than 1 minute can represent benign paroxysmal positional vertigo. Spells lasting several minutes may occur 
because of migraine-associated vertigo or transient ischemia of the vertebrobasilar circulation. Vertigo that is prolonged for hours is typical of Ménière's disease or endolymphatic hydrops. Vertigo that persists for days but gradually subsides 
is seen with vestibular neuritis.
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Box 126-4. TIME COURSE OF VERTIGO

 
Seconds to minutes to hours 

Perilymphatic fistula 
 
Benign paroxysmal positional vertigo 
 
Otosclerosis 
 
Vascular 
 
• Migraine
• Vertebrobasilar insufficiency (AICA)
• Wallenberg syndrome
• Hyperviscosity syndromes

 
Hours 



Ménière's disease 
 
Migraine 
 
Metabolic 
 
Iatrogenic 
 
Syphilis 
 

 
Days 

Labyrinthitis 
 
Temporal bone trauma 
 
Iatrogenic 
 
Viral neuronitis 
 
Vertebrobasilar infarction 
 
Cerebellar/brainstem hemorrhage 
 
Autoimmune neurolabyrinthitis 
 
Multiple sclerosis 
 

 
 
Diseases affecting the labyrinth that result in vertigo may be categorized as infectious, posttraumatic, metabolic, autoimmune, ischemic, drug-induced, hydropic, or multifactorial in character. The most common infectious cause of acute 
vertigo is viral labyrinthitis. Most patients with viral labyrinthitis have isolated vestibular dysfunction of sudden onset, without associated hearing loss. In some cases, identification of the inciting agent is evident because of systemic 
manifestation of the disease, such as with measles, mumps, infectious mononucleosis, herpes zoster, and cytomegalovirus. Bacterial infection from acute or chronic otitis media also may result in a toxic or serous labyrinthitis with vestibular 
symptoms. A more severe infection can result in suppurative labyrinthitis either from direct bacterial invasion into the inner ear from chronic otomastoiditis (through a labyrinthine fistula from a cholesteatoma) or from bacterial meningitis 
contaminating the perilymphatic space of the labyrinth through the cochlear aqueduct or internal auditory canal. Chronic infections such as syphilis and Lyme disease may cause persistent or recurring symptoms of vertigo and disequilibrium 
through direct invasion of the otic capsule or by leptomeningeal involvement.

Traumatic causes of vertigo include temporal bone fractures, labyrinthine concussion, and perilymphatic fistula. Transverse fractures of the temporal bone extend from the posterior fossa across the petrous portion of the temporal bone into 
the vestibule. Rupture of the membranous labyrinth and laceration of the cochleovestibular nerve in these cases result in profound deafness and severe vertigo. Longitudinal temporal bone fracture without violation of the labyrinth and blunt 
head trauma without associated temporal bone fracture also may cause hearing loss and vertigo because of a concussive injury to the membranous labyrinth.

Metabolic causes of vertigo should always be sought in otherwise unexplained cases. Systemic metabolic abnormalities that can affect vestibular function include hyperviscosity syndromes (hyperlipidemia, polycythemia, macroglobulinemia, 
sickle cell anemia), diabetes mellitus, hyperlipoproteinemia, and hypothyroidism. Hormonal fluctuations occurring in the premenstrual and perimenopausal periods and oral contraceptives and estrogen replacement therapy also may cause 
neurotologic symptoms, including vertigo. Metabolic dysfunction isolated to the labyrinth may occur because of cochlear otosclerosis. In addition to sensorineural hearing loss, cochlear otosclerosis may cause vestibular symptoms of 
disequilibrium or vertigo. Altered cochlear microvascularization, direct otosclerotic degeneration of vestibular nerve fibers, and humoral toxicity secondary to proteolytic enzymes within the perilymph have all been proposed as mechanisms 
for vertigo associated with otosclerosis.

A number of collagen vascular disorders have been associated with vestibular dysfunction as a form of autoimmune inner-ear disease. Common disorders of this type include rheumatoid arthritis, polyarteritis nodosa, temporal arteritis, 
nonsyphilitic interstitial keratitis, lupus, sarcoid, relapsing polychondritis, dermatomyositis, and scleroderma.

Ischemia of small labyrinthine vessels will cause isolated infarction of the vestibular labyrinth and vertigo; occlusion of larger vessels such as the anterior inferior cerebellar artery or its branches will cause sudden and profound loss of both 
auditory and vestibular function and regional infarction of the brainstem. [29] 

Aminoglycoside ototoxicity is a well-recognized cause of drug-induced vertigo. The degree of cochlear and vestibular toxicity of these drugs varies with each drug, the duration of treatment, concomitant exposure to noise, and genetic 
susceptibility of the individual.[2] 

Endolymphatic hydrops or Ménière's disease is defined by the well-recognized symptoms of vertigo, hearing loss, tinnitus, and aural fullness. The underlying mechanism(s) that cause abnormal homeostasis of
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endolymph resulting in distention and rupture of the membranous labyrinth is unknown. Histopathologic findings suggest that fibrosis of the endolymphatic sac, altered glycoprotein metabolism, and viral infections may be pathogenic 
mechanisms, but further study in this area is needed.[44] 

Finally, some forms of peripheral vertigo may be considered multifactorial in nature. Advanced age, head trauma, prior ear surgery, prolonged inactivity, and viral labyrinthitis have all been associated with the development of paroxysmal 
positional vertigo. The underlying mechanism is the same regardless of the predisposing factor. Otoconia or calcium carbonate crystals normally attached to the macula of the utricle become free floating within the endolymph of the posterior 
semicircular canal. These free-floating particles become gravity sensitive and cause a hydrodynamic shift in endolymph that affects the posterior semicircular canal cupula in response to provocative head movements, resulting in positional 
vertigo.

Retrocochlear causes of vertigo can be categorized as neoplastic, paraneoplastic, vascular (infarction or ischemia), and demyelinating in origin. Diagnosis of these causes relies on a thorough history and physical examination documenting 
other associated cranial nerve or neurologic deficits, evidence of malignancy, and identification of risk factors for vascular disturbances.

Cerebellopontine angle tumors such as acoustic neuroma and meningioma more commonly cause a sense of disequilibrium or unsteadiness rather than true vertigo. Because these tumors are slow growing, central compensation occurs over 
time for the unilateral loss of vestibular function. In addition, these space-occupying lesions of the posterior fossa may cause disequilibrium and positional vertigo because of cerebellar compression. Brainstem tumors such as gliomas and 
medulloblastomas will commonly present with vestibular and cochlear symptoms in addition to long tract signs, cranial nerve deficits, ataxia, and headache.

Although paraneoplastic syndromes associated with carcinoma are uncommon causes of vertigo, they are worthy of mention, because the vestibular symptoms may precede the diagnosis of underlying malignancy.[18] Paraneoplastic 
encephalomyelitis is an autoimmune process most commonly associated with small cell carcinoma of the lung. Inflammatory changes may occur throughout the neuraxis, with subsequent neuronal destruction and glial activation. When the 
brainstem is involved, degeneration of the vestibular nuclei and the lower cranial nerves is common. Paraneoplastic cerebellar degeneration has been associated with lymphoma and with carcinoma of the ovary, breast, and lung. 
Paraneoplastic cerebellar degeneration may present as sudden-onset vertigo or progressive truncal and extremity ataxia with nystagmus, dysarthria, and diplopia.

Cerebellar atrophy and diffuse small vessel ischemia associated with aging may cause mild unsteadiness but rarely true vertigo. The coexistence of multisensory deficits with decreased peripheral sensitivity and proprioception and poor 
visual acuity will exacerbate any central or vestibular hypofunction resulting in dysequilibrium.

Acute vascular events affecting the cerebellum and brainstem usually produce more pronounced and severe symptoms. Transient ischemia of the vertebrobasilar system may cause acute onset of vertigo that lasts only minutes and resolves 
without sequelae. Occlusion of the vertebral artery or the posteroinferior cerebellar artery results in infarction of the dorsal lateral medulla (Wallenberg's syndrome). Cerebellar ataxia, vertigo with nausea and vomiting, Horner's syndrome, 
conjugate gaze paresis and contralateral loss of pain, and temperature sensation are the associated signs and symptoms. Episodic vertigo may be a component of a migraine aura involving the basilar artery. The vertigo may occur in 
conjunction with or precede the migraine headache. Vertigo also may occur without headache; this is known as migraine equivalent.

Demyelinating disorders of the central nervous system are uncommon causes of vertigo and dysequilibrium. Unusual causes of demyelination include exposure to toxins (carbon monoxide, lead, methotrexate), nutritional disorders (vitamin 
B12 deficiency), postviral syndromes (measles, papovavirus), and hereditary degeneration. Multiple sclerosis is the most common demyelinating disorder encountered by otolaryngologists assessing cochleovestibular dysfunction. Although 
vertigo is the presenting symptom in only 5% of patients with multiple sclerosis, disequilibrium and unsteadiness are common in most of these patients at some point in their disease.
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Chapter 127 - OTOLOGIC MANIFESTATIONS OF SYSTEMIC DISEASE

Saumil N. Merchant 
Joseph B. Nadol Jr. 

INTRODUCTION

Several systemic diseases may involve the ear, including granulomatous and infectious processes, tumors, bone disorders, storage diseases, collagen vascular and autoimmune diseases, and immunodeficiency disorders ( Table 127-1 ). In 
some of these diseases, the initial clinical symptoms may occur in the temporal bone and be confused with other diseases that are limited to the ear.

GRANULOMATOUS AND INFECTIOUS DISEASES

Chronic otitis media with otorrhea, inflammation, and granulation of the middle ear and mastoid is one of the most common entities treated by otolaryngologists. However, several more generalized disease entities, such as the Langerhans 
cell histiocytosis, tuberculosis, Wegener's granulomatosis, and mycotic diseases may closely mimic the symptoms of chronic suppurative otitis media, whereas others, such as Lyme disease and sarcoidosis, may mimic idiopathic cranial 
neuropathy.

Langerhans Cell Histiocytosis

Langerhans cell histiocytosis (LCH; formerly called histiocytosis X) refers to a group of disorders that are characterized by a proliferation of cytologically benign histiocytes. The term "histiocytosis X" was proposed by Lichtenstein,[51] who 
considered eosinophilic granuloma, Hand-Schüller-Christian disease, and Letterer-Siwe disease to be related disorders because of the similarity of their pathologic lesions. However, the severity of these diseases—and hence prognosis and 
treatment—differ greatly. Histopathologically, the primary lesion of LCH is formed by collections of pathologic Langerhans cells with variable numbers of eosinophils, macrophages, and lymphocytes. Diagnostic characteristics of the 
pathologic Langerhans cells include nuclei that are deeply indented and elongated on light microscopy, cytoplasm that is pale and abundant, Birbeck granules on electron microscopy, expression of CD1 on the cell surface, and positive 
immunostaining for S100 protein.[92] The etiology and pathogenesis of LCH remain unknown, although recent research has begun to unravel some of the mystery.[37] [92] The proliferation of histiocytes in this disorder has been shown to be 
monoclonal, but it remains to be determined whether clonality represents a true neoplasm or an overgrowth of cells of common parentage under the ongoing influence of an unknown selective stimulus. Other etiologic factors that have been 
suggested include immune abnormalities that result in the unchecked proliferation of pathologic Langerhans cells and viral infection.

Unifocal eosinophilic granuloma, which occurs in children and young adults, demonstrates a male predominance. It appears as a solitary osteolytic lesion in the femora, pelvis, scapulae, vertebrae, ribs, mandible, maxilla, or skull (including 
the temporal bone). The lesion may be asymptomatic, or it may cause pain, local swelling, or even pathologic fracture. There are no systemic manifestations. The clinical course is typically benign, the prognosis is excellent, and spontaneous 
regression may occur. Local curettage with or without low-dose irradiation (approximately 600 cGy)[100] is usually curative. Temporary splinting or casting may be necessary for weight-bearing bones. Follow-up examination with a 
radiographic skeletal survey should be performed to detect lesions at other sites; such lesions are almost always found within a year.

Hand-Schüller-Christian disease may be best understood as a multifocal form of LCH. It usually occurs in children who are younger than 5 years old, and it is characterized by multifocal osteolytic lesions with limited extraskeletal 
involvement of skin, lymph nodes, and viscera. Multiple lesions are evident at diagnosis or develop within 6 months after a unifocal lesion appears. Systemic manifestations include fever, anorexia, recurrent upper respiratory infections,
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TABLE 127-1 -- SYSTEMIC DISEASES THAT AFFECT THE EAR

1 Granulomatous and infectious diseases

•••a. Langerhans cell histiocytosis

•••b. Tuberculosis

•••c. Wegener's granulomatosis

•••d. Sarcoidosis

•••e. Syphilis



•••f. Lyme disease

•••g. Mycotic diseases

2 Neoplastic diseases

•••a. Multiple myeloma

•••b. Leukemia

•••c. Metastatic neoplasms

•••d. Paraganglioma (glomus tumor)

3. Diseases of bone

•••a. Paget's disease (osteitis deformans)

•••b. Osteogenesis imperfecta

•••c. Fibrous dysplasia

•••d. Osteopetroses

•••e. Osteitis fibrosa cystica

4. Storage and metabolic diseases

•••a. Mucopolysaccharidoses

•••b. Gout

•••c. Ochronosis

5. Collagen vascular and autoimmune diseases

6. Immunodeficiency disorders

•••a. Primary or congenital

••••••••i. Humoral immunodeficiency disorders

•••••••ii. Cellular immunodeficiency disorders

••••••iii. Disorders of phagocyte function

•••••••iv. Complement system defects

•••b. Acquired

••••••i. Acquired immunodeficiency syndrome
 
anterior cervical lymphadenopathy, otitis media, and hepatosplenomegaly. The classic triad of osteolytic skull lesions, exophthalmos as a result of orbital bone involvement, and diabetes insipidus due to pituitary disease may be seen in up to 
25% of patients. [20] The chest radiograph may demonstrate diffuse pulmonary infiltration, particularly in central and perihilar areas. Hilar lymphadenopathy is rare. Diagnosis requires biopsy of an accessible lesion. Spontaneous regression 
may occur, but the disease is typically chronic, and low-dose chemotherapy may be required to control systemic manifestations.

Letterer-Siwe disease is a disseminated form of LCH that occurs in children who are younger than 3 years old and presents with the diffuse involvement of multiple organs. Manifestations include fever, seborrheic or eczema-like rash, oral 
lesions, lymphadenopathy, hepatosplenomegaly, multiple bony lesions, diffuse replacement of marrow with resulting blood dyscrasias, and pulmonary infiltration with respiratory failure. The disease is virulent, with a poor prognosis and a 
high mortality rate. Treatment consists of varying combinations of corticosteroids and cytotoxic drugs such as methotrexate, 6-mercaptopurine, vincristine, vinblastine, chlorambucil, cyclophosphamide, and etoposide. High-dose 
chemotherapy and radiation followed by bone marrow transplantation or hematopoietic stem cell transplantation has been reported to be successful in a few advanced refractory cases of LCH.[4] 

Otologic Manifestations

The mastoid is a common site of involvement in LCH. When small, the lesion is asymptomatic. As it expands, the lesion may manifest in several ways: by erosion of the posterior bony canal wall; by erosion through the cortex of the 
mastoid, zygomatic, or squamosal portions; or by secondary infection.[94] The otic capsule and facial nerve are relatively resistant. Although sensorineural hearing loss (SNHL), vertigo, and facial nerve paralysis can occur, they are infrequent. 
Similarly, extension beyond the temporal bone involving the jugular fossa and skull base is rare.

The reported incidence of otologic manifestations in patients with LCH varies from 15% to 61%[20] and may be the initial presentation of the disease. The most common symptom is otorrhea, followed by postauricular swelling, hearing loss, 
and vertigo.[58] [111] The most common sign is granulation tissue or aural polyps in the external auditory canal. However, the disease may present with perforation of the tympanic membrane, otitis media, otitis external, a fistula between the 
mastoid and the external canal, or nontender postauricular swelling. Occasionally, inner-ear symptoms and a positive fistula test will be found in the presence of an intact tympanic membrane. The disease often mimics chronic otitis media, 
and mastoid surgery is frequently performed before the diagnosis is made. [94] 

Diagnosis of LCH is suggested by an inflammatory disorder of the middle ear and mastoid that does not respond to routine antibiotic therapy, bilateral destructive ear disease, an elevated erythrocyte sedimentation rate in the absence of acute 
infection, exuberant granulation tissue after mastoid surgery with a persistently draining cavity, and associated skin and systemic lesions. Radiographs show destructive lesions in the mastoid and temporal bones ( Figure 127-1 and Figure 
127-2 ). [39] [94] [111] The diagnosis is established by biopsy; because the surface of the granulation tissue often shows infection, necrosis, and fibrosis, tissue should be acquired from deeper parts of the lesion.[93] Microscopic findings include sheets 
of histiocytes with a variable number of eosinophils, plasma cells, polymorphonuclear leukocytes, and multinucleated
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Figure 127-1 Multiple eosinophilic granulomas in a 32-year-old woman. There are two lytic lesions of the skull showing beveled edges (arrows) and nonsclerotic margins, which are typical of this disease. 

 

Figure 127-2 Irregular lytic lesion in the mastoid bone (arrows) of a 13-year-old boy with unifocal eosinophilic granuloma. 

 

Figure 127-3 Letterer-Siwe disease affecting the temporal bone of a 4-year-old boy. Granulation tissue typical of histiocytosis can be seen in lytic lesions within the mastoid (M), the middle ear (ME), and the petrous apex (PA) (×4). 

 

Figure 127-4 A higher-power view of part of the middle ear area seen in Figure 127-3 . The infiltrate consists of histiocytes, eosinophils, and multinucleated cells. The incus (I) has been partially resorbed (×45). 



 

Figure 127-5 Eosinophilic granuloma of the external ear canal with plasma cells (P), eosinophils, and histiocytes, (H), which show "folded" nuclei, a morphology that is peculiar to the histiocytoses (×640). 

 

Figure 127-6 Tuberculous granulation tissue filling the middle ear of a 57-year-old man who died of miliary tuberculosis. TM, Tympanic membrane; M, malleus; I, incus; MA, mastoid; FN, facial nerve (×9). (From Schuknecht HF: 
Pathology of the ear, Cambridge, MA, 1974, Harvard University Press, p 221.) 

 

Figure 127-7 A higher-power view of the tympanic membrane (TM) seen in Figure 127-6 . The TM is intact but greatly thickened by tuberculous granulation tissue containing the typical epithelioid cells, round cells, and multinucleated giant 
cells (G) (×70). (From Schuknecht HF: Pathology of the ear, Cambridge, MA, 1974, Harvard University Press, p 221.) 

 

Figure 127-8 Wegener's granulomatosis causing blockage of the eustachian tube (ET) and infiltration of the middle ear (ME) in a 41-year-old man. EAC, External auditory canal; TT, tensor tympani; CO, cochlea; IAC, internal auditory canal 
(×10). (Courtesy of Leslie Michaels, M.D., Institute of Laryngology and Otology, London.) 



 

Figure 127-9 Wegener's granulomatosis in lung biopsy specimen. A, Arteriole demonstrating necrotizing vasculitis with obliteration of the lumen (L) and infiltration of the vessel wall with polymorphonuclear leukocytes. (Elastic stain; 
×256.) B, Vessel wall demonstrating fibrin deposit (F), giant cells (G), and granuloma (GR) (Hematoxylin-eosin stain; ×256). 

 

Figure 127-10 Bilateral hilar adenopathy and linear parenchymal densities in a 56-year-old woman with pulmonary sarcoidosis. 

 

Figure 127-11 Sarcoidosis in a lymph-node specimen. There are noncaseating granulomas with giant cells (G), histiocytes (H), and lymphocytes (L) (×79). 

 

Figure 127-12 Section of the incus in a patient with acquired syphilis. There is an active round-cell osteitis (O), with involvement of the periosteum (×120). 



 

Figure 127-13 Area of active bone resorption in a 43-year-old patient with congenital syphilis. The inflammatory infiltrate includes lymphocytes, plasma cells, and multinucleated giant cells (×510). (From Schuknecht HF: Pathology of the 
ear, Cambridge, MA, 1974, Harvard University Press, p 264.) 

 

Figure 127-14 Mucormycosis in a 37-year-old man with diabetes. Inflammatory cells have invaded and destroyed the tensor tympani muscle (TT), and there is a hemorrhagic effusion (EF) in the mesotympanum. EAC, External auditory 
canal; FN, facial nerve (×17). (From Schuknecht HF: Pathology of the ear, Cambridge, MA, 1974, Harvard University Press, p 263.) 

 

Figure 127-15 Coronal computed tomography scan showing a large lytic destructive lesion (arrows) of the clivus (CL), petrous temporal bone, middle ear, and jugular foramen area caused by multiple myeloma in a 72-year-old man. The 
presenting symptoms were facial nerve paralysis and otorrhea. 



 

Figure 127-16 From the same patient as Figure 127-15 . The coronal computed tomography scan with contrast enhancement and a soft-tissue technique demonstrates a slightly enhancing mass that has destroyed the mastoid bone and extends 
to the posterior fossa (PF) and upper neck (UN). 

 

Figure 127-17 One of several osteolytic lesions of the temporal bone of a 69-year-old woman with multiple myeloma. The lesion shows sharp bony margins and consists of immature plasma cells (×37). (From Schuknecht HF: Pathology of 
the ear, Cambridge, MA, 1974, Harvard University Press, p 448.) 

 

Figure 127-18 Acute lymphocytic leukemia in a 9-year-old boy. Ten days before his death, the patient complained of ear pain. Otoscopic examination revealed a hyperemic tympanic membrane (TM). The tympanic membrane and mucosa of 
the middle ear are infiltrated by tumor cells (T), and the middle-ear space contains a purulent exudate (×9). (From Schuknecht HF: Pathology of the ear, Cambridge, MA, 1974, Harvard University Press, p 447.) 



 

Figure 127-19 Acute myelogenous leukemia in a 38-year-old man. Leukemic infiltrates (T) are seen in the tympanic membrane (TM), middle ear (ME), and marrow spaces of the petrous apex (PA) (×4.6). (From Schuknecht HF: Pathology 
of the ear, Cambridge, MA, 1974, Harvard University Press, p 447.) 

 

Figure 127-20 An axial computed tomography scan of an 82-year-old woman with metastatic breast adenocarcinoma showing a large lytic lesion (arrows) destroying the mastoid, squamosa, otic capsule, and labyrinth. 

 

Figure 127-21 Metastatic breast adenocarcinoma in a 75-year-old woman involving the nerve trunks in the internal auditory canal (IAC), petrous apex (PA), subcutaneous tissues of the external auditory canal (EAC), facial canal (FC), middle 
ear (ME), and mastoid (MA) (×4.5). 

 

Figure 127-22 Lateral skull radiograph in a patient with Paget's disease. Findings include thickening of the skull table, multiple patchy densities, and platybasia. 



 

Figure 127-23 An axial computed tomography scan of a 75-year-old man with Paget's disease. There is diffuse expansion of the skull table and involvement of both temporal bones, with patchy demineralization. 

 

Figure 127-24 Pagetic involvement of the temporal bone in a 70-year-old man. The Pagetic bone encroaches on the posterior margin (arrow) of the internal auditory canal (IAC). The mastoid is largely replaced by Pagetic bone (×4). (From 
Schuknecht HF: Pathology of the ear, Cambridge, MA, 1974, Harvard University Press, p 376.) 

 

Figure 127-25 Lateral radiograph of the skull in a patient with osteogenesis imperfecta. Wormian bone is seen, particularly in the posterior table. 

 

Figure 127-26 A radiograph of the arm of a patient with osteogenesis imperfecta. There is a pathologic fracture, demineralization of the humerus, and gross abnormalities of the elbow joint. 

 

Figure 127-27 Osteogenesis imperfecta in a 15-year-old girl. The osteogenesis has replaced the enchondral and periosteal layers of the otic capsule. The neck of the malleus (M) is also involved (×8.5). 



 

Figure 127-28 Osteogenesis imperfecta involving the otic capsule of a newborn male infant. The enchondral (EC) and periosteal (P) layers have been replaced by finely trabeculated bone with an increase in fibrous tissue and vascular 
spaces. The endosteal layer (ED) is normal (×60). 

 

Figure 127-29 A lateral radiograph of the skull of a patient with fibrous dysplasia showing both lytic (L) and fibrous (F) phases of disease. Spicules of new bone are responsible for the ground-glass appearance of the fibrous phase. 

 

Figure 127-30 A coronal tomographic radiograph of a patient with fibrous dysplasia. New bone formation causes a dense appearance of the involved left temporal bone. 

 

Figure 127-31 Fibrous dysplasia. The irregularly arranged spicules of woven bone in a fibrovascular stroma demonstrate a whorled pattern (×64). 

 



Figure 127-32 Recessive osteopetrosis of the temporal bone of a 15-month-old boy. The endochondral layer of the otic capsule and stapes is composed of calcified cartilage (×9). (From Schuknecht HF: Pathology of the ear, Cambridge, MA, 
1974, Harvard University Press, p 381.) 

 

Figure 127-33 Higher magnification of the temporal bone seen in Figure 127-32 . The calcified cartilage (CC) of endochondral bone appears as densely staining, round-to-ovoid profiles (×225). (From Schuknecht HF: Pathology of the ear, 
Cambridge, MA, 1974, Harvard University Press, p 381.) 

 

Figure 127-34 Osteopetrosis in a 30-year-old man showing overgrowth of dense lamellar bone around the epitympanum, with jamming of the malleus (M) and incus (I). The facial nerve canal (FC) is narrowed. A, Antrum; LSCC, lateral 
semicircular canal (×9). 

 

Figure 127-35 Osseous obliteration of the round window niche (RWN) of the same patient as was seen in Figure 127-34 . There is fluid in the niche adjacent to the round window membrane (RWM) (×18). 

 

Figure 127-36 Hunter's syndrome in a 24-year-old man. The middle ear contains an effusion (EF) as a result of eustachian tube dysfunction. The submucosa (SM) is thickened, and the posterior mesotympanum (PM) contains unresorbed 
mesenchymal tissue (×11). 
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Chapter 128 - NOISE-INDUCED HEARING LOSS

Brenda L. Lonsbury-Martin 
Glen K. Martin 

INTRODUCTION

One of the most common causes of hearing impairment is exposure to excessive sounds. Millions of people suffer from noise-induced hearing loss (NIHL), resulting in a reduced quality of life because of social isolation and possible 
inexorable tinnitus, as well as impaired communication with family members, coworkers, and friends. [102] Moreover, the costs in terms of compensation and early retirement payments are immense. For example, the U.S. Veterans 
Administration alone spends $300 million a year on disability compensation and treatments for NIHL—it is the single largest disability expenditure the Veterans Administration has.[101] Moreover, the National Campaign for Hearing Health, 
representing a consortium of private foundations and professional associations related to hearing, estimates that $2 billion is spent annually in the United States for welfare and disability costs related to NIHL claims.[100] 

The purpose of this chapter is to present and discuss the most recent perspectives about the effects of noise on hearing that address the scientific and practical aspects of the affliction. Although NIHL has been studied experimentally for over 
a 100 years, it has only been over the last decade or so that some major breakthroughs have occurred in our basic understanding of the ear's reaction to damaging sounds. These increments in our knowledge base about NIHL promise to 
significantly improve the detection and treatment of this disorder over the coming years.

MEASUREMENT OF NOISE

The term noise is commonly used to designate an undesirable sound. In the hearing field, the term has come to mean any excessively loud sound that has the potential to harm hearing. The temporal patterns of environmental noise are 
typically described as continuous, fluctuating, intermittent, or impulsive.[73] Continuous or steady-state noise remains relatively constant, whereas fluctuating noise rises and falls in level over time, and intermittent sounds are interrupted for 
varying time periods. Impulsive or impact noises caused by explosive or metal-on-metal mechanical events have rapidly changing pressure characteristics consisting of intense, short-lasting (i.e., in terms of milliseconds) wave fronts, 
followed by much smaller reverberations and echoes that occur over many seconds. The amount of noise, usually referred to as the sound pressure level (SPL), is conventionally measured by a sound-level meter (SLM) in decibel (dB) units 
using a weighting formula called the A-scale. The dBA-scale measure of sound level essentially mimics the threshold-sensitivity curve for the human ear, so that the low- and high-frequency components are given less emphasis as auditory 
hazards. Standard SLMs have electronic networks designed to measure noise magnitude automatically in dBA, whereas to measure impulse or impact noise, a special peak-reading SLM is needed that is capable of accurately measuring 
sounds with essentially instantaneous onset times.

The personal noise dosimeter is typically used to measure noise exposure in the workplace. This instrument provides a readout of the noise dose or the percent exposure experienced by a worker, typically over a single shift. The logging 
dosimeter integrates a function of sound pressure over time and calculates the daily (8-hour) dose with respect to the current permissible noise level for a continuous noise of ≤85 dBA or less SPL lasting 8 hours.

NATURE OF THE LOSS

Depending on the level of the sound exposure, either reversible or permanent damage can occur to the peripheral auditory end organ. The reversible loss, typically referred to as a temporary threshold shift (TTS), results from exposures to 
moderately intense sounds that might be encountered, for example, at a philharmonic orchestra concert. Hearing problems
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associated with TTS include elevated thresholds, particularly for the higher mid-frequency region that includes the 3- to 6-kHz frequencies. The TTS condition is often accompanied by a number of other common symptoms of hearing 
impairment including tinnitus, loudness recruitment, muffled sounds, and diplacusis. Depending on the duration of the exposure, recovery from TTS can occur over periods ranging from minutes to hours and days. After exposure, if TTS 
does not recover before the ear is reexposed to excessive sound, a permanent change in hearing occurs that is referred to as a permanent threshold shift (PTS).



In PTS, the elevation in hearing thresholds is irreversible because permanent structural damage occurs to the critical elements of the cochlea. The precise relationship between the TTS and PTS stages of hearing loss due to noise exposure is 
unknown. However, findings from several recent studies infer that the fundamental processes underlying the development of reversible vs permanent NIHL are unrelated.[44] [72] For example, Nordmann and colleagues[72] using a survival fixation 
strategy showed that the histopathologic manifestations of TTS and PTS noise damage to the chinchilla cochlea are distinct. Thus, TTS was correlated with a buckling of the supporting pillar bodies in the frequency region of the maximal 
exposure effect. In contrast, the morphologic abnormality that was consistently correlated with PTS was a focal loss of hair cells and a complete degeneration of the corresponding nerve-fiber endings. Because PTS eventually develops from 
repeated exposures to stimuli that initially produce only TTS, it is likely that the latter condition is also associated with subtle changes to the sensitive outer hair cell (OHC) system that go undetected by light microscopy.

Traditionally, PTS caused by acoustic overstimulation has been separated into two distinct classes. One type, called acoustic trauma, is caused by a single, short-lasting exposure to a very intense sound (e.g., an explosive blast) and results in 
a sudden, usually painful, loss of hearing. The other type of hearing loss is commonly referred to as NIHL and results from chronic exposure to less intense levels of sound. A great deal more is known about the anatomic processes 
underlying both the symptoms of and recovery from acoustic trauma than is known about NIHL. Consequently, it is well established that a single exposure to a severe sound can result in direct mechanical damage to the delicate tissues of the 
peripheral auditory apparatus including components of the middle ear (tympanic membrane, ossicles) and inner ear (organ of Corti). In contrast, regular exposure to less intense but still noisy sounds involves the insidious destruction of 
cochlear components that eventually and unavoidably leads to an elevation in hearing levels, along with other common symptoms of hearing impairment.

Irreversible NIHL is a specific pathologic state exhibiting a recognized set of symptoms and objective findings.[29] [68] [98] [99] NIHL includes: (1) a permanent sensorineural hearing loss with damage principally to cochlear hair cells, and primarily 
to OHCs; (2) a history of a long-term exposure to dangerous noise levels (i.e., >85 dBA for 8 hour/day) sufficient to cause the degree and pattern of hearing loss described by audiologic findings; (3) a gradual loss of hearing over the first 5 to 
10 years of exposure; (4) a hearing loss involving initially the higher frequencies from 3 to 8 kHz before including frequencies ≤2 kHz; (5) speech-recognition scores that are consistent with the audiometric loss; and (6) a hearing loss that 
stabilizes once the noise exposure is terminated.

A patient with NIHL commonly consults a physician because of difficulties in hearing and understanding ordinary speech, especially in the presence of background noise. Many variations can be found in the detailed configuration of the 
audiogram of a noise-damaged ear, depending on the temporal and spectral distribution of the noise stimulus, as well as on the stage of hearing loss. However, the pattern of hearing loss most commonly associated with the earlier stages of 
NIHL is illustrated in Figure 128-1, A . The beginning region of impairment involves the sensitive mid-frequency range, primarily between 3 and 6 kHz, and the corresponding impairment is classically described as the 4-kHz notch. This 
particular pattern of maximal hearing loss, with little or no loss below 2 kHz, typically appears regardless of the noise-exposure environment. The audiogram results of Figure 128-1,A , also demonstrate the sensorineural aspect of NIHL in 
that thresholds for bone-conducted stimuli (arrows) are essentially identical to those of air conduction. Note also that the profile of noise-induced threshold hearing is usually symmetric for both ears, particularly for individuals who have 
been working in noisy industrial settings in which there are "surround" sounds.

It is not uncommon, however, for other forms of noxious sound, such as the gunfire associated with sport shooting, to cause an asymmetric pattern of hearing loss similar to the one illustrated in Figure 128-1 B . In this case, the ear pointed 
toward the source of noise (gun barrel), for example, the right ear (open circles) of this left-handed shooter, would have worse hearing than the ear directed away from the source (in this example, the left or protected ear [filled circles]) by 15 
to 30 dB or more and particularly at higher frequencies due to the absence of the protective head-shadow effect.
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Figure 128-1 Audiometric patterns of hearing levels from patients in beginning stages of noise-induced hearing loss. A, A "4-kHz notch" symmetrical pattern for a 44-year-old male factory worker. Note the thresholds for bone-conducted 
stimuli (arrows) were similar to the ones determined with routine air-conduction methods. B, An asymmetric pattern for a 45-year-old man who was a recreational rifle shooter. For this left-handed patient, note the greater impairment in the 
right (open circles) rather than the left (filled circles) ear because of the protective head-shadow effect. 

 

Figure 128-2 Development of the audiometric pattern of NIHL as a function of years of exposure to constant occupational noises. A, Spectra of the noise produced by the hammer (filled circles) and press (open circles) equipment, with 



maximal energy centered in the 0.2- to 1-kHz and 0.125- to 0.5-kHz regions, respectively. B and C, Resulting hearing losses for the press (B) and hammer (C) operators. Note that the NIHLs occurred at frequencies above the peak energy in 
the exposure. The geometric symbols represent the experimental subjects according to years of noise exposure. The shaded areas indicate the effects of aging on hearing levels in control subjects of similar age (i.e., 23–54 years old), who 
worked in non-noisy parts of the same drop-forging plants. (Adapted from Taylor W and others: J Acoust Soc Am 76:807–819, 1984.) 

 

Figure 128-3 A, Low-power photomicrograph of a soft surface preparation of the organ of Corti from the left cochlea of a 50-year-old man exposed extensively to occupational noise, showing a pattern of abrupt degeneration of the basal 
region. The arrow indicates a small patch of remaining organ of Corti near the basal end. B, Modified cytocochleograms for the two ears along with an audiogram that was measured 1 year earlier, showing the sharp pattern of hair cell 
degeneration (expressed as the percentage remaining per millimeter of length of the basilar membrane measured from the basal end) and nerve fiber degeneration. Note the relative symmetry of the corresponding abrupt high-frequency loss 
of cochlear elements. Separate curves represent inner (solid lines) and outer (dashed lines) hair cells (averaged over the three rows of OHCs) for left (X) and right (O) ears. Black horizontal line along abscissa indicates the presence of nerve 
fibers in the osseous spiral lamina. (Adapted from Johnsson LG, Hawkins JE: Ann Otol Rhinol Laryngol 85:725–739, 1976.) 

 

Figure 128-4 Mean difference DP-grams (i.e., preexposure DPOAE levels minus postexposure DPOAE levels) for 65-dB SPL primary tones comparing the effects of an extreme 8-hour exposure to a 10-kHz OBN (shaded region from ∼7–
14 kHz) at 105 dB SPL for 2-month-old CBA (A) vs 7-month-old MOLF (B) mice. Bold horizontal dotted line at '0' indicates no change between preexposure baseline DPOAE levels and their postexposure counterparts measured at 2 days 
(filled circles), 1 week (open circles), and 2 weeks (asterisks) after the overexposure session. Note only minor recovery of DPOAEs for CBAs between 2 days and 2 weeks postexposure, especially for frequencies greater than 30 kHz. In 
contrast, MOLF DPOAEs essentially returned to their baseline values. Although not shown here, immediately after exposure, both strains exhibited essentially no DPOAEs above ∼10 kHz. The noise-floor (NF) differences (dashed lines 
without symbols in lower portion of plots) represent preexposure DPOAEs subtracted from postexposure NFs to indicate maximum possible DPOAE loss. Vertical bars represent ±1 standard deviation (SD) for 2 days postexposure. CBA: n 
= 10, 19 ears; MOLF: n = 8, 15 ears. 



 

Figure 128-5 Early detection of NIHL in a 43-year-old female rifle shooter who complained of muffled hearing, tinnitus, and difficulty hearing speech in background noise. Note the normal pure-tone audiogram bilaterally (top left). In the 
corresponding DP-grams at lower left, the greater functional loss in the left (filled circles) rather than the right (open circles) ear, particularly for frequencies greater than 3 kHz, was due to the protective head-shadow effect for this right-
handed individual. Emission levels for the 2f1 –f2 DPOAE are plotted in response to 75-dB SPL primary tones as a function of the geometric mean of the two eliciting stimuli (f1 , f2 ). At the right are the spectral plots of the click-evoked 
OAEs. Note that the emitted response (open area) for the better-functioning right (R) ear was more prominently distributed above the related noise floor (shaded area) than were the emissions for the left (L) ear for frequencies greater than 3 
kHz. In addition, the higher "REPRO" values for the right ear indicated at the top right of each plot also reflected its more robust activity levels. In the DP-gram plot, variability of emission level (±1 SD) in normal-hearing ears is represented 
by the bold dashed lines in the top portion of the plot. Similar variability of the related noise floor is indicated by the pair of shorter dashed lines along the bottom of the plot. 

 

Figure 128-6 Early stages of NIHL in a 21-year-old military veteran, who had just completed a 3-year tour of duty. For this left-handed infantryman, note the greater hearing loss around 3-to 4-kHz for the right ear (open circles) depicted in 
the audiogram (top left). In the corresponding DP-gram below, note the abnormally low levels of DPOAE activity for frequencies greater than about 1.5 kHz, which are poorer for the right (open circles) ear. The click-evoked OAE spectra at 
the right also show poorer emitted responses from 1 to 2 kHz and lower REPRO values for the right (R) ear. Note that there is no emitted response for either ear above 2 kHz. See the legend for Figure 128-5 for an explanation of the click-
evoked spectra and the two sets of dashed lines in the DP-gram. 



 

Figure 128-7 More advanced stage of NIHL for a 49-year-old man, who had worked for more than 20 years in a fish cannery. The audiograms at the top left exhibit the symmetrical hearing loss for frequencies greater than 2 kHz. The DP-
grams indicate the symmetrical pattern of dysfunction in a similar manner. The click-evoked OAE spectra at the right also show a lack of emitted responses for frequencies above about 2 kHz. See the legend for Figure 128-5 for an 
explanation of the click-evoked spectra and the two sets of dashed lines in the DP-grams. 

 

Figure 128-8 A possible case of malingering in a 42-year-old male factory worker. The audiograms at the top left show a relatively flat hearing loss up to about 4 kHz. For frequencies greater than 4 kHz, the patient claimed that the test tones 
were inaudible. The DP-grams below show normal-like function up to around 3 to 4 kHz, when reductions in DPOAE levels are evident, occurring initially for the right ear (open circles). The spectral plots at the right also show poorer click-
evoked OAEs for the right ear. Together, the normal levels of evoked OAEs for frequencies less than 3 kHz and the asymmetrical pattern of the reduction in emissions suggest that both exposure to noise and aging contributed to the 
decreased levels of activity for frequencies above about 3 kHz. See the legend for Figure 128-5 for an explanation of the click-evoked spectra and the two sets of dashed lines in the DP-grams. 
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Chapter 129 - AUTOIMMUNE INNER EAR DISEASE



Steven D. Rauch 
Michael J. Ruckenstein 

INTRODUCTION

Otologists and otologic researchers have long held the notion that the immune system might be capable of damaging the inner ear or eighth cranial nerve, leading to symptoms of hearing loss or dizziness. Some well-documented examples in 
which systemic autoimmune disease can do this include systemic lupus erythematosus, ulcerative colitis, Cogan's syndrome, and multiple sclerosis. There are some inner ear diseases, for example Ménière's disease and idiopathic sudden 
sensorineural hearing loss, in which an immune-mediated mechanism has been hypothesized but not demonstrated.

One condition—characterized by the clinical presentation of idiopathic, rapidly progressive, bilateral sensorineural hearing loss—has come to be known as autoimmune inner ear disease (AIED). Whether all patients with this presentation 
have the same underlying pathophysiology, and whether the pathophysiology is autoimmune, is unknown. However, the research of AIED is extremely important because the disease represents one of the few medically reversible causes of 
sensorineural hearing loss.

DEFINITION

Defense against microorganisms is the prevalent concept explaining the evolution and need for the immune system. The immune system must possess the capacity to respond to potential environmental pathogens and must, therefore, 
maintain mechanisms that allow it to distinguish between foreign constituents and the host's own tissue. An autoimmune reaction ensues when the immune system's ability to distinguish between self and nonself is disturbed.

The classic definition of AIED, as provided by McCabe, is that of rapidly progressive (over a course of weeks to months) bilateral sensorineural hearing loss that responds to the administration of immunosuppressives.[18] While this is likely an 
immune-mediated disorder, there is no direct evidence that it is autoimmune in etiology. Nonetheless, the original nomenclature coined by McCabe has become established and accepted in the literature.

The disorder defined earlier as AIED refers to a pathology restricted to the ear (primary AIED). However, multisystemic, organ-nonspecific autoimmune diseases may involve the inner ear (secondary AIED). Such disorders include Cogan's 
syndrome, Wegener's granulomatosis, systemic lupus erythematosus, and the various systemic vasculitides.

EPIDEMIOLOGY

Primary AIED is a rare disorder. Because of the lack of a definitive diagnostic test for AIED, the precise incidence cannot be determined. However, it is less common than sudden sensorineural hearing loss, which occurs with an incidence of 
1 case per 5000 to 10,000 population per year.[4] 

With several exceptions, inner ear involvement is rare in multisystemic AIED. Cogan's syndrome, the archetypal AIED is defined by the presence of labyrinthine and ocular pathology (described in more detail later in this chapter). Wegener's 
granulomatosis manifests a significant incidence of ear disease (30%–50%), with most of these patients suffering from middle ear pathology, such as chronic otitis media and conductive hearing loss.[31] The presence of concomitant 
sensorineural hearing loss in patients with middle ear involvement is approximately 30%.[20] [31] 

PATHOLOGY AND PATHOGENESIS

Animal Studies

A variety of experimental approaches have been used to gain insight into the pathogenesis of AIED. Unfortunately, none of these studies has yielded an animal model that is definitively analogous to the human condition.

Harris and his colleagues have contributed significant information to the literature pertaining to the
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processes mediating inflammation in the inner ear. Using a sterile labyrinthitis, Harris and others have shown in these studies that the inner ear does not represent an immune-privileged site, but can generate a local immune response after 
either local or systemic immunization of antigen.[8] [9] [13] These immune responses are dependent on the presence of an intact endolymphatic sac.[32] Cells that mediate the labyrinthitis enter the scala tympani via the spiral modiolar vein. [11] The 
ensuing labyrinthitis results in physiologic dysfunction, loss of sensory cells, and ultimately, fibrosis and osteoneogenesis within the cochlea.[17] 

While these studies shed light on the mechanisms by which an immune-mediated response can be elicited within the cochlea, they do not specifically address the issues of an autoimmune response. To that end, a model of AIED was 
proposed in which heterologous (bovine) temporal bone antigen and immune adjuvant were used to systemically immunize guinea pigs.[10] This model demonstrated modest changes in physiologic measures of hearing and cochlear 
morphology. However, the model has proven to be difficult to replicate. The main contribution of this work pertains to the detection of a specific antibody that binds to a 68 kilodalton (kD) bovine inner ear antigen on Western blot analysis. 
This antibody has been found in the guinea-pig model, as well as in humans with AIED.[12] The same antibody will also bind to the inducible form of bovine (but not human) heat shock protein -70 (HSP-70), although it does not appear that 
this antibody is primarily directed against HSP-70 in the in vivo setting. The primary antigenic epitope against which this antibody is directed is unknown, and thus its role in mediating AIED is unclear.

Another approach to understanding the etiology of this disorder was taken in the laboratory of Carey and co-workers.[22] [23] [24] [35] They immunized mice with chick and guinea-pig inner ear extracts and created monoclonal antibodies against 
inner ear cells. One particular antibody, KHRI-3, binds to supporting cells of the organ of Corti, creating a characteristic wine-glass staining pattern when observed through immunofluorescence.[22] [23] [24] [35] Infusion of KHRI-3 into live guinea 
pigs produces hearing loss.[22] [23] The KHRI-3 antibody also binds to a 68- to 72-kD antigen on a Western blot of inner ear extract.[35] Sera from some humans with AIED strongly stained a 68- to 72-kD inner ear antigen immunopreciptated 
from guinea-pig inner ear extract with KHRI-3 and these same patient sera stained organ of Corti-supporting cells in a wine-glass pattern.[6] This is strong evidence that KHRI-3 and human antibodies recognize the same inner ear-supporting 
cell antigen. The target antigen of KHRI-3 has not yet been identified, but it is not HSP-70. Also important to note is that although the KHRI-3 antibody has been shown to bind to cochlear-supporting cells, it has not been shown to elicit an 
inflammatory response. Thus, this antibody may be producing an antibody-mediated, noninflammatory pathology within the cochlea.



A third approach has incorporated the study of animal models of multisystemic, organ-nonspecific autoimmune disease. These mouse models of systemic lupus erythematosis (lupus) spontaneously develop autoimmune disease, thus they do 
not require any experimental manipulation. A variety of strains have been examined, with the most detailed studies focusing on the MRL-Faslpr and C3H-Faslpr mice. To summarize, these strains develop elevations in auditory thresholds, 
degeneration of the stria vascularis, and antibody deposition within the strial capillaries. * These changes take place in the absence of inflammatory response. Thus, the etiology of the observed strial degeneration is unknown. The 
administration of corticosteroids improves cochlear function in these animals without impeding the development of the morphologic changes.[26] [33] These improvements in auditory brainstem response thresholds most likely occur because of 
the mineralocorticoid effects on the cochlea, not because of immunosuppression.

In summary, these studies do illustrate that immune-mediated and autoimmune pathology can affect the inner ear. However, the various pathologies observed in these models do not correlate well with the clinical entity known as AIED.

Human Temporal Bone Studies

A limited number of studies have been performed on human temporal bones derived from patients with autoimmune disease, specifically Wegener's granulomatosis, polyarteritis nodosa, Cogan's syndrome, and lupus.[5] [15] [19] [20] Morphologic 
changes demonstrate findings consistent with two different pathogenic mechanisms. Some bones demonstrate fibrosis and osteoneogenesis within the scalae, findings consistent with the end stages of inflammation, as described earlier in this 
chapter. Other bones demonstrate changes more consistent with ischemia, including cellular atrophy in the absence of inflammation. In cases of ischemia, the vascular compromise is likely secondary to a nonspecific vasculopathy in which 
the labyrinthine artery becomes occluded in the absence of vascular inflammation and necrosis associated with vasculitis.

CLINICAL PRESENTATION

The hallmark of AIED, as originally described by McCabe, is the presence of bilateral sensorineural hearing loss that progresses during a period of weeks to months.[18] It is important to note that the hearing

*References [5] [15] [19] [20] [26] [33] . 
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loss may initially be unilateral and that it may take months for the bilaterality to emerge. Fluctuations in hearing may occur, but the overall course is one of a relentless deterioration in auditory function. Approximately 50% of patients have 
symptoms of vestibular dysfunction, with 20% of patients experiencing episodes of vertigo consistent with those seen in Ménière's disease.[20] 

Cogan's syndrome represents the classic autoimmune disorder leading to inner ear dysfunction.[5] [15] The original definition included the presence of non-syphilitic interstitial keratitis, sensorineural hearing loss, vertigo, and tinnitus. 
Labyrinthine pathology may be coincident with the ocular manifestations or may occur up to 6 months before or after the onset of eye disease. Other forms of ocular inflammation, including uveitis, iritis, episcleritis, or conjunctivitis, may 
occur instead of the keratitis, in which case the disorder may be defined as atypical Cogan's syndrome.[28] 

Vogt-Koyanagi-Harada syndrome presents with symptoms similar to those seen in Cogan's syndrome. However, it also includes depigmentation of the hair and skin around the eyelashes, loss of eyelashes, and onset of aseptic meningitis. It 
may represent an autoimmune reaction to melanin containing cells.[31] 

Wegener's granulomatosis is another multisystemic autoimmune disease associated with inner ear dysfunction. The disease is characterized by the granuloma formation and vasculitis typically initially affecting the upper- and lower-
respiratory tracts. Ultimately, it may progress to a more diffuse granulomatous vasculitis with renal involvement. As noted earlier in this chapter, the disorder is more commonly associated with middle ear disease resulting in a conductive 
hearing loss. However, approximately 10% of patients may manifest a sensorineural hearing loss.[20] 

Systemic vasculitides, such as polyarteritis nodosa, may rarely result in a rapidly progressive hearing loss.[34] In one prospective controlled study, the incidence of sensorineural hearing loss in patients with lupus was noted to be 58%.[1] 
However, confounding variables in this study included the administration of potentially ototoxic medications and the presence of renal failure. One temporal bone derived from a patient with lupus did manifest evidence of intracochlear 
inflammation, including fibrosis and osteoneogenesis.[30] 

DIFFERENTIAL DIAGNOSIS

AIED may initially present in a fashion similar to that seen in sudden sensorineural hearing loss. However, AIED and idiopathic sudden sensorineural hearing loss are two distinct disorders. AIED is considerably more rare than sudden 
sensorineural hearing loss. AIED is by definition bilateral while sudden hearing loss is virtually always unilateral, although, at initial presentation, AIED may not have affected both ears. Sudden hearing loss develops in ≤72 hours. In 
contrast, AIED progresses over days to months such that serial audiograms on a monthly basis will show continued decline. Sudden hearing loss is an otologic emergency with a treatment window of perhaps 2 to 4 weeks, during which a 
short burst and taper of corticosteroids must be administered to achieve optimal recovery.

AIED is not urgent. Patients with hearing loss progression during a 6- to 12-month period can still achieve significant recovery with administration of a long course of high-dose corticosteroids or other immunosuppressive drugs. Throughout 
the otolaryngology community there is general awareness that some cases of sensorineural hearing loss are potentially reversible with corticosteroids. However there is, unfortunately, little awareness that these two entities are quite different 
in etiology, presentation, work-up, and management. Hasty administration of a short tapering course of steroids can delay diagnosis of AIED and can confuse interpretation of serologic testing.

The clinical presentation of AIED may closely mimic that of Ménière's disease. In fact, during the first months of evaluation, the two entities may be difficult to differentiate. Both can manifest fluctuations in hearing and episodic vertigo. If 
corticosteroids are administered, a spontaneous recovery in hearing, as seen in Ménière's disease, may be mistaken for a positive response to immunosuppressive therapy. Ultimately, the more aggressive course of AIED will allow for the 
differentiation of these two disorders. It has been suggested that a subgroup of patients with symptoms of Ménière's disease may share a common pathophysiology with patients who have AIED. This association is based on studies that have 
noted that approximately one-third of patients with Ménière's disease may have a positive Western blot assay for anti-HSP-70 antibodies.[7] [25] However, this finding was not supported by a later study, in which the commercially available 
assay was utilized.[27] 

Otosyphilis is a disorder that can closely mimic AIED, and must be ruled out as part of the work-up. An acoustic neuroma may present with sudden or progressive unilateral sensorineural hearing loss. Rarely, meningitis, multiple sclerosis, or 
malignancy (e.g., metastatic disease, lymphoma) involving the dura may manifest as rapidly progressive bilateral hearing loss.



DIAGNOSIS

In patients suspected of having AIED, an appropriate review of systems would include questions pertaining to recurrent or chronic ocular disease, nephritis, arthritis, pneumonitis, sinusitis, and inflammatory bowel disease.
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Routine serologic tests in patients who may have AIED include a complete blood count with differential white count, erythrocyte sedimentation rate, rheumatoid factor, antinuclear antibody test, anti-double-stranded DNA antibodies, anti-
SSA/B antibodies, antiphospholipid antibodies, C3 and C4 complement levels, and Raji cell assay for circulating immune complexes. A fluorescent treponemal antibody absorption test (or a Treponema pallidum hemagglutination test) must 
be obtained to rule out otosyphilis. It is important to note that this work-up is aimed at detecting evidence of systemic immunologic dysfunction. None of these tests has been shown to correlate with the diagnosis of primary AIED. An MRI 
with paramagnetic enhancement must be obtained to rule out the retrocochlear lesions discussed earlier in this chapter.

Diagnosis of primary AIED can be difficult. As of yet, no serologic or immunologic test has demonstrated sufficient diagnostic accuracy to allow for the establishment of a definitive diagnosis. Tests of cellular immunity have been advocated 
by McCabe (lymphocyte migration-inhibition assay), and Hughes (lymphocyte transformation test).[16] [19] Unfortunately, these tests have never been adequately validated and their diagnostic accuracy has not been determined. During the 
1990s, most attention was focused on the role of Western blotting for detection of an antibody that binds to a 68-kD antigen derived from bovine temporal bone extract and to the inducible form of HSP-70.[2] [3] [12] [20] As noted earlier in this 
chapter, these antibodies were first determined to be of significance when they were detected in both guinea pigs immunized with bovine inner ear extract and in humans manifesting AIED.[12] 

In a prospective controlled study, with well-defined entry criteria, Moscicki and his colleagues demonstrated that 89% of patients with active, rapidly progressive hearing loss did have detectable levels of this antibody, while none of the 
control patients had positive Western blots.[21] Subsequently, 66 additional cases of possible immune-mediated inner ear disease were studied using Moscicki's same diagnostic criteria. Five patients were excluded from analysis because they 
had Cogan's syndrome, an autoimmune vasculitis characterized by sensorineural hearing loss, vertigo, and interstitial keratitis of the eyes, leaving 61 patients with AIED. Results are provided in Table 129-1 . Demographic features and trends 
in the correlation of Western blot assay with steroid response in this group of patients are essentially the same as Moscicki's original cohort. However, the proportion of patients with positive Western blot assay and the proportion of Western 
blot positive patients who responded to steroids are both lower than in Moscicki's retrospective study.

 
TABLE 129-1 -- RELATIONSHIP OF WESTERN BLOT ASSAY FOR ANTI-HSP-70 ANTIBODIES AND RESPONSE TO CORTICOSTEROID THERAPY IN 61 PATIENTS WITH AIED * 

 STEROID RESPONSE

Western Blot Positive Negative No Prescription

Positive 14 11 7

Negative 5 12 8

Undetermined 2 2 —
*From Moscicki RA, San Martin JE, Quintero CH and others: Serum antibody to increase ear proteins in patients with progressive bearing loss, correlation with disease activity and response to corticosteroid treatment, JAMA 1994, 272:611. 

 
 
 
In summary, the diagnosis of primary AIED is based on clinical evaluation, the demonstration of progressive sensorineural hearing loss on audiometric assessment done at monthly intervals, and most importantly, a positive response to the 
administration of corticosteroids. The presence of a positive Western blot may support the diagnosis of AIED, but in and of itself, can neither confirm nor rule out the diagnosis.

TREATMENT

Corticosteroid therapy for AIED evolved during the mid-1980s through the 1990s as a result of clinical experience. A prospective, randomized clinical trial to validate this empirical approach has recently been concluded; however, the results 
have yet to be published. Initial therapy for adults consists of a therapeutic trial of prednisone (60 mg daily for 4 weeks). Pediatric patients receive 1 mg/kg/day of prednisone for 4 weeks. Although patients may occasionally respond early in 
the 4-week period, many do not begin to improve until late in the month; shorter courses of treatment usually result in relapse.

Patients' hearing is tested at the initiation of therapy and again at 4 weeks. If the threshold has improved by ≥15 dB at one frequency or 10 dB at two or more consecutive frequencies, or if the discrimination is significantly improved, patients 
are considered steroid responders. Nonresponders are tapered off their medication in 12 days. Responders continue full-dose therapy until monthly audiograms confirm that they have reached a plateau of recovery. Their medication is then 
slowly tapered over 8 weeks to a maintenance dose of 10 to 20 mg every other day. This maintenance dose is continued for a variable time. Clinical observation suggests that patients with a treatment duration of fewer than 6 months are at
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increased risk of relapse compared with those treated for 6 months or longer.

Patterns of response to corticosteroid therapy vary. Some patients have improvement in threshold, some in discrimination only, and some in both areas. Some patients with hearing-loss fluctuation and progression before therapy show 
stabilization in their hearing without actual improvement. Historically, these cases have been considered nonresponders but this issue is currently under reassessment. The majority of responders slowly taper off the steroid dose, wean from 
steroids, and do well. A subset of AIED patients relapses while tapering or after discontinuing the medication. In some instances, additional corticosteroid therapy is effective. However, occasionally the hearing loss becomes refractory to 
corticosteroids. In such cases alternative immunosuppressive drugs are considered. Some patients, especially in the pediatric age group, may occasionally show steroid-dependent hearing loss. In other words, they cannot be weaned below a 
certain level of steroid dosage without decline in hearing. Such patients often develop unacceptable side effects of chronic steroid administration. Methotrexate has been used as part of a prednisone-sparing regimen; however, a recent 
randomized, prospective controlled, multicenter trial has shown methotrexate to be no better than a placebo at maintaining a remission in these patients.[14] 



Corticosteroid therapy has obvious limitations. The risks of long-term administration include gastritis and ulcers, fluid retention and weight gain, blood-pressure lability, altered blood-sugar metabolism and diabetes, avascular necrosis of the 
hip, mood changes or psychiatric problems, sleep disturbance, accelerated cataract formation, osteoporosis, and Cushingoid habitus. Overall steroid response rate is approximately 60% in AIED patients. Some initial responders become 
refractory at the time of relapse. Despite these limitations, corticosteroid therapy remains the mainstay of AIED treatment on the basis of the extensive clinical experience with its use.

Alternatives to systemic corticosteroids include methotrexate, etanercept, and cyclophosphamide. Low dose methotrexate appeared to be useful as an adjunct in management of steroid-dependent hearing loss.[29] However, as noted earlier in 
this chapter, the recent large trial indicates that it may not serve an effective role as a prednisone-sparing drug.

Etanercept, an inhibitor of tumor necrosis factor-α, has recently been used to treat AIED. Anecdotally, it appears to work well in combination with methotrexate because of its steroid-sparing effect. As seen in rheumatoid arthritis, etanercept 
alone does not appear nearly as effective. However, neither treatment protocol has been studied systematically.

Cyclophosphamide is a potent cytotoxic agent generally used for cancer chemotherapy and treatment of Wegener's granulomatosis. Although some advocate its use as a first-line drug,[19] the high risk of toxicity makes it a better choice as a 
salvage drug or treatment of last resort. An initial dose of 1 mg/kg/day orally for 4 to 6 weeks may be instituted. When no response is apparent, the dose is doubled to 2 mg/kg/day. Responders are treated for 6 to 12 months. Toxicity includes 
severe myelosuppression, opportunistic infection, hair loss, cystitis, infertility, and increased risk of malignancies. Weekly monitoring of hematologic status is mandatory. Many patients, when confronted with the risk of this medication, 
would rather consider cochlear implantation.

Intratympanic steroid therapy, systemic immunoglobulin G injections, and plasmapheresis are possible treatments with sound theoretical justification. Intratympanic steroid therapy is particularly appealing because it is minimally invasive 
and enables direct application of the drug to the affected site with low risk of systemic effects. There are, however, no published series in which these treatments have been systematically applied. The best role for any of these treatment 
modalities remains to be determined.

In summary, the only drugs of proven utility in the management of AIED are the corticosteroids. All other immunosuppressants currently employed have not been systematically evaluated and carry with them serious toxicity risks. In a 
patient who cannot be maintained on corticosteroids because of complications, the possibility of withdrawing treatment, with the intention of inserting a cochlear implant when the hearing becomes significantly impaired, must be considered.

SUMMARY AND FUTURE DIRECTIONS

The story of AIED from the initial description by McCabe to the current therapy routines has been presented here as a simple and direct path. That has not been the actual case. It has been a broad and meandering path with significant 
contributions by many investigators and numerous interesting and important digressions. It is a story that still has far to go. The clinical description of this disorder is confined to its auditory manifestations. However, as noted earlier in this 
chapter, 50% of AIED patients have vestibular symptoms. This aspect of the illness has not been well-characterized clinically. Just as there are many AIED patients with auditory symptoms exclusively, there may well be an equal number 
with vestibular symptoms exclusively. Such a presentation has not yet been reported.
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Little is understood about the underlying pathophysiology of AIED. That sensorineural hearing loss can be reversible flies in the face of accepted dogma that, after sensorineural hearing loss, hearing can be restored. It is interesting to 
consider what pathophysiologic mechanism could disable neural signal transduction or transmission in the auditory system yet be reversed months later by antiinflammatory or immunosuppressive drugs. A solution to this puzzle will come 
from systematic research into the nature of the humoral and cell-mediated immune response of affected patients. Although the Carey model using KHRI-3 is promising, as yet there is no widely accepted animal model of the AIED 
phenomenon in which to carry out such research, and human studies progress slowly because of the lack of the clinical material. This scarcity does not diminish the significance of the topic, however. Understanding the mechanism of AIED 
will provide a new level of insight into the role of systemic and organ-specific immune reactions in disease of the inner ear. The fact that 20% of AIED patients have a clinical presentation overlapping with Ménière's disease and 33% of 
Ménière's disease patients have evidence of antibodies to the 68- to 72-kD antigen by Western blot assay is strong evidence of a shared pathophysiologic mechanism. Although AIED is rare, Ménière's disease is not. In the United States alone 
there are an estimated 125,000 cases yearly. New ways of understanding Ménière's disease could have great public health benefit.

Diagnosis of AIED currently relies on clinical factors alone. As stated earlier, the observation that many AIED patients carry serum antibodies reactive with HSP-70 does not prove that HSP-70 is the actual inner ear target antigen. HSP-70 
may carry an epitope shared with the true target antigen or may otherwise colocalize with it biochemically. Despite our poor understanding of AIED pathophysiology, detection of this or other marker antibodies may become clinically useful. 
The utility of an assay will be greatly enhanced by development of a quantitative measure that enables clinicians to follow antibody titers by serial testing. In addition, estimation of sensitivity and specificity of the assay must be made by its 
broad application to a wide variety of ear diseases and immunologic disorders.

Current AIED therapy is based on empirical experience gathered during the late 1980s and through the 1990s rather than on a clear understanding of the underlying pathophysiology. Future therapeutic protocols must be informed by 
expanding knowledge of the pathophysiology of the disorder. Large multicenter studies are necessary to carefully evaluate the best use of corticosteroids and other immunosuppressive drugs. Consensus must be achieved on the clinical 
diagnostic criteria and treatment regimens to enable comparison between studies. Even with strict adherence to rigorous methodology, it may take many years to address these questions. For the foreseeable future, AIED will remain one of 
the most interesting, important, and challenging problems confronting otologists and otologic researchers.
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Chapter 130 - VESTIBULAR AND AUDITORY TOXICITY

Leonard P. Rybak 

INTRODUCTION

Ototoxicity is the tendency of a drug or chemical agent to cause inner ear dysfunction, producing symptoms of hearing loss, dizziness, or both. Inner ear tissues may be damaged either temporarily or permanently. Many agents can cause 
ototoxicity. This chapter covers some of the more common drugs that can cause hearing loss and/or injury to the cochleovestibular apparatus.

AMINOGLYCOSIDE ANTIBIOTICS

The aminoglycoside antibiotics are an important class of antiinfectious agents. They were developed to combat tuberculosis and other life-threatening infections. The first members of this class of drugs were streptomycin and 
dihydrostreptomycin. Initial clinical trials showed that these compounds could damage the kidneys and the inner ear. Since then, a number of new aminogly-cosides have been developed. Dihydrostreptomycin proved to be too toxic and was 
taken off the market. Neomycin was found to be too toxic for systemic use and has been relegated to local application. Other members of this group of drugs include kanamycin, gentamicin, tobramycin, amikacin, netilmicin, and sisomicin. 
Some of these agents are more toxic to either the cochlea or the vestibular apparatus, although their ototoxicity is not completely selective. Toxicity generally occurs only after days or weeks of exposure. The overall incidence of 
aminoglycoside auditory toxicity is estimated to be approximately 20%, whereas vestibular toxicity may occur in about 15%.[33] 

PHARMACOKINETICS

These drugs are highly charged molecules and are poorly absorbed orally. Only approximately 3% of an orally administered dose is absorbed from the gastrointestinal tract. They are normally used parenterally for severe systemic infections. 
The concentrations of aminoglycosides in tissues are usually approximately one third of the corresponding serum concentration. Penetration of the blood-brain barrier is generally poor, so that aminoglycosides are injected intrathecally to 
treat meningitis. Previous studies have suggested that aminoglycosides are not metabolized. However, a toxic metabolite may be formed in the inner ear.[33] Aminoglycosides are excreted primarily by the kidney by glomerular filtration, and 
therefore high concentrations of drug in the urine may be achieved. Impaired renal function reduces the rate of excretion. Therefore, renal failure is a risk factor for ototoxicity, and dosing of aminoglycosides must be modified to compensate 
for delayed renal excretion. Measurement of peak and trough serum levels of aminoglycosides provides rough guidelines for therapeutic efficacy but is not an absolute guarantee for prevention of ototoxicity, particularly vestibular 
ototoxicity. An association between trough levels of aminoglycosides and ototoxicity has been pointed out.[61] Ototoxicity is likely related to the area under the curve of blood levels over time, rather than individual peak and trough 
measurements.[70] An animal study showed no relationship between ototoxicity and plasma level of aminoglycoside. The total dose or area under the curve was a much better predictor of amikacin ototoxicity in this animal model.[7] Suggested 
guidelines for monitoring serum levels of aminoglycosides are the following: (1) In patients with normal kidney function, the peak level is measured within the first day or two of treatment, the trough level is measured within 1 week, and 
both peak and trough levels are measured about every week after that. (2) In patients with impaired but stable renal function, the peak level is determined within the first 2 days of treatment, the trough and another peak level within 1 week, 
then both peak and trough levels about twice weekly thereafter. (3) In the presence of impaired and unstable kidney function, peak and trough levels are obtained within the first 2 days of therapy. Serum levels may need to be measured as 
frequently as every day as long as renal function is unstable. (4) After any
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changes in dosage, peak and trough levels are determined within the next 2 days. [70] Aminoglycoside ototoxicity may be detected, yet because of a life-threatening infection and a lack of suitable alternative antibiotic therapy, it may be 
necessary to continue treatment. Antibiotic ototoxicity may continue even after cessation of aminoglycoside therapy.[70] 

HISTOPATHOLOGY

Both animal and human temporal bone histopathologic studies demonstrate that the cochlear and/or vestibular hair cells serve as primary targets for injury. In the organ of Corti, the outer hair cells of the basal turn are first damaged. As drug 
treatment is continued, the damage may spread to more apical regions. Inner hair cells seem to be more resistant to injury than the outer hair cells. This could be a result of the higher concentration of the natural antioxidant, glutathione, in the 
inner hair cells and in the apical turn outer hair cells compared with that in the outer hair cells of the basal turn.[101] Progressive destruction of spiral ganglion cells has been demonstrated in animal studies and in human temporal bone reports.[41] 
[49] In some patients, spiral ganglion cells may be damaged directly by aminoglycosides without injury to outer hair cells.[42] The stria vascularis may become thinner as a result of marginal cell death.[40] In the vestibular system, the hair cell 
damage may begin in the apex of the cristae and in the striola regions of the maculi.[63] Hair cell destruction may then extend to the periphery of the vestibular sensory epithelium, where type I hair cells are primarily affected.[115] A quantitative 
study of 17 temporal bones was carried out in patients with well-documented clinical evidence of aminoglycoside ototoxicity, and the results were compared with agematched controls. Streptomycin caused a significant loss of both type I and 
type II hair cells in all vestibular organs, with a greater loss of type I hair cells in the cristae, but not for the maculae. The vestibular toxic effects of kanamycin seemed to be similar to streptomycin, but neomycin did not cause the loss of any 
vestibular hair cells. There was no significant loss of Scarpa's ganglion cells for any of the aminoglycosides.[107] 

CLINICAL MANIFESTATIONS

High-frequency hearing loss tends to occur first and may be detectable before it becomes clinically detectable.[31] Continued exposure to aminoglycosides may result in hearing loss that progresses to lower frequencies, including the important 
speech range, interfering with communication skills. A hearing loss of 20 dB or more at two or more adjacent frequencies should be documented to confirm the diagnosis of drug-related hearing loss after exclusion of other causes of hearing 



loss.

Vestibular ototoxicity onset is unpredictable and may not correlate with cumulative dose of ototoxic medication.[10] Ambulatory patients are asymptomatic until they notice the presence of imbalance and ataxia, dramatically worsened by 
motion, with relative freedom from symptoms during periods of complete immobility. Patients change from being normal to being symptomatic during an easily identifiable 1- or 2-day period, after which symptoms are always present during 
motion or ambulation. The severity of symptoms varies, ranging from imbalance and staggering to complete inability to walk without assistance. Severely affected individuals also usually experience oscillopsia. Although some clinical 
improvement can be seen beginning 2 months after onset of symptoms, it is rarely complete.[38] 

Rotational vestibular testing in a limited number of patients indicated that results were normal in patients receiving aminoglycoside therapy who were asymptomatic. When abnormalities were observed, as they always were in symptomatic 
patients, the low-frequency rotational responses were affected first and most severely. When responses to all frequencies were absent, oscillopsia and severe imbalance were usually present. Improvement in function sometimes could be 
demonstrated by rotational testing. This was always greatest in the high frequencies, and clinical recovery was often not as great as the improvements in test results would have suggested. [38] 

Various risk factors have been studied to determine whether they play a role in increasing the likelihood of ototoxicity in various patient populations. Bacteremia, fever, hepatic, and renal dysfunction have been associated with ototoxicity in 
prospective, double-blind clinical trials of gentamicin, tobramycin, and amikacin. [77] Combinations of another ototoxic drug and an aminoglycoside may increase the risk and severity of ototoxicity. Ethacrynic acid was reported to exacerbate 
the ototoxicity of aminoglycosides in patients with uremia. [68] Furosemide was reported to result in severe sensorineural hearing loss in a patient who had received only five doses of gentamicin for pneumonia.[6] An extremely important risk 
factor is a mitochondrial RNA mutation, which dramatically increases the risk of ototoxicity. This mutation may sensitize a patient to even a single dose of aminoglycoside. This mutation follows a maternal inheritance pattern and has been 
described in Chinese, Arab-Israeli, Japanese, and North American families.[85] Up to 17% of patients with aminoglycoside-induced hearing loss may have this mutation. [33] For some unknown reason, only the auditory system, but not the 
vestibular part of the inner ear, is sensitized to
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the toxic effects of aminoglycosides in patients with this mutation.[33] The risks of intratympanic therapy for Meniere's disease and the use of potential otoprotective agents to prevent or reduce aminoglycoside ototoxicity are discussed in 
Chapter 131 .

MECHANISMS OF OTOTOXICITY

The aminoglycoside reacts with inner ear tissues to form an active, ototoxic metabolite. The drug in its inactive form combines with iron to form an ototoxic complex. This complex reacts with oxygen to produce reactive oxygen species 
(ROS). These ROS can then react with various cell components, including the phospholipids in the cell membrane, proteins, and DNA to disrupt the function, primarily in the outer hair cell. This process can then trigger programmed cell 
death, resulting in apoptosis.[33] 

ANTINEOPLASTIC AGENTS

Cisplatin

Cisplatin is a potent antineoplastic agent that is used to treat a variety of malignant tumors, including ovarian, testicular, bladder, lung, and head and neck carcinomas. Side effects include nausea and vomiting, neurotoxicity, ototoxicity, and 
nephrotoxicity.

Pharmacokinetics

The pharmacokinetics of cisplatin follow a biphasic clearance pattern. After a 1-hour intravenous infusion of 70 mg/m2 , the plasma half-lives in patients were 23 minutes and 67 hours; 17% ± 2.7% of the dose administered was excreted in 
the urine within the first 24 hours, primarily by glomerular filtration. Cisplatin is extensively bound to serum proteins. This bound form is inactive against tumor cells. The half-lives of free cisplatin in serum are much shorter than the total 
platinum, with respective half-lives of 8 minutes and 40 to 45 hours.[34] The liver rapidly converts cisplatin into nontoxic metabolites within 1 hour after administration. The cytosol of the liver cells seems to form adducts of cisplatin with 
glutathione and cysteine. Cisplatin is taken up into the cells of the cortex and outer medulla of the kidney during the time when nephrotoxicity begins.[75] 

Clinical Ototoxicity

Hearing loss caused by cisplatin seems to be highly variable and seems to be related to dose, age of the patient, and other factors, such as noise exposure,[12] exposure to other ototoxic drugs, depleted nutritional state, including low serum 
albumin and anemia,[57] and cranial irradiation.[44] Children seem to be more susceptible than adults.[99] Hearing loss tends to be permanent and bilaterally symmetric. Symptoms of ototoxicity include subjective hearing loss, ear pain, or tinnitus.
[99] Tinnitus has been reported in 2% to 36% of patients treated with cisplatin.[99] Such tinnitus may be transient or permanent.[99] Although the high frequencies are affected first, hearing impairment may extend into the middle frequency range 
when doses in excess of 100 mg/m2 are used. When ultra-high-frequency audiometric testing is used, up to 100% of patients receiving high-dose cisplatin (150–225 mg/m2 ) may show some degree of hearing loss.[57] Dose-related ototoxicity is 
illustrated by the report that 20% of patients treated with cisplatin for testicular cancer experience permanent ototoxicity, but >50% of patients who received cisplatin in doses >400 mg/m2 cumulative dose had permanent hearing loss.[12] A 
series of pediatric patients were studied for cisplatin ototoxicity by use of otoacoustic emissions. A good correlation between transient otoacoustic emissions and pure tone audiometric threshold was shown in children with normal middle-ear 
function. In this series, 90.5% of patients had a significant sensorineural hearing loss at 8 kHz. The magnitude of the hearing loss was associated with young age at first dose of cisplatin administration, large number of cycles of 
chemotherapy, and high cumulative dose of cisplatin.[1] The incidence and severity of hearing loss are reportedly enhanced by cranial irradiation.[44] However, a recent study reported that radiation therapy for brain tumors, such as 
medulloblastoma, can be modified to reduce the doses of radiation to the cochlea while still delivering full doses to the desired target volume of tissue. Using the technique of intensity-modulated radiation therapy (IMRT) for these tumors, a 
much smaller number of patients had hearing loss. Only 13% of patients receiving the IMRT protocol with cisplatin had grade 3 or 4 hearing loss compared with 64% of the conventional radiation therapy group.[44] Studies of vestibular 
function in patients receiving cisplatin chemotherapy have suggested vestibulotoxic effects, especially in patients with preexisting vestibular problems.[9] With the vestibular autorotation test to study the vestibuloocular reflex, patients 
receiving cisplatin were screened for vestibular toxicity. Vestibuloocular reflex gains at 3.1, 3.9, and 5.1 Hz were decreased, and phase lags at 3.1 and 3.9 Hz were increased.[53] 

Histopathology



Human temporal bone histopathology studies have shown the effects of cisplatin on the inner ear. The cochlea of a 9-year-old child with a brain tumor who sustained hearing loss after cisplatin showed degeneration of: outer hair cells in the 
lower turns of the cochlea, spiral ganglia, and cochlear nerve. The vestibular ganglion cells and vestibular nerve were reportedly normal.[104] Scanning electron microscopic studies of the inner ear tissues of five patients with
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cisplatin ototoxicity revealed fusion of stereocilia of the outer hair cells, with damage to the cuticular plate.[117] Another study of patients receiving cisplatin with or without irradiation revealed a decreased number of inner and outer hair cells 
and spiral ganglion cells. The stria vascularis was also found to be atrophic.[43] 

Experimental Studies

Histopathologic studies of the inner ear in animals mirror the findings reported in humans. The outer hair cells of the basal turn of the cochlea are damaged first, which extends to the more apical cells when dosing is continued. [51] [99] The first 
row of outer hair cells seems to be most vulnerable.[99] This is followed by progression of damage to the outer hair cells, with dilatation of the parietal membrane, softening of the cuticular plate, vacuole formation, and increased number of 
lysosome-like bodies in the apical portion of the hair cells. Stereocilia abnormalities, including fusion, on both inner and outer hair cells are visible.[20] Damage to the stria vascularis can also occur, especially after high-dose cisplatin exposure.
[72] Electrophysiologic studies have shown that cisplatin ototoxicity can be manifested by a decrease in the endocochlear potential,[88] by elevation in auditory brainstem response thresholds,[39] [88] [96] [97] and by elevations of the distortion product 
otoacoustic emissions (DPOAE).[39] [102] [103] The DPOAE input/output protocol is most sensitive for early detection of hair cell damage. [39] Elevations of DPOAE thresholds 4 days after cisplatin infusion in dogs could not be attributed to 
differences in peak plasma platinum levels. Thus, the variability in susceptibility in individual animals could not be explained by variations in plasma concentration of filterable platinum between animals.[103] 

Mechanisms of Ototoxicity

The ototoxicity of cisplatin seems to be mediated by the production of reactive oxygen species (ROS). Reactive oxygen molecules such as superoxide anion, hydrogen peroxide, and reactive nitrogen species (RNS) such as nitric oxide can 
cause cell damage by reacting with cellular lipids, proteins, and DNA. The inner ear has an antioxidant defense system, consisting of the tripeptide glutathione and its related antioxidant enzymes, such as glutathione peroxidase, glutathione 
reductase, and the other antioxidant enzymes catalase and superoxide dismutase. Glutathione and the antioxidant enzymes have been shown to be decreased in association with cisplatin-induced ototoxicity in the rat.[96] [97] Cisplatin has been 
shown to increase the formation of ROS in the cochlea by use of electron paramagnetic resonance spectrometry[17] and fluorescent dyes.[58] The production of superoxide anions inside the cochlear hair cells has been demonstrated in vitro by 
use of the nitroblue tetrazolium reduction assay.[24] Superoxide dismutates to hydrogen peroxide either spontaneously or by means of superoxide dismutase. Increased hydrogen peroxide formation has been detected in the inner ear after 
cisplatin exposure.[17] Because iron chelators have been shown to provide partial protection to hair cells exposed to cisplatin in vitro, it has been proposed that part of the ototoxic mechanism of cisplatin includes an iron-dependent pathway.[24] 
The reaction of ROS with the plasma membrane leads to the formation of membrane lipid peroxidation products such as 4-hydroxynonenal (HNE), which are highly reactive and can lead to cellular damage and cell death.[60] The primary 
target of cisplatin ototoxicity seems to be the outer hair cells, with those in the basal turn being most susceptible. This may result from the relatively low stores of glutathione in the outer hair cells of the basal turn compared with the inner 
hair cells and the outer hair cells in the more apical turns.[101] The ROS and RNS can attack cellular components as discussed previously, and superoxide anion can react with nitric oxide to form the highly toxic peroxynitrite, which can also 
attack cellular components. A partial scheme for the mechanism for cisplatin ototoxicity has been recently demonstrated in vitro. The reactive molecules, such as superoxide anion, nitric oxide, and others, can activate a cellular protein, p53. 
This activation can, in turn, activate enzymes in the cell death pathway, the caspases. Caspase-8 has been shown to be activated, which in turn converts a cellular protein BID from an inactive to an active form, truncated BID. Activated BID 
then acts on a cytosolic protein, BAX, which then translocates to the mitochondria. Activated BAX then makes the mitochondrial membrane leaky, and the mitochondrial enzyme, cytochrome-c leaks out into the cytoplasm. Cytosolic 
cytochrome-c interacts with another cell death enzyme, caspase-9, which, in turn, activates caspases 3 and 7, resulting in apoptosis or death of hair cells.[26] The application of caspase inhibitors to organ of Corti explants before and during 
exposure to cisplatin in vitro prevented apoptosis of hair cells.[65] This provides further evidence that cisplatin ototoxicity may be mediated by the cell death pathways, resulting in hair cell death and permanent hearing loss. These results need 
to be confirmed by the use of in vivo models of cisplatin ototoxicity. Additional research may provide clinically useful drugs that can block parts of these pathways and protect against ototoxicity of cisplatin.

Carboplatin

Carboplatin is a newer platinum compound that has been found to be less nephrotoxic than cisplatin.
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Preliminary data suggested that carboplatin was less ototoxic than cisplatin. The primary dose-limiting toxic side effect of carboplatin is bone marrow suppression. The latter effect can be overcome by autologous stem cell rescue and the use 
of hematopoietic growth factors. This has allowed the administration of higher doses of carboplatin to improve its antitumor efficacy and its therapeutic index. Carboplatin may be more ototoxic than initial studies indicated. High-dose 
carboplatin (2 g/m2 total dose) was associated with hearing loss in 9 of 11 children (82%), with hearing losses in the speech frequencies that were sufficiently severe that hearing aids were recommended.[83] These children had each received 
prior treatment with cisplatin, and several of them had been treated with aminoglycoside antibiotics. Carboplatin is highly effective in treating malignant brain tumors when given in conjunction with blood-brain barrier opening with 
mannitol. However, a large percentage of patients (15 of 19 or 79%) had high-frequency hearing loss develop when this treatment regimen was used.[80] Patients with ovarian cancer were treated with combination therapy of carboplatin and 
cisplatin for up to six courses. A retrospective study of the first course area under the curve (AUC) concentration-time data for carboplatin was carried out. No patients with a low AUC had ototoxicity, but 12% of patients in the high AUC 
group were found to have hearing loss, and 45% had thrombocytopenia.[81] Carboplatin seems to be rather unique in that it has been shown to preferentially damage inner hair cells in the chinchilla.[112] The mechanisms of ototoxicity of 
carboplatin may be related to the production of reactive oxygen and nitrogen species.[45] This is supported by the finding that pretreatment with buthionine sulfoximine (BSO) enhances the ototoxicity of carboplatin in the chinchilla. BSO 
inhibits the synthesis of glutathione. Animals treated with BSO by continuous intracochlear infusion had significantly greater losses of inner and outer hair cells than those treated with carboplatin alone. DPOAE and evoked potentials 
recorded from the inferior colliculus were found to be significantly reduced in amplitude in animals receiving BSO in combination with carboplatin compared with animals receiving carboplatin alone.[15] 

LOOP DIURETICS

The loop diuretics are potent synthetic drugs that exert therapeutic effects through their action on the loop of Henle of the kidney. They inhibit the reabsorption of sodium, potassium, and chloride ions by blocking an Na-K-2 Cl carrier. [35] 
Through this action on the kidney, they produce a rapid and dramatic increase in the volume of urine output. The most commonly used loop diuretics are furosemide and bumetanide. Ethacrynic acid is used less frequently. These drugs are 
used to treat congestive heart failure in infants and adults, to lower high blood pressure, to remove excess fluid from the lungs in newborns with immature lungs, and to assist in the control of edema from liver or kidney failure. Ethacrynic 
acid can be administered either orally or by intravenous injection. It was soon discovered to cause hearing loss after it was introduced into clinical medicine in the 1960s. Numerous cases of transient and even permanent deafness have been 



reported.[93] Permanent, profound mid-frequency and high-frequency sensorineural hearing loss has been reported in a kidney transplant patient who was treated with ethacrynic acid. This patient was successfully rehabilitated with binaural 
hearing aids.[92] Furosemide can also be administered orally or by intravenous injection. Approximately 65% of an oral dose is absorbed after oral ingestion.[84] This diuretic follows a three-compartment pharmacokinetic model with an average 
half-life of 29.5 minutes for renal elimination. The half-life of furosemide increases dramatically in patients with severe renal failure, in whom the half-life may be as long as 10 to 20 hours.[93] It has also been found to cause temporary and 
some permanent cases of hearing loss. Permanent hearing loss has been reported in certain adults[93] and in high-risk premature infants treated with furosemide.[13] Plasma levels of furosemide in excess of 50 mg/L have been associated with 
hearing loss.[87] [116] Sensorineural hearing loss may be accompanied by tinnitus and vertigo. The incidence of ototoxicity with furosemide was reported to be approximately 6% in a small series of patients.[108] Bumetanide, a more potent 
sulfonamide loop diuretic, has been reported to cause a much smaller incidence of hearing loss than furosemide.[37] [108] A related loop diuretic, piretanide, was found to be equally effective as furosemide in treating patients with congestive heart 
failure in a study of a small group of patients, and no patients were found to have hearing loss.[67] Studies of experimental animal and human temporal bones[4] show that the primary target of loop diuretics is the stria vascularis, where extensive 
edema develops in conjunction with loss of auditory function.[93] The primary target in the stria vascularis seems to be the Na/2Cl/K transporter (SLC12A2),[46] which may be similar to or identical to the transporter that furosemide and 
bumetanide inhibit in the kidney.[76] Interestingly, mice lacking this transporter are deaf,[32] but it is not known whether mutations of SLC12A2 contribute to human deafness.[114] The action of loop diuretics on the stria vascularis results in a 
reduction of the endocochlear potential, with an elevation of the threshold for the compound action potential.[91] Immature rats[95] and rats with low albumin[94] are more
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susceptible to the ototoxic effects of furosemide. This suggests that the ototoxic action of loop diuretics depends on the unbound fraction of drug in the serum.[94] Clinical studies suggested that the ototoxicity of furosemide may be reduced by 
infusing the drug at rates of less than 15 mg/minute.[116] Recent studies in the chinchilla have suggested that the ototoxicity of ethacrynic acid may be caused by impaired blood flow in the lateral wall of the cochlea. In these experiments, the 
blood vessels to the modiolus, spiral lamina, and vestibular end organs seemed normal. However, the vessels supplying the spiral ligament and stria vascularis had poor flow at 2 minutes after ethacrynic acid injection, and the vessels seemed 
to lack red blood cells 30 minutes after injection. The compound action potential, cochlear microphonics, and summating potential all declined without recovery after the microcirculatory changes in the lateral wall vessels, and reperfusion 
was delayed in the stria vascularis arterioles to other blood vessels in the lateral wall. Thus, ischemia followed by reperfusion generates large quantities of oxygen free radicals that could cause structural and functional damage to the stria 
vascularis and organ of Corti.[27] Outer hair cell loss in the basal turn of the cochlea has been observed in temporal bone studies of patients experiencing ethacrynic acid ototoxicity.[69] Torsemide, a new loop diuretic, was found to cause 
reversible hearing loss in cats at a dose that was similar to that of furosemide.[55] No evidence of ototoxicity has been demonstrated in humans to date.[28] 

SALICYLATES

Salicylates are derivatives of benzoic acid that have been used to treat mild to moderate pain, such as headache, dental pain, and arthritis. These drugs have an antiinflammatory and an analgesic effect. Salicylates are tightly bound to serum 
proteins after oral absorption, and only a small percentage of the concentration of salicylate in blood is unbound or free. In animal experiments, it has been reported that after systemic administration, salicylates rapidly enter the perilymph. 
The percentage of the corresponding blood level achieved in the perilymph can be as high as 25% to 33%[11] [50] in chinchillas,[11] and in rats,[47] the relationship between serum and perilymph concentrations is nearly linear. Serum levels of 
between 25 and 50 mg/dL were reported in chinchillas receiving 450 mg/kg of salicylate intraperitoneally. They were found to have threshold elevations for auditory brainstem response of 30 dB, on the average, primarily at the higher 
frequencies. [11] Guinea pigs receiving the same dose were found to have increased spontaneous activity of inferior colliculus neurons, which may be a neural correlate of tinnitus.[47] Direct perfusion of sodium salicylate into the cochlea 
suppresses the compound action potential evoked by low-intensity but not by high-intensity stimuli and reduces the cochlear microphonic potential without altering summating potential in guinea pigs.[86] The effects of salicylates on the 
cochlea may be caused by changes in blood flow and by changes in the stiffness the lateral membrane of the outer hair cells.[64] Hearing loss in humans may be related to the concentration of salicylates in blood. Patients with blood levels of 
20 to 50 mg/dL can have hearing losses of up to 30 dB.[79] Even lower concentrations of salicylate may correlate with hearing loss. At concentrations of 11 mg/dL, hearing loss was 12 dB. There seems to be a linear relationship between 
hearing loss and free salicylate concentrations.[22] The site of lesion testing in patients with salicylate-induced hearing loss shows a cochlear site of lesion. [71] Tinnitus seems to increase continuously with increasing plasma concentrations of 
salicylate over the range of 40 to 320 mg/dL. Histopathologic studies of animal and human temporal bones from patients with documented hearing loss after receiving salicylates do not show significant hair cell damage or injury to the stria 
vascularis.[23] No damage to the spiral ganglion cells or myelin sheath of the eighth nerve has been demonstrated. [30] 

QUININE AND RELATED DRUGS

Quinine is an alkaloid drug that is used to treat malaria and leg cramps. It is also present in tonic drinks. Quinine toxicity can present as a syndrome known as cinchonism. These symptoms include deafness, vertigo, tinnitus, headache, and 
visual loss and nausea. Up to 20% of patients may complain of high-frequency hearing loss with prolonged courses of treatment. There may be a 4-kHz notch, and speech discrimination score may be less than 30%, but the hearing loss may 
be reversible. [56] If hearing loss occurs within the speech frequencies, hearing loss may be permanent.[73] Guinea pigs were found to have increasing hearing loss with increasing blood concentrations of quinine.[2] Chinchillas receiving a single 
intramuscular injection of quinine, 150 mg/kg, were found to have a reversible 20-dB threshold elevation of auditory brainstem response, and similar shifts were observed after round window application of quinine.[59] Perceptual tinnitus may 
occur after quinine administration. A conditioned-suppression study of rats revealed a dose-dependent induction of behavioral tinnitus after quinine treatment. These effects were blocked by nimodipine, a calcium channel blocker. [48] 
However, nimodipine did alter the threshold elevation of compound action potential observed after quinine.[82] 
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ERYTHROMYCIN AND RELATED MACROLIDE ANTIBIOTICS

Erythromycin was introduced into clinical medicine in the 1950s. This antibiotic has found to be useful in the treatment of a variety of infections, including pneumonia caused by Legionella pneumophila, which has resulted in increased use 
of erythromycin by the intravenous route. It was screened for possible ototoxicity early on, but only vestibular testing was carried out. Nevertheless, it was concluded that erythromycin was not ototoxic.[3] It was not until 1973 that the first 
case of ototoxicity in patients was reported. [74] Quite a few cases of bilateral sensorineural hearing loss have been reported after intravenous or even after oral administration. Most of these patients were elderly and had liver or kidney disease 
or had been treated with high-dose erythromycin for Legionnaire's disease. Ototoxic symptoms include "blowing" tinnitus, loss of hearing, and, in some cases, vertigo. Some patients complained of confusion, fear, psychiatric disturbances,[109] 
visual changes, slurred speech, a sensation of having been drugged, or lack of control. [19] Most cases of hearing loss and tinnitus have been transient. Recovery of normal hearing usually takes place within 1 to 2 weeks after stopping 
erythromycin.[105] However, two cases of permanent ototoxicity have been reported, one with permanent tinnitus[62] and one with permanent hearing loss.[29] Hearing loss from erythromycin has been reported in liver or kidney transplant patients. 
The incidence of hearing loss in these patients seems to be dose related. Hearing loss was observed in 16% of patients receiving 2 g daily but increased to 53% in those treated with 4 g daily. Fortunately, complete reversal of hearing loss 
occurred after modification of therapy.[111] In a separate series of three liver transplant recipients, it was believed that an interaction occurred between erythromycin and cyclosporin that may have caused the hearing loss. [78] The audiometric 
pattern in patients with erythromycin ototoxicity can be a flat type of sensorineural hearing loss, although some patients manifest a high-frequency loss. Auditory brainstem response testing in two patients with erythromycin ototoxicity 



showed absence of waves I to III during erythromycin therapy, when pure tone audiograms documented sensorineural hearing loss. The auditory brainstem response pattern and the audiograms normalized after cessation of erythromycin. [98] 
Several guidelines have been recommended for the prevention of erythromycin ototoxicity: (1) Pretreatment audiograms should be obtained in elderly patients and in those who have impaired liver or kidney function. (2) Caution should be 
used in combining erythromycin with other potentially ototoxic drugs. (3) If the serum creatinine is >180 mol/L, the daily dose of erythromycin should not be >1.5 g.[100] 

Azithromycin is a newer antibiotic related to erythromycin. Like erythromycin, it is also ototoxic. This side effect was first reported in patients with acquired immune deficiency syndrome undergoing long-term treatment for disseminated 
Mycobacterium avium infections. Three patients complained of hearing loss, and audiograms confirmed mild to moderate sensorineural hearing loss, which resolved within 2 to 4 weeks after cessation of treatment.[113] Another series of 
patients had reversible ototoxicity associated with high-dose oral azithromycin therapy (2400 mg per day). It took an average of 5 weeks for hearing to recover after cessation of treatment.[106] Two additional cases of reversible sensorineural 
hearing loss with azithromycin have been reported.[66] Two cases of apparently permanent hearing loss have been reported. A 47-year-old woman became completely deaf after 8 days of treatment with azithromycin.[8] A 39-year-old woman 
had tinnitus develop bilaterally within 24 hours of taking the drug and subjective hearing loss after the second day when the stopped taking the medication. An audiogram revealed moderate to severe high-frequency sensorineural hearing loss 
in the right ear and mild to moderate high-frequency loss on the left side. Twelve months later, the tinnitus and hearing loss was still present, although the tinnitus was less severe. [89] Guinea pigs treated with azithromycin or a related drug, 
clarithromycin, were found to have a reversible alteration of transiently evoked otoacoustic emissions.[110] The mechanisms of ototoxicity of these macrolide antibiotics are not known.

VANCOMYCIN

Vancomycin is a glycopeptide antibiotic that is used to treat infections with methicillin-resistant infections caused by Staphylococcus aureus, S. epidermidis, and other difficult-to-treat infections, such as enterococcal endocarditis in patients 
with penicillin allergies. It has been reported to be ototoxic. It is used orally to treat pseudomembranous colitis caused by Clostridium difficile. Because of poor oral absorption, vancomycin is usually given intravenously. Multicompartment 
pharmacokinetic models have been described.[5] [21] It is usually given every 12 hours in patients with normal renal function, but a once-daily regimen has been recently described that has equivalent efficacy and a similar safety profile.[18] As 
mentioned previously, it is given orally to treat pseudomembranous colitis. Usually, no significant absorption occurs after oral dosing.[52] It is sometimes administered intrathecally to treat bacterial meningitis, and severe sensorineural hearing 
loss has been reported in a patient receiving vancomycin by this route.[54] Elderly patients, even if they have normal
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renal function, have reduced renal clearance of vancomycin.[21] The half-life is significantly longer in premature infants; therefore, careful monitoring of blood levels in premature infants has been recommended.[36] Vancomycin administered to 
pregnant women did not cause hearing loss in their infants who were tested after birth.[90] In a large-scale newborn hearing screening, vancomycin has not been associated with failure on automated auditory brainstem response.[25] Vancomycin 
given in near-lethal doses in guinea pigs was found to be not ototoxic, but potentiation of gentamicin ototoxicity in guinea pigs was found.[14] A critical review of previously reported cases of permanent ototoxicity attributed to vancomycin 
suggested that most cases could be explained by concomitant aminoglycoside exposure.[14] Therefore, vancomycin seems to have a low probability of causing permanent ototoxicity if it is not given in combination with another ototoxic agent. 
Although the incidence of audiometrically proven hearing loss was 1 in 31 (3.2%) and 5 in 32 (15.6%) in patients receiving once-daily or twice-daily vancomycin therapy, these findings were based on a single posttreatment audiogram 
compared with the pretreatment baseline. It is not known whether these hearing losses were temporary or permanent.[18] 

OTOTOXICITY MONITORING FOR HEARING LOSS

Audiometric monitoring for ototoxicity depends on the risk of the treatment regimen. For a low-dosage or short-duration treatment protocol for aminoglycosides with no clinical risk factors, the use of a pretreatment and posttreatment 
audiogram with a weekly self-assessment checklist monitoring may be adequate but would not provide an early warning of potential hearing loss. For a high-risk, long-duration course of therapy with a high-risk agent such as amikacin, 
pretreatment and posttreatment testing with intervening weekly or biweekly monitoring of conventional audiometry and high-frequency audiometry may be advisable. For aminoglycosides, the final audiogram after treatment should not be 
performed until a few weeks after conclusion of therapy, because additional delayed effects on hearing may occur.[16] For cisplatin treatment protocols, monitoring at baseline, just before beginning each cycle, when the patient is less ill and is 
able to cooperate better and after the conclusion of therapy may be sufficient to document hearing loss and provide guidelines for rehabilitation, because life-saving therapy may impossible to modify. As protective agents progress into 
clinical use, high-frequency audiometry may help to monitor the efficacy of the protective protocols.[16] 
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Chapter 131 - PHARMACOLOGIC TREATMENT OF THE COCHLEA AND LABYRINTH

Anil K. Lalwani 
John F. McGuire 

INTRODUCTION

Protected by one of the hardest bones in body, the cochlea is nearly an impenetrable structure, frustrating both bacteria and humans trying to gain access to it. Were it not for its windows, delivery of therapeutic agents to the inner ear would 
always necessitate traumatic disruption of its bony walls and fearful consequences to hearing. In the past 20 years, there has been a resurgence of interest in directed therapy to address inner ear disorders, because indirect, systemic therapy 
has shown limited success and significant morbidity. Experimentally, as reviewed later, investigators have shown that intratympanic and intracochlear therapy is feasible and efficacious. The direct intracochlear application of therapeutic 
agents, once feared, may be the standard therapy of the future. In this century, inner ear "surgery" will be developed to the fullest to prevent hearing loss and restore hearing. In this chapter, the core of knowledge regarding delivery of 
material into the inner ear and its therapeutic consequences will be reviewed. The dawning of a new era in ototherapy is here.

ROUND WINDOW MEMBRANE

Anatomy

The round and oval windows sit on the medial wall of the middle ear. The conduction apparatus of the middle ear converges on the oval window, an arrangement designed to transfer the mechanical energy of sound waves into fluid waves 
that pass through the cochlea. Although situated at the tail end of this apparatus, the round window membrane (RWM) plays an essential role in acoustic dynamics, because the compliance of the membrane allows for this mechanical energy 
to be released from the cochlea; without this outlet, no waves could travel through the perilymph. The actual RWM sits in the round window niche (fossula fenestrae cochleae) just posteroinferior to the promontory. When viewed from the 
intact tympanic membrane, the round window niche can be found an average of 3.44 mm (±0.68) from the umbo, at an average angle of 113.2 degrees (±9.8) from the long process of the malleus.[189] 

The RWM is a three-layered structure designed to protect the inner ear from middle ear pathology and facilitate active transport. There is an outer epithelial layer that faces the middle ear, a central connective tissue layer, and an inner 
epithelial layer interfacing with the scala tympani. The outer epithelial layer is continuous with the promontory. Mucoperiosteal folds from the neighboring epithelium can sometimes obstruct the round window niche, forming a "false" 



RWM. The most prominent feature of the outer epithelial layer is the extensive interdigitations and tight junctions of its cells; in addition, there is also a continuous basement membrane layer. This architecture, with tight junctions and a 
continuous basement membrane, functions as a defensive shield designed to protect the inner ear from middle ear infections. The cells also feature a well-developed rough endoplasmic reticulum and Golgi complex with occasional 
microvilli, suggesting that active transport of elements across the middle and inner ear compartments may occur. The connective tissue core contains fibroblasts, collagen, and elastic fibers, and houses blood and lymph vessels. The 
connective tissue layer is divided roughly into thirds, differing by fiber type and cellular material. Closest to the middle-ear epithelium are coarse and loosely arranged collagen fibers, relatively devoid of elastic fibers. In the middle of this 
layer, these fibers are joined by fibroblasts and ground substance, with occasional blood vessels and elastic fibers. Finally, bordering the inner-ear epithelium, there is a gradual increase in fibroblasts, collagen, and elastic fibers. As a whole, 
the connective tissue layer is responsible for providing compliance to the RWM. Finally, there is a discontinuous inner epithelial layer that bathes in the perilymph of the scala tympani. Cells in this layer house pinocytotic vesicles and 
amorphous intracellular components and feature long lateral extensions that bathe in the perilymph, again

2945

suggesting that the RWM participates in some form of active transport.[64] The histologic complexity of the RWM can be appreciated in Figure 131-1 .

Physiology

The RWM is a dynamic biologic membrane. All three layers of the RWM participate in a defensive response to pathogen insult. In the context of otitis media, the outer epithelial cells become hyperplastic, whereas blood vessels within the 
connective tissue layer become edematous and dilated, permitting the extravasation of neutrophils and macrophages. Fibroblasts 

 
Figure 131-1 Normal human RWM in a 70-year-old individual. OE, outer epithelium; IE, inner epithelium; CTI, area of loose connective tissue; CTd, area of dense connective tissue; F, fibroblasts; LEF, large elastic fibers; CF, collagen 
fibers; GS, ground substance (uranyl acetate-lead citrate); H3000. (From Goycoolea MV: Acta Otolaryngol 121:437, 2001.) 

 

Figure 131-2 Light microscopic changes in the thickness of the RWM stained for toluidine blue on normal control (A) and day 1 in pneumococcus-induced otitis media (B). The change was most prominent on day 1, which was most evident 
in the outer epithelium and subepithelial space of the RWM; H200. MEC, middle ear cavity; ST, scala tympani. (From Yoon YJ, Hellstrom S: J Korean Med Sci 17:230, 2002.) 



 

Figure 131-3 Schematic of the physical processes incorporated into the simulation program (the Washington University Cochlear Fluids Simulator, version 1.6, a public-domain computer program available at http://oto.wustl.edu/cochlea/). 
The compartments shown include the middle ear (ME), scala tympani (ST), cochlear endolymphatic space (ELS), scala vestibuli (SV), and vestibule (V). Drug enters through the round window (RW) in an amount depending on the 
permeability and spreads longitudinally by diffusion. Local interscala exchange allows drug to spread to the endolymphatic space and the scala vestibuli and from there to the vestibule. Drug clearance (losses to other compartments such as to 
blood) occurs from each compartment. Diffusion, clearance, and interscala exchange are calculated for each 0.1-mm segment of the fluid space. (From Plontke SKR, Wood AW, Salt AN: Otol Neurotol 23:967, 2002.) 

 

Figure 131-4 Illustration shows how the angle between the handle of the malleus and the round window (shown in the supine operative position) was calculated. (From Silverstein H, Durand B, Jackson LE and others: ENT J 80(7):444, 
2001.) 

 

Figure 131-5 The Silverstein MicroWick. (Reprinted with permission by the Durect Corporation, Cupertino, CA.) 

 

Figure 131-6 The IntraEar Microcatheter. (Reprinted with permission by the Micromedics Corporation, Eaton, MN.) 
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Figure 131-7 Distribution of GR (glucocorticoid receptors) in the individual regions of the cochlear and vestibular tissues. Amount of GR expressed for each tissue region is relative to that of the spiral ligament (SL). OC, Organ of Corti; SV, 
stria vascularis; CA, crista ampullaris; MU, macular region of utricle; MS, macular region of saccule; SC, nonampullated portions of semicircular ducts; ADC, ampullar dark cells; NSV, nonsensory wall (posterior) of utricle. (Adapted with 
permission from Rarey KE, Curtis LM: Otolaryngol Head Neck Surg 115:38, 1996.) 
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cochlear and vestibular hair cells in the same animal. If dark cells are responsible for the selective effect of gentamicin, this has yet to be established in any preclinical models. Explanation of this mechanism, if it exists, would be a great 
advance in otology.

Gentamicin Pharmacokinetics

Intratympanic gentamicin kinetics in the perilymph follow a one-compartment model.[70] [75] Gentamicin rapidly diffuses across the RWM; therefore, the kinetics of gentamicin in perilymph are largely determined by the method of delivery.[15] [70] 
[75] Intratympanic injection has a faster absorption phase, demonstrates higher peak concentrations, and exhibits significantly more variability in all measurements than sustained-release delivery methods.[9] [75] In pharmacokinetic studies, large 
value ranges and standard deviations are characteristic of IT injection delivery (see Figure 131-8 ).[75] 

Elimination of gentamicin from the perilymph compartment is rapid and dose dependent.[70] Because of this rapid elimination, a sustained-release vehicle for drug delivery, such as a fibrin-based glue[9] or delivery by microcatheter, is the only 
way to maintain high concentrations of gentamicin in perilymph.[75] Although elimination in perilymph is rapid, there seems to be significant uptake of gentamicin in inner ear tissues, essentially constituting a second, "deeper" compartment. 
Access of aminoglycosides to the organ of Corti is probably directly from the perilymph rather than from the endolymph.[205] Indeed, that gentamicin appears in the endolymph at all seems to be a function of it being slowly released from inner 
ear tissues. This delayed release may explain why aminoglycosides are not immediately toxic when applied into the perilymph, whereas toxicity in vitro (without compartments) is seen immediately.[6] Hiel and others[71] showed that gentamicin 
is rapidly and specifically captured by hair cells, such that there is significant uptake of gentamicin before morphologic ototoxic changes occur. Hair cells store aminoglycosides in lysosomes, essentially constituting the "deep" intracellular 
compartment referred to previously. This compartment provides prolonged exposure of these cells to aminoglycosides and may be the basis for the delayed morphologic and functional effects seen clinically.

The pharmacokinetic data generated in animal models seem to fit what occurs in humans. Becvarovski and others[15] devised an in vivo human pharmacokinetic study by recruiting patients who were undergoing either translabyrinthine surgery 
or labyrinthectomy and exposed them to gentamicin intraoperatively through the facial recess. In these patients, there was rapid diffusion of gentamicin into the perilymph that peaked after 30 minutes. After this peak, concentrations were in 
a stable range until the limit of their experiment at 110 minutes. Although there was no evidence of gentamicin in the cerebrospinal fluid, gentamicin was detected in serum shortly after administration (1–2 hours). In summary, this study 



confirms that rapid diffusion of gentamicin across the round window occurs in humans. Furthermore, this study indicates that the elimination of gentamicin involves crossing the blood-labyrinthine barrier, because gentamicin was detected in 
the serum shortly after administration.

As mentioned previously, progress in understanding gentamicin pharmacokinetics has been made with computer simulations. Plontke and others[146] approximated published in vivo kinetics data by adjusting input parameters defining RWM 
permeability, clearance, and interscala drug exchange. The results can be appreciated in Figure 131-9 . They were able to establish that IT administered gentamicin spreads from the RWM to the vestibule by communication through the scala 
rather than by diffusion through the helicotrema. The study also suggested that drug concentrations and distribution in the perilymph were substantially influenced by the delivery method and the duration of exposure of the drug to the RWM.

Clinical Protocols

Although many studies that used IT gentamicin have been published, because of severe differences in the 

 
Figure 131-8 Perilymph gentamicin kinetics after sustained-release and transtympanic local delivery. Kinetics curves of perilymphatic gentamicin concentrations after sustained-release and transtympanic delivery. The solid line 
demonstrates the sustained-release curve. The transient 4-hour peak followed by sustained delivery from 24 to 72 hours with the presence of gentamicin at 6 and 10 days. The dashed line is the transtympanic curve with rapid uptake and 
almost total elimination within 48 hours. The standard error of the mean bars are much larger for transtympanic delivery than for sustained-release delivery. Note: The x-axis (time) is not to scale. (From Hoffer ME, Allen K, Kopke RD and 
others: Laryngoscope 111:1343, 2001.) 

 

Figure 131-9 Above, full circles: Experimental measurements of gentamicin levels in perilymph samples taken from the vestibule after application to the round window. Data are replotted from Hoffer and others[76] [77] and Balough.[9] Solid line, 
Best fit of the concentration time course established by the simulator (the Washington University Cochlear Fluids Simulator, version 1.6) based on physical processes of solute movement. The curve represents the calculated concentration of 
a simulated 15-µL sample taken from the vestibule (as described in the text). Inset graph, A unique best fit (using methods descried in the text) was found to occur with an interscala exchange half-time of 45 minutes. Below, Calculated 
gentamicin time course in the vestibule with best-fit parameters (open circles) and with specific processes in the simulator disabled (solid lines). (From Plontke SKR, Wood AW, Salt AN: Otol Neurotol 23:967, 2002.) 

 

Figure 131-10 Hypothetical model showing how an injury to the cochlea can result in apoptotic cell death of injured auditory sensory cells by way of the activation of the caspase pathway. (From Lefebvre PP, Melgrange B, Lallemend F and 
others: Audiol Neurotol 7:165, 2002.) 



 

Figure 131-11 The energy-minimized model structures of the proposed binding site of the 2:1 low-spin gentamicin/iron complexes. The 2-amine, the 3-amine, and the connecting glycosidic oxygen on each of two gentamicins would form an 
octahedral complex around the iron ion. (From Priuska EM, Clark-Baldwin K, Pecoraro VL and others: Inorganica Chimica Acta 273:85, 1998.) 

 

Figure 131-12 Schematic drawing shows common causes of peripheral sensorineural hearing loss, possibly protective means, and potential treatment. (From Duan ML, Ulfendahl M, Laurell G and others: Hear Res 169:169, 2002.) 



 

TABLE 131-1 -- FEATURES OF VARIOUS GENE THERAPY VECTORS

Vector Genome Insert Size Site Efficiency Cell Division Expression Advantages Disadvantages

AAV ssDNA 4.5 kB Genome Variable Not required Permanent No human disease Difficult to produce

Retrovirus RNA 6–7 kB Genome Low Required Permanent Suited for neoplastic cells Insertional mutagenesis

Adenovirus dsDNA 7.5 kB Episome Moderate Not required Transient Ease of production Inflammatory response

Herpesvirus dsDNA 10–100 kB Episome Moderate Not required Transient Neural tropism Human disease

Plasmid RNA/DNA Unlimited Episome Very Low Not required Transient Safe, easy production Low transfection

Liposome RNA/DNA Unlimited Episome Very Low Not required Transient Safe, easy production Low transfection
 
expression of a transgene spliced into the viral vector. Recent studies have demonstrated the lentiviral vector's exceptional ability to infect and integrate into the genome of nonproliferating, postmitotic cells. Thus, the postmitotic cochlear 
neuroepithelia and the spiral ganglion neurons represent suitable targets for a stable long-term transgene expression by means of lentivirus-mediated gene transfer.[133] 

Liposome vectors work by coupling of cationic lipids with DNA. This liposome-DNA complex binds to the plasma membrane of the target cells, releasing the DNA into the cytoplasm where it is eventually incorporated into the host genome. 
[210] Liposome vectors are nonimmunogenic and are easy to produce. Furthermore, the DNA introduced into the host cell is incorporated by recombination, so there is little risk of insertional mutagenesis.[106] The drawback of liposome vectors is 
a low transfection rate compared with other vectors.[86] The feasibility of inner ear gene transfer with liposome  

TABLE 131-2 -- DIFFERENTIAL INFECTIVITY OF GENE THERAPY VECTORS BY TISSUE TYPE

Vector Hair Cells Supporting Cells Auditory Neurons Stria Vascularis Reissner's Membrane Spiral Ligament Immune Response

AAV + + + - + + -

Adenovirus + + + + + + +

Herpesvirus - + + - + + +

Vaccinia + +  + + + +

Lentivirus - - + - + + -

Liposomes + + + - + + -



 
some vectors has been demonstrated by several in vivo studies.[86] [216] 

Table 131-2 summarizes the characteristics of cochlear transgene expression with different gene transfer vectors. The varying expression patterns between the vectors likely reflect unique properties of the viruses because they were all 
introduced similarly within the cochlear perilymph carrying marker genes driven by strong viral promoters. The variability in the transgene expression pattern is likely a consequence of number of factors, including the size of the viral 
particle, presence or absence of viral receptors, and mode of delivery. Inspection of the table allows for some generalization about the ability of various viral vectors in transfecting cochlear tissues. The spiral ganglion cells, spiral ligament, 
and Reissner's membrane were transfected by every virus tested. On the other hand, only adenovirus demonstrated transgene expression within the stria vascularis. Immune
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response was present in the cochlea after transfection with adenovirus, HSV, and vaccinia virus.

Delivery

Local gene therapy to the inner ear is feasible because of its relatively closed anatomy. Developing a delivery method for genetic vectors to the inner ear without causing local destruction is a significant obstacle. Several delivery methods 
have been used, including miniosmotic pump infusion (either through cochleostomy or through the RWM), microinjection into the RWM, injection into the endolymphatic sac, and diffusion across the RWM after local Gelfoam placement. 
Cochleostomy has been shown to cause histopathologic alterations (including localized surgical trauma and inflammation) and may lead to hearing loss.[24] 

Introduction of viral vector by means of infusion with a miniosmotic pump was characterized by evidence of trauma at the basal turn adjacent to the cochleostomy associated with an inflammatory response and connective tissue deposition. 
Carvalho and others[24] demonstrated preservation of preoperative auditory brainstem response (ABR) thresholds in the lower frequencies (1–2 kHz), mild postoperative elevation of thresholds (<10 dB) in the mid-frequencies (4–8 kHz), and 
marked rise (>30 dB) in ABR thresholds at higher frequencies (>16 kHz) after miniosmotic pump infusion by way of a cochleostomy. Several studies have documented that direct microinjection through the RWM can be accomplished 
without causing permanent hearing loss or tissue destruction seen with cochleostomy.[95] [216] Histologically, cochleae microinjected through the round window demonstrated intact cochlear cytoarchitecture and an absence of inflammatory 
response 2 weeks after microinjection through the round window. Furthermore, microinjection through the RWM did not cause permanent hearing dysfunction.[95] 

The potential for surgical trauma, inflammation, and hearing loss associated with these infusion or microinjection techniques lead to the investigation of a less-invasive delivery method. Diffusion across the RWM has been shown to be an 
effective, atraumatic, but vector-dependent method of delivery for gene transfer vectors. Jero and others[86] investigated the potential to deliver a variety of vectors across an intact RWM by loading vectors onto a Gelfoam patch that was 
placed in the round window niche. Adenovirus and liposome vectors, but not the AAV vector, effectively infected inner ear tissues, as evidenced by detection of reporter genes.

Preclinical Applications

Most of the preclinical applications for gene therapy in the inner ear have concerned neurotrophin therapy. This is because for some applications of exogenous neurotrophins (such as to maintain SGN survival or to induce neurite outgrowth), 
the neurotrophins must be chronically applied. In this sense, gene therapy is being used as a long-term drug delivery strategy, rather than to replace defective or missing genes.

Staecker and ohers[195] used a HSV-1 vector to deliver BDNF to the inner ear. After neomycin injection, the gene therapy group demonstrated a 94.7% salvage rate for SGNs in contrast to a 64.3% loss of SGNs in control animals. Interestingly, 
although BDNF staining was ubiquitous in inner ear tissues, this was not the case for the reporter gene, β-galactosidase. Hence, although only 50% of cells were transfected (as determined by the number of β-galactosidase cells), this was 
enough to cause cochlea-wide BDNF distribution and ensure 95% SGN survival. They authors speculate that SGNs must require only a small number of BDNF-producing cells to ensure the survival of the entire ganglion.

Lalwani and others[105] used both in vitro and in vivo models to test effectiveness of an AAV vector for BDNF transfer. They found a significant survival effect from controls after aminoglycoside challenge in cochlear explants. Although 
direct measurements of BDNF could not be recorded, the vector's ability to salvage SGNs was tested against a gradient of known BNDF concentrations. They found that the vector system was able to achieve the same protective effects as 0.1 
ng/mL of BDNF. This is subtherapeutic, because the most efficient dose was determined to be 50 ng/mL, a concentration of BDNF that results in almost total SGN protection ( Figure 131-13 ). In the in vivo experiment, animals infused with 
AAV-BDNF with an osmotic minipump displayed enhanced SGN survival. The protection from AAV-BDNF therapy was region specific; there was protection at the basal turn of the cochlea but not the middle or apical turn. The authors 
propose that this regional selectivity is a pharmacokinetic phenomenon.

Neurotropin-3 gene transfer for protection against cisplatin-induced ototoxicity has been achieved by the use of an HSV-1 amplicon-mediated delivery system. [19] [31] Chen and others[31] established efficacy of the vector in an in vitro study, in 
which amplicon-mediated transfer of NT-3 (demonstrated by production of NT-3 mRNA proteins and by reporter gene expression) conferred increased survival to cochlear explants after cisplatin exposure. Bowers and others[19] confirmed 
these effects in an in vivo model, in which amplicon-mediated transfer of NT-3 to SGNs suppressed cisplatin-induced apoptosis and necrosis. The authors suggest that these findings may not only be useful to
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Figure 131-13 Effect of adeno-associated virus-brain-derived neurotrophic factor (AAV-BDNF) or BDNF protein on survival of spiral ganglion neurites in the cochlear explants after amikacin exposure. After exposure to amikacin and 
various concentration of BDNF protein (0.1, 1.0, 10, and 50 ng/mL) or 105 IU AAV-BDNF, the N52-labeled cochlear explants were examined under a Zeiss Axiophot epifluorescent microscope. The number of individual neurites was 
counted with a grid ocular reticule covering a distance of 100 mm in the middle turn only. After amikacin exposure, there was significant reduction in the neurite count that was rescued with BDNF treatment. Enhancement of survival with 
AAV-BDNF was similar to that seen with 0.1 ng/mL. Neuronal survival was significantly enhanced in rat cochlear explants exposed to AAV-BDNF and BDNF protein at 0.1, 1.0, 10, and 50 ng/mL compared with control samples (P < .5). 
(Adapted from Lalwani AK, Han JJ, Castelein CM and others: Laryngoscope 112:1325, 2002.) 
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Chapter 132 - INFECTIONS OF THE EXTERNAL EAR

Michael J. Ruckenstein 

APPLIED ANATOMY

The external ear consists of the auricle and the external ear canal. The auricle, with the exception of its lobule, is formed by a framework of elastic cartilage. The perichondrium is tightly bound to the cartilage on its lateral surface and more 
loosely bound to its medial surface. Sebaceous glands and hair follicles are found in the subcutaneous layer of the auricle. Adipose tissue is generally restricted to the lobule. Keratinizing squamous epithelium covers the auricle.

The ear canal measures approximately 2.5 cm in length, with the anterior portion being approximately 6 mm longer than the posterior wall. The lateral one-third of the canal possesses a cartilaginous skeleton, a subcutaneous layer containing 
hair follicles, sebaceous and apocrine glands, and a squamous epithelial surface layer. The hydrophobic, slightly acidic (pH 6.0–6.5) cerumen is formed by glandular secretions and sloughed epithelium in this portion of the canal. Transverse 
slits on the floor of the cartilaginous canal (the fissures of Santorini) allow for spread of infection or neoplasms from the external canal to the soft tissues surrounding the ear canal. The osseous portion of the canal begins at the narrow 
isthmus and is formed mostly by the tympanic portion of the temporal bone and a thin layer of squamous epithelium continuous with the lateral surface of the tympanic membrane. It lacks a subcutaneous layer.

The skin of the ear canal possesses a unique, self-cleansing mechanism. The sloughed keratinous layer of tympanic membrane migrates in a centrifugal fashion to the ear canal. This migratory process continues from the medial to lateral 
portions of the osseous canal, where the sloughed epithelium is deposited into the cartilaginous portion of the canal and is extruded as a component of cerumen.

OTITIS EXTERNA

Definition

Otitis externa is an inflammatory (typically infectious) disorder of the external ear canal.

Incidence and Epidemiology

Acute otitis externa affects approximately 4 of every 1000 children and adults per year.[9] Approximately 80% of the cases occur in the summer, particularly in warm, humid environments.[27] Other predisposing factors include anatomic 
obstructions of the ear canals (stenosis, exostoses, impacted cerumen), hearing aid or ear plug use, self-induced trauma (e.g., by cotton swabs), and swimming.

Pathogenesis

Bacterial

The initiating event is believed to be an abrogation of the hydrophobic ceruminous coating of the external canal.[29] This exposes the underlying epithelium to water and other contaminants, leading to edema and excoriation of the epithelial 
layer. These violations of the epithelium allow for bacterial infection. The resulting infection and inflammatory response lead to progressive erythema and edema of the epithelial and subcutaneous layers. These pathologic changes are 
associated symptoms of itching, pain, and otorrhea.

Fungal

Fungal infections of the external canal are generally considered to be opportunistic, occurring subsequent to treatment of bacterial infection. Superficial infection of the ear canal by yeast (Candida sp.) can be seen in patients who use hearing 
aids. Aspergillus sp. may induce a more aggressive infection, involving the epithelial and subcutaneous tissues ( Figure 132-1 ).

Chronic

Chronic otitis externa represents different disease states with distinct etiologies. 

• Allergic otitis externa may result from an allergic reaction to topical agents, most commonly neomycin. It manifests as a maculopapular eruption on the skin of the conchal bowl and ear canal.
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• A contact dermatitis can result from contact with a variety of agents, including hairsprays, shampoos, and hearing aid molds.
• Psoriasis or systemic dermatitides such as seborrhea can involve the ear canal. The chronic inflammatory reaction typically results in hyperkeratosis and lichenification of the ear canal skin.
• Granular otitis externa is thought to result from chronic infection of the ear canal by bacteria and/or fungi. The ear canal skin and tympanic membrane manifest granulation and excoriation.

 
Figure 132-1 Otomycosis. This florid infection with Aspergillus flavus has infected the deep canal, with tufts of fungus crowned by yellow conidiophores. 



 

TABLE 132-1 -- MICROBIOLOGY OF OTITIS EXTERNA[25]

Pseudomonas aeruginosa 40%

Staphylococcus epidermidis •9%

Staphylococcus aureus •8%

Staphylococcus sp, other •8%

Coryneform (diphtheroids) •9%

Other gram-negative rods (e.g., Enterobacter, Klebsiella, Proteus, Escherichia coli) •9%

Streptococcus, Enterococcus •4%

Aspergillus/Candida •2%
 

1.  An erythematous canal with scant discharge in cases of early bacterial otitis externa.
2.  An edematous canal filled with purulent-squamous debris in cases of well-established bacterial otitis externa.
3.  An accumulation of white debris sprouting hyphae best seen with the otologic microscopic, typical of candidal otitis externa.
4.  An accumulation of a moist white plug dotted with black debris ("wet newspaper") typical of Aspergillus niger.
5.  A maculopapular eruption on conchal bowl and in the ear canal consistent with an allergic reaction to a topical agent (e.g., neomycin).
6.  A thickened, erythematous canal associated with an allergic or contact dermatitis.
7.  Granulation tissue in the canal and on the tympanic membrane caused by chronic infection.

Investigations

Investigations are rarely required for cases of otitis externa. Cultures for bacteria and fungus are indicated in cases of persistent or refractory infection, particularly to identify cases of fungal infection. Special reference must be made to the 
value of sensitivities of the infectious organism to various antibiotics provided by laboratory culture tests. These sensitivity tests are derived by use of expected tissue levels of systemic antibiotics. However, topical preparations provide a 
concentration of antibiotic(s) many times greater than can be obtained by systemic administration. Thus, organisms listed as "resistant" to a particular antibiotic will likely be susceptible to the antibiotic when it is given topically. This is true 
for so called resistant cases of pseudomonas or methicillin-resistant Staphylococcus aureus. Thus, as long as the topical drop can reach the infected site, it is not necessary to resort to systemic antibiotics even in cases of infection by 
"resistant" bacteria.
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Treatment

• Careful debridement of the ear canal in any case of otitis externa is critical to facilitate clearance of the infectious organism and to allow topical medications to reach the target tissue.
• Topical medications will not be able to penetrate an edematous canal, a problem that can be overcome by the insertion of an ear wick. Classically, the physician made these wicks from strands of cotton. However, currently available 
Merocel wicks offer better absorption of the drug and expand when wet to substantially decrease canal edema. Although not popular in North America, good results can also be obtained by packing the ear canal with antibiotic-
impregnated ribbon gauze.[26] 
• Acidification of the ear canal is toxic to many bacterial (including pseudomonas) and fungal species. Thus, topical medications with an acidic pH have been a mainstay of treatment for otitis externa. Such solutions include acetic acid 
solutions (Domeboro, Vosol) and antibiotics in acidic suspensions or solutions (see the following).
• Antibiotic drops continue to be the mainstay of treatment for otitis externa. The ideal drop possess the following properties:

1.  Broad-spectrum coverage for pathogenic bacteria (see Table 132-1 )
2.  An acidic vehicle
3.  No potential for ototoxicity, which is an important property in the case of a perforated tympanic membrane
4.  No potential for allergic reactions
5.  No deposition of precipitate from the drop
6.  Low cost
7.  A steroid to more rapidly decrease edema and, perhaps, more rapidly alleviate pain

Unfortunately, no current drop possesses all these properties. For many years, the mainstay of treatment was a combination solution of polymyxin, neomycin, and hydrocortisone (PMH) (e.g., Cortisporin). This combination is available in 
solution and suspension and is produced by a variety of manufacturers. Polymyxin provides coverage against Pseudomonas, whereas both the polymyxin and neomycin are effective against S. aureus and other gram-negative organisms. 
Because a variety of manufacturers currently produce PMH, the cost and pH of these drops can be variable. A contact dermatitis secondary to neomycin exposure can occur and may result in the misconception that the infection itself is 



persistent. In addition, the hydrocortisone may remain as a precipitate in the canal, obscuring visualization, creating an impression of persistent infection, and even causing a conductive hearing loss if a caste of the precipitate adheres to the 
tympanic membrane. Neomycin is potentially ototoxic, an issue if prolonged use is required in the presence of a perforated tympanic membrane.

Other aminoglycoside antibiotics are available in ophthalmic solutions and can be used for the treatment of otitis externa. Both gentamicin and tobramycin are available in solutions with and without topical steroids. These solutions/
suspensions, which are buffered for ocular use, may be better tolerated than the highly acidic otic solutions/suspensions. Both aminoglycosides are effective against most bacteria causing otitis externa. The main disadvantages of these 
solutions is that they do not reacidify the ear canal, they are dispensed in smaller bottles, they can be expensive, and they are potentially ototoxic if given access to the middle ear.

Quinolone antibiotics are available in both otic and ophthalmic solutions. They offer single-agent coverage for pathogenic bacteria, with virtually no risk of contact dermatitis or ototoxicity. Floxin (ofloxacin) is available for treatment of both 
external and middle ear disease. It has been shown to be as effective as PMH for the treatment of bacterial otitis externa.[16] [28] Its main disadvantages are a relatively neutral pH (6.2–6.8), the absence of a steroid, and expense. Ciprofloxacin is 
available as an otic preparation combined with hydrocortisone and a newer formulation combined with the more potent dexamethasone (Cipro-HC, Cipro Dex). These solutions are acidic and contain a steroid. The hydrocortisone in Cipro-
HC may leave a precipitate in the canal, and both solutions are expensive.

In summary, when considering the choice of antibiotic drops for the treatment of otitis externa, there is currently minimal clinical evidence to support the use of one antibiotic solution over another. In general, the quinolone preparations offer 
somewhat superior bacterial coverage and no risk of contact dermatitis or ototoxicity compared with PMH. However, these benefits come at the expense of increased cost. Oral antibiotics should be reserved for complications of otitis externa 
(see the following). 

• Fungal otitis externa can be treated with meticulous debridement and acidification of the ear. Antifungal solutions or creams (e.g., clotrimazole, nystatin) may prove effective in candidal infections but do not offer coverage against 
aspergillus. Aspergillus infections may prove difficult to treat. Many infections will resolve with frequent debridement and administration of acidic drop (e.g., Vosol, Domeboro). An alternative popular treatment is painting the canal and
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tympanic membrane with dyes that possess antifungal properties (e.g., gentian violet, "triple blue"). Persistent aspergillus infections associated with considerable canal edema may require the administration of oral itraconazole.
• Contact or allergic dermatitis should be treated by elimination of the offending agent, debridement, and the administration of a topical corticosteroid solution/lotion.[33] 
• Chronic granular otitis externa can be a difficult entity to treat. This is most frequently seen in people who are dependent on their hearing aids. Minimizing or alternating hearing aid use is critical to the success of the treatment regimen. 
Culture of the ear for bacteria and fungus may provide evidence of the causative organisms. Repeated debridement, cauterization of the granulations, and filling the canal with topical antibiotic or antifungal creams can be effective. 
Topical gentian violet may also be effective at drying the ear canal and eliminating the chronic infection. Surgical therapy may be required.

Complications

• Cellulitis, perichondritis, or even chondritis may result from otitis externa. In adults, the presence of these complications should prompt the administration of a quinolone antibiotic. In children, in the case of a cellulitis, an oral 
antistaphylococcal drug may be initiated; however, if pseudomonas is detected on ear culture, parenteral administration of antipseudomonal antibiotics is required. For specific treatment of perichondritis and chondritis, see the following.
• Medial canal fibrosis. Chronic otitis externa may result in the formation of a thick fibrous scar that obstructs the medial aspect of the canal ( Figure 132-2 ). [14] Physical examination will reveal what appears to be a lateralized tympanic 
membrane and an absence of typical landmarks. Surgical treatment of this disorder can be challenging. The affected portion of the canal lining is resected, the bony canalplasty is performed, and the canal is relined with split skin grafts. 
In more favorable cases, a space remains between the fibrous scar and the tympanic membrane, thus avoiding the need for tympanoplasty. However, when the tympanic membrane is involved, a total-drum tympanoplasty is required. 
Meticulous technique is required to avoid blunting the anterior tympanic sulcus. Recurrence after surgical treatment is common.
• Tympanic membrane perforation. Aspergillus infection may result in perforation of the tympanic membrane. Elimination of the offending fungus allows for a high rate of spontaneous healing of these perforations. [15] 
• Malignant otitis externa (see the following).

 
Figure 132-2 Chronic external otitis. The hallmarks are atrophy of the skin of the canal and stenosis caused by chronic irritation. This patient was a cotton swab abuser, and debris from the canal with cotton fibers has been pushed medially 
against the tympanic membrane. 

 

Figure 132-3 Malignant otitis externa. A nubbin of granulation tissue sits on the floor of the ear canal at the junction of the bony and cartilaginous portions. 

 

Figure 132-4 Herpes zoster. Note the infectious vesicles with erythematous margins involving the concha, as well as a crusted older lesion over the mastoid. 



 

Figure 132-5 Bullous myringitis. The deep ear canal and tympanic membrane are acutely inflamed. A large bulla is seen over the posterior tympanic membrane. 

 

Figure 132-6 Erysipelas. Note the diffuse erythema and swelling of the auricle and the advancing margin of cellulites involving the face. The line of demarcation between involved and uninvolved areas is clearly defined. 

 

Figure 132-7 Furuncle of the ear canal. The small abscess forms a localized swelling at the entrance of the ear canal. The furuncle is pointing and has begun to rupture. 
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Chapter 133 - CHRONIC OTITIS MEDIA, MASTOIDITIS, AND PETROSITIS

Richard A. Chole 



Holger H. Sudhoff 

INTRODUCTION

Otitis media is the most common disease of childhood, with the exception of viral upper respiratory infections. The acute bacterial infection occurs in 80% of children between the ages of 1 and 6 years, and it is the disease most frequently 
managed with antibiotics in the United States. The infectious and noninfectious complications of otitis media in childhood may result in serious morbidity. Later in life, the infectious complications, including acute and chronic mastoiditis, 
petrositis, and intracranial infection, still occur despite the widespread use of antibiotics for this disease. The noninfectious sequelae, including chronic perforation of the tympanic membrane, ossicular erosion, labyrinthine erosion, and 
tympanosclerosis, are major causes of hearing loss throughout the world.

Furthermore, some cases of acute otitis media (AOM) result in persistent otitis media with effusion (OME), which is now recognized as the leading cause of childhood hearing loss. The exact cause of OME is not clear; however, recent data 
suggest that reflux of gastric juice could be a cause of OME in children.[135] [174] [175] Although eustachian tube dysfunction alone may lead to effusion of the middle ear, there is mounting evidence that most cases of OME occur as a sequela of 
AOM or at least share the same etiologic factors. Specific causes can be identified in many cases of adult-onset otitis media, such as paranasal sinus disease, nasopharyngeal carcinomas and tumors, and postradiation sequelae.

In most children, AOM and OME subside spontaneously or after medical or surgical intervention. It is unknown how many children with OME eventually have complications. Sequelae of otitis media may result in auditory deprivation 
during early childhood or in direct effects of the localized process. Otitis media may be complicated by acute or chronic perforation of the tympanic membrane, acute mastoiditis, middle ear atelectasis, adhesive otitis media, 
tympanosclerosis, ossicular erosion or fixation, petrous apicitis, cholesteatoma, chronic otomastoiditis, labyrinthitis, facial paralysis, and intracranial infection. There also is evidence that sensorineural hearing loss may result from chronic 
otitis media with or without cholesteatoma. Indirect sequelae include language delays and complications from septicemia.

EFFECTS ON MASTOID PNEUMATIZATION

It has been observed that patients with a history of chronic OME have more sclerotic mastoids with decreased pneumatization compared with healthy subjects. Two suggestions have been made to explain this observation: (1) the hereditary 
theory, which states that children with hypoaeration of the mastoid are prone to OME; and (2) the environmental theory, which states that chronic OME results in hypopneumatization of the mastoid.[193] Although measurable correlations 
between mastoid hypocellularity and OME[51] [182] and between the length of mastoid process or the degree of pneumatization and an abnormal eardrum[183] have been proven, a cause-and-effect relationship is not clear. Available evidence 
generally supports the concept that chronic inflammation may lead to new bone formation within the middle ear and mastoid and, subsequently, decreased size of mastoid air cells. Shatz and Sadé[161] measured the distance from the lateral 
sinus to the external auditory canal and found it to be significantly smaller in patients with sclerotic mastoids; they believed that this finding supported the hereditary theory, because it was unlikely that otitis would change the position of the 
lateral sinus. Recently, Hasebe and others[72] carried out a study to establish which type of cholesteatoma is controllable by conservative treatment from the viewpoint of mastoid ventilation. Their clinical observations suggest that 
progressiveness of cholesteatoma is related to the ventilatory conditions in the mastoid rather than eustachian tube function and that conservative
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treatment may be effective when ears with cholesteatoma have aeration in the mastoid.

MIDDLE EAR ATELECTASIS AND ADHESIVE OTITIS MEDIA

Middle ear atelectasis ( Figure 133-1 ) is thought to result mainly from longstanding eustachian tube dysfunction. One of the main functions of the eustachian tube is ventilation. Opening of the eustachian tube allows exchanging of gases and 
equalization between the environment and middle ear. The middle ear gases also are exchanged with the middle ear mucosa. Bilateral diffusion between the middle ear cavity and the blood also may be an important factor in middle ear 
atelectasis, because the gas composition of the middle ear basically resembles that of venous blood and differs from that of air.[153] 

If the atelectasis develops, the tympanic membrane becomes retracted onto the promontory and the ossicles of the middle ear. In atelectatic ears, the middle ear space is partially or completely obliterated, but the tympanic membrane is not 
adherent to the medial wall of the middle ear, and the mucosal lining of the middle ear is intact. In contrast, adhesive otitis media exists when the middle ear space is totally obliterated and when the tympanic membrane is adherent to the 
ossicles and promontory; mucosal surfaces are not present. Retraction of the tympanic membrane may lead to erosion of the long process of the incus and the stapes suprastructure ( Figure 133-2 ). Not all patients with chronic OME have 
atelectasis develop; in most patients with OME, retraction of the tympanic membrane is limited. In patients with bilateral OME, 1.5% of untreated ears and 2% of ears treated with tubes had severe atelectasis develop.[109] It may be that 
repeated bouts of AOM lead to weakening and thinning of the membrane, which allows atelectasis. Sadé 

 
Figure 133-1 Middle ear atelectasis. 

 

Figure 133-2 Middle ear atelectasis with ossicular erosion. 



 

Figure 133-3 The four stages of middle ear atelectasis. (Adapted from Sadé J, Berco E: Ann Otol Rhinol Laryngol 85(Suppl 25):66, 1976.) 

 

Figure 133-4 Primary acquired cholesteatoma. 

 

Figure 133-5 Cholesteatoma developing at the margin of perforation (secondary acquired cholesteatoma). 

 

Figure 133-6 Cholesteatoma behind intact tympanic membrane. 



 

Figure 133-7 Theories of pathogenesis of aural cholesteatoma. 
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theory, he proposed that epithelial cells (prickle cells) of the pars flaccida could invade the subepithelial tissue by means of proliferating columns of epithelial cells. Ruedi[146] supported this hypothesis with clinical and experimental evidence. 
For epithelium to invade into the lamina propria, the basal lamina (basement membrane) should be altered. Basal lamina disruptions now have been documented in human[102] [172] and animal[45] cholesteatomas. Huang and others [77] and Masaki 
and others[108] provided experimental support of this theory by demonstrating that epithelial ingrowth from the tympanic membrane can be induced by instillation of propylene glycol into the middle ear of chinchillas. These basal lamina 
breaks allow the invasion of epithelial cones into the subepithelial connective tissue and the formation of microcholesteatomas. This mechanism may explain some types of human cholesteatomas, even those occurring behind an intact 
tympanic membrane.[168] According to this theory, microcholesteatomas may enlarge and then perforate secondarily through the tympanic membrane, leaving the typical appearance of an attic cholesteatoma. This sequence of events has not 
been documented, although the alternations in the differentiation of keratinocytes and basal cell layer of cholesteatoma matrix have been observed in several studies. Abnormal distribution of epidermal differentiation markers, such as 
filaggrin and involucrin,[166] c-jun and p53 proteins,[162] and increased epidermal growth factor receptor,[24] [170] has been shown in middle ear cholesteatoma matrix. Increased CK 13 and 16, which are differentiation and hyperproliferation markers, 
were also found.[155] Kim and others[91] demonstrated the increased CK 13 and 16 expression in the area of the peripheral area of pars tensa of induced cholesteatoma by ear canal ligation and in the peripheral and central area of pars tensa of 
induced cholesteatoma by eustachian tube obstruction. Parisier and others [133] showed that fibroblasts in the subepithelium of cholesteatomas showed an invasive phenotype, whereas those from postauricular and ear canal skin were either 
weakly invasive or not invasive. In a similar study, Chole and others[37] found that normal fibroblasts and fibroblasts from induced cholesteatomas do not exhibit the invasive phenotype characteristic of a true neoplastic cell.

Other lines of evidence support the basal cell hyperplasia/migration theory. Increased expression of human intercellular adhesion molecule-1 and -2 was demonstrated, which may play a role in cell migration into tissue.[25] The presence of 
heat shock protein 60 and 70 suggested the proliferation and active differentiation of basal keratinocytes associated with cholesteatoma.[163] 

There are some reports that immune response is involved in the hyperproliferative state of cholesteatoma epithelium.[170] [171] Langhan's cells may initiate immune reaction and promote proliferation of keratinizing epithelium by means of 
interleukin-1α (IL-1α).[28] [89] 



Squamous Metaplasia Theory

Wendt[191] theorized that the simple squamous or cuboidal epithelium of the middle ear cleft could undergo a metaplastic transformation into keratinizing epithelium. Sadé[148] [151] supported that theory, noting that epithelial cells are pluripotent 
and can be stimulated by inflammation to become keratinizing. According to this theory, an area of keratinizing epithelium within the middle ear would enlarge because of accumulated debris and contact with the tympanic membrane. With 
intercurrent infection and inflammation, the cholesteatoma would lead to lysis of the tympanic membrane and perforation, resulting in the typical appearance of an attic cholesteatoma. This theory is supported by demonstrating that biopsy 
specimens from the middle ear of children with OME sometimes contain islands of keratinizing epithelium.[149] Some experimental evidence supports the contention that middle ear mucosa can become metaplastic and keratinize. Chole and 
Frush[39] showed that severe vitamin A deficiency leads to the formation of keratinizing epithelium within the middle ear and eustachian tube of rats. None of their experimental animals had cholesteatomas develop. Therefore, there is no 
direct evidence that cholesteatomas arise by squamous metaplasia of the middle ear mucosa.

Clinically, it seems that each of these pathogenic mechanisms accounts for a proportion of acquired cholesteatomas. Regardless of the pathogenesis of aural cholesteatomas, they all share certain properties. Cholesteatomas are prone to 
recurrent infection, and they characteristically erode the bone of the ossicles and the otic capsule. Aural cholesteatomas originating from the vicinity of the tympanic membrane exhibit typical growth patterns into the temporal bone. Because 
most acquired cholesteatomas originate by invagination of the pars flaccida, their growth is limited by the mucosal folds and suspensory ligaments of the ossicles. The pars flaccida may invaginate into the lateralmost portion of the 
epitympanum (Prussak's space) and then into the recesses of the epitympanum posteriorly, lateral to the body of the incus, inferiorly into the middle ear by way of the pouch of von Tröltsch ( Figure 133-8 ), or anteriorly into the 
protympanum ( Figure 133-9 ).[83] [139] [187] 

Complications

The expansion of cholesteatoma may result in the bone erosion of the ossicles, otic capsule, facial nerve canal, tegmen tympani, and tegmen mastoideum. These complications may then cause intracranial
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Figure 133-8 Posterior mesotympanic cholesteatoma. This sac forms because of retraction of the posterior portion of pars tensa and frequently invades sinus tympani and facial recess. Extension to mastoid occurs medial to ossicle heads 
(upper two arrows). (From Jackler RK: Otolaryngol Clin North Am 22:883, 1989.) 

 

Figure 133-9 Anterior epitympanic cholesteatoma. Invagination of epitympanum anterior to malleus head and neck creates a cholesteatoma sac that threatens horizontal facial nerve and geniculate ganglion. Forward extension into supratubal 
recess is common. (From Jackler RK: Otolaryngol Clin North Am 22:883, 1989.) 

 
 



Box 133-1. COMPLICATIONS AND EMERGENCY STATES OF CHRONIC OTITIS MEDIA WITH 
CHOLESTEATOMA

Hearing loss: conductive, sensorineural, mixed type 
 
Labyrinthe fistula: mainly horizontal semicircular canal, rarely cochlea 
 
Facial nerve paralysis: acute or chronic 
 
Intracranial infections 
 
Brain hernia or cerebrospinal fluid leakage 
 

 
 
Because cholesteatomas contain keratin debris enclosed in a tissue space, they are subject to recurrent infection. The bacteria found in infected cholesteatomas are different from those found in AOM or OME. Significant anaerobic bacteria 
are present. The most common aerobic bacteria is Pseudomonas aeruginosa, and the most common anaerobic bacteria is Bacteroides species ( Table 133-1 ).[71] 

Management

Cholesteatomas, whether congenital[138] or acquired, can only be eradicated from the temporal bone by surgical resection. The purpose of surgery is eradication of disease and management of complications and, secondarily, reconstruction of 
the middle ear. The judgment of the operative procedure depends on the nature and extent of disease, the existence of complications, mastoid pneumatization, eustachian tube function, hearing states of both ears, the reliability of the patient, 
and the experience and skill of the surgeon.[74] Surgical approaches include atticotomy, simple mastoidectomy, canal wall-up or canal wall-down procedures, radical mastoidectomy, modified radical mastoidectomy, and Bondy procedure. The 
open (canal wall-down) and the closed (intact canal with facial recess) procedures have advantages and disadvantages ( Table 133-2 ). The reported results of both procedures are variable. Residual disease and recurrent disease are 11% to 
27% and 5% to 13% in those undergoing the closed procedure, whereas residual or recurrent disease occurs in 2% to 10% of those undergoing the open
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procedure.[90] In the cases of labyrinthine fistula, facial nerve paralysis, and intracranial complications, surgery should be performed as soon as possible.

In some patients, a cholesteatoma can be débrided of entrapped keratin by direct removal or by irrigation. In  

TABLE 133-1 -- BACTERIOLOGY OF INFECTED CHOLESTEATOMAS IN 30 CHILDREN AND ADULTS

Bacteria No. of Cases

Aerobes  

Pseudomonas aeruginosa 11

Pseudomonas fluorescens 2

Streptococcus sp. 8

Proteus sp. 4

Escherichia coli 4

Klebsiella-Enterobacter-Serratia sp. 4

Alcaligenes and Achromobacter sp. 3

Staphylococcus epidermidis 2

Staphylococcus aureus 1

CBC group F  

Anaerobes  

Bacteroides sp. 13

Peptococcus and Peptostreptococcus sp. 11

Propionibacterium acnes 8

Fusobacterium sp. 4

Bifidobacterium sp. 3

Clostridium sp. 3



Eubacterium sp. 2

Modified from Harker LA, Koontz FP: The bacteriology of cholesteatomas. In McCabe BF, Sadé J, Abramson M, editors: Cholesteatoma: first international conference, New York, 1977, Aesculapius Publishers.
 
 

TABLE 133-2 -- ADVANTAGES AND DISADVANTAGES OF CANAL WALL-UP AND CANAL-DOWN PROCEDURES IN CHRONIC OTITIS MEDIA WITH CHOLESTEATOMA

Advantages Disadvantages

Canal wall-up  

Physiologic position of tympanic membrane Residual and recurrent cholesteatoma may occur

Enough middle ear space Incomplete exteriorization of facial recess

No mastoid cavity problem Second stage operation often required

Canal-down  

Residual cholesteatoma easily found on follow-up evaluation Mastoid cavity problem often

Recurrent cholesteatoma is rare Middle ear is shallow and difficult to reconstruct

Total exteriorization of facial recess Position of pinna may be altered; second stage operation sometimes required

Modified from Harker LA, Koontz FP: The bacteriology of cholesteatomas. In McCabe BF, Sadé J, Abramson M, editors: Cholesteatoma: first international conference, New York, 1977, Aesculapius Publishers.
 
some cases, surgical intervention is not possible or advisable; the patient may not be medically able to withstand surgery, or the risks of surgery may not outweigh the benefits in some with only-hearing ears. Irrigation with 1:1 distilled white 
vinegar and 70% isopropyl alcohol may keep some cholesteatomas stable if their opening into the ear canal is sufficiently large ( Box 133-2 ). If surgery is required for a cholesteatoma in an only-hearing ear, a careful preoperative evaluation
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and operative planning, perioperative use of antibiotics and steroids, ossicular reconstruction, and postoperative care should be considered.[62] 

 
 

Box 133-2. MANAGEMENT OF CHRONIC OTITIS MEDIA WITH CHOLESTEATOMA

 
Factors for Determination of Treatment 

Extent of diseases 
 
Presence of complications 
 
Hearing states of both ears 
 
Eustachian tube function 
 
Mastoid pneumatization 
 
Patient factors: general medical condition, age, occupation, reliability 
 
Surgeon's skill 
 

 
Conservative Treatment 

Removal of entrapped keratin: direct or saline irrigation 
 
Irrigation with 1:1 distilled white vinegar and 70% isoproplyl alcohol for stabilization 
 

 
Surgical Approach 

Atticotomy: transcanal 
 
Simple mastoidectomy 
 



Canal wall-up procedure (intact wall) with or without facial recess approach 
 
Canal wall-down procedure (canal down): radical or modified radical mastoidectomy, Bondy procedure 
 

 
 
CHRONIC OTITIS MEDIA WITHOUT CHOLESTEATOMA

Acute or recurrent infection of the middle ear may result in a permanent perforation of the tympanic membrane. Ears with chronic perforations without cholesteatomas may be chronically or intermittently infected. Three times as many 
operations were performed in the United States in 1978 for this disease as were performed for cholesteatoma.[145] Paparella and Kim[132] reported that of 375 primary tympanomastoid operations for chronic mastoiditis, two-thirds were performed 
in ears with granulation tissue and without cholesteatoma.

Diagnosis

Tympanic membrane perforation ( Figure 133-10 ) may result from AOM, chronic otitis media, or trauma (injury or surgery). In some instances, a dry, simple 

 
Figure 133-10 Tympanic membrane perforation. 

 

TABLE 133-3 -- PATHOLOGIC FINDINGS IN THE TEMPORAL BONES WITH CHRONIC OTITIS MEDIA

Pathologic Finding Perforated Tympanic Membrane (n = 116) (%) Nonperforated Tympanic Membrane (n = 28) (%)

Granulation tissue 113 (97.4) 27 (96.4)

Ossicular changes 105 (90.5) 27 (96.4)

Tympanosclerosis 23 (19.8) 12 (42.9)

Cholesterol granuloma 14 (12.1) 6 (21.4)

Cholesteatoma 5 (4.3) 10 (35.7)

Modified from da Costa SS and others: Temporal bone histopathology in chronically infected ears with intact and perforated tympanic membranes, Laryngoscope 102:1229, 1992.
 
perforation will result from a single episode of AOM (i.e., necrotizing otitis media). Perforation of the tympanic membrane, especially involving the tympanic annulus, may allow ingrowth of the keratinizing epithelium of the ear canal or 
tympanic membrane, leading to cholesteatoma. An ear with a simple perforation may become infected because of contamination from the ear canal or because of a smoldering infection in the mastoid. A simple perforation commonly is seen 
as a low-frequency conductive hearing loss clinically. This finding is supported by experimental perforation in rats.[17] The tympanic membrane velocity was found to be decreased in the low frequency in a small perforation and in the high 
and low frequencies in a large perforation.[188] 

Pathogenesis

Chronic otomastoiditis without cholesteatoma is marked by the presence of irreversible inflammatory changes within the middle ear and mastoid. The factors that allow acute infections within the middle ear and mastoid to develop into 
chronic infections are not clear. da Costa and colleagues[48] found granulation tissue in 96%, ossicular changes in 96%, tympanosclerosis in 43%, cholesteatoma in 36%, and cholesterol granuloma in 21% of the temporal bones of those with 
chronic otitis media with a perforated tympanic membrane ( Table 133-3 ). Aeration of the middle ear, antrum, and mastoid depends on the free movement of air from the eustachian tube into the mastoid air cells. In the human temporal 
bone, air must travel around the ossicles in the epitympanic space to get into the antrum ( Figure 133-11 ). Proctor[139] demonstrated that the middle ear is separated from the antrum not only by the ossicles but also by mucosal folds. He found 
that there were only two constant openings: (1) between the tendon of the tensor tympani muscle and the stapes; and (2) between the short process of the incus and the stapedial tendon. Hence, edema and inflammation with granulation tissue 
may
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Figure 133-11 Aeration of antrum and mastoid depends on communication around the ossicle within the attic. Obstruction of these narrow openings may result in chronic infection. 



 

Figure 133-12 Multinucleated osteoclasts actively absorbing bone beneath human cholesteatoma in a surgical biopsy specimen. 

 

Figure 133-13 Proposed mechanism of bone erosion in cholesteatoma and chronic otitis media. 

 

Figure 133-14 Tympanic membrane tympanosclerosis. 

 



Figure 133-15 Two possible mechanisms for formation of tympanosclerotic plaques. (Adapted from Hussl B, Lim DJ: In Lim DJ, editor: Recent advances in otitis media with effusion, St Louis, 1984, Mosby.) 

 

Figure 133-16 Tympanosclerosis of the tympanic membrane and the middle ear. 

 

Figure 133-17 Base of skull viewed from above, revealing relationship of petrous apex to foramen magnum (FM) and the rest of the temporal bone (box, enlarged on right). Anterior petrous apex (APA) is truncated pyramid based on 
labyrinth (shaded) and bound by foramen lacerum (FL) anteriorly and inferiorly and inferior petrosal sinus (IPS) posteriorly. If the petrous apex is viewed from above, it can be divided into anterior and posterior sections by a line drawn 
through the internal auditory canal. Anterior petrous apex (APA) is located medial to cochlea and internal auditory canal, and posterior petrous apex (PPA) is medial to semicircular canals. FO, Foramen ovale; FS, foramen spinosum. 
(Modified from Chole RA: Ann Otol Rhinol Laryngol 94:251, 1985.) 

 

TABLE 133-4 -- SYMPTOMS FOUND IN 22 PATIENTS WITH PETROUS APICITIS FROM 1976 TO 1995

Symptom Patients n (%)

Deep pain and headache 13 (59.0)

Otalgia 16 (72.0)

Otorrhea 13 (59.0)

Fever 5 (22.0)

Coma 2 (9.0)

Cranial nerve paralysis  

••Nerve V 15 (68.2)

••Nerve VI 4 (18.2)



••Nerve VII 6 (27.3)

••Nerve VIII 9 (40.9)

••Nerve IX 1 (4.5)

••Nerve X 1 (4.5)

From Chole RA, Gadre AK: Petrous apicitis—symptomatology, pathology, and management [abstract], Skull Base Surgery Symposium, 1995, Sacramento, CA.
 
evaluate normal anatomic variations and to be capable of differentiating diagnosis ( Figure 133-19 ).[122] 

Management

The management of petrous apicitis is directed toward control of the infection. If topical and systemic antibiotic management is inadequate to control the suppuration, a variety of surgical approaches are available. The principal means is 
surgical drainage of the petrous apex approach long air cell tracts through the mastoid and middle ear into the petrous apex. These air cell tracts have been well-defined anatomically.[32] They include the subarcuate and sinodural angle cells 
toward the posterior petrous apex and the peritubal, retrofacial, infralabyrinthine, and infracochlear tracts toward the anterior petrous apex. The anterior apex may be widely exposed through the glenoid fossa with the approach of Ramandier
[141] and Lempert.[99] [100] If adequate air cells cannot be identified through the middle ear and mastoid, the middle cranial fossa approach can be used to enter the roof of the anterior petrous apex.[73] Brackman and Toh[21] found the translabyrinthine 
approach is useful in non-hearing ears. In hearing individuals, anatomy permitting, the transcanal infracochlear approach with stenting was the preferred approach for drainage of petrous apex.

SUMMARY

Otitis media is one of the most common diseases of childhood and the most frequent disease managed with antibiotics in children. The infectious and noninfectious complications of otitis media may result in significant morbidity and 
complications, including acute and chronic mastoiditis, petrositis, and intracranial infection. The noninfectious sequelae, including chronic perforation of the tympanic membrane, ossicular erosion, labyrinthine erosion, and tympanosclerosis, 
are major causes of hearing loss.

Acute or recurrent infection of the middle ear may result in a permanent perforation of the tympanic membrane and irreversible inflammatory changes within the middle ear and mastoid known as chronic otomastoiditis. Chronic otitis media 
may occur in patients who have indwelling tympanostomy tubes. Most chronic otitis media can be managed with topical antibiotics.

Aural cholesteatomas are epidermal inclusion cysts of the middle ear or mastoid and are classified as congenital and acquired. Acquired cholesteatomas are the consequence of OME or AOM or both. There are four basic theories of the 
pathogenesis of acquired aural cholesteatomas, which are supported by clinical and experimental evidence. The diagnosis of aural cholesteatoma is made on otoscopic examination and special imaging procedures, such as high-resolution
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Figure 133-18 Pneumatic anterior and posterior petrous apex in this horizontal temporal bone histopathologic section. Pneumatized anterior and posterior petrous apex is seen. There is large air cell in anterior petrous apex (APA) and air cells 
in posterior petrous apex (PPA). ME, Middle ear; C, carotid artery. (From Chole RA: Ann Otol Rhinol Laryngol 94:251, 1985.) 

 

Figure 133-19 A, Computed tomography (CT) and B, magnetic resonance imaging (MRI) are helpful adjuncts in diagnosis of petrous apicitis. In the CT scan, fluid-filled petrous apex (arrow) can be compared with opposite air-filled apex. 
In the MRI scan, the area of increased signal is present in involved apex (arrow). Amber-colored, fluid-filled cyst was found at surgery. 
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Chapter 134 - COMPLICATIONS OF TEMPORAL BONE INFECTIONS * 



Lee A. Harker 
Clough Shelton 

GENERAL CONSIDERATIONS

Complications of acute and chronic otitis media can cause grave morbidity and even mortality. Even though the incidence and prevalence of these types of complications has dramatically declined, their potential gravity requires physicians to 
have a thorough understanding of the diagnosis and management of each one. Because of the decreased prevalence of these complications and changes in the health care delivery system, many otolaryngologists-in-training today have no 
opportunity to see patients with these problems. This chapter will first provide an overview of the complications of acute and chronic otitis media, including their etiology, pathology, pathophysiology, diagnosis, and treatment. The latter part 
of the chapter presents a review of each complication.

Intracranial and extracranial complications of otitis media can occur in individuals of any age, but they occur much more commonly in children in the first two decades of life. Table 134-1 illustrates the age distribution of extracranial, 
intracranial, and combined complications in a large series of patients from the rural Natal province in South Africa. Nearly 80% of extracranial complications and 70% of intracranial complications occurred in children in their first two 
decades of life. Extracranial complications, led by postauricular abscess, most commonly occurred in children under the age of 6 years.[29] In a series of 93 intracranial and extracranial complications of otitis media that occurred in Turkey 
during the 1990s, 58% were present in patients under the age of 20 years.[25] For unexplained reasons, males are affected nearly twice as often as females.

People who are poor and live in overcrowded surroundings and have poor personal hygiene, poor health, decreased resistance to infection, inadequate health education, and limited access to medical care have the highest incidence of these 
complications. For example, most of the current reports of otogenic brain abscesses come from South Africa and underdeveloped countries. Only an occasional reported series is from North America. Although the number of patients with 
acquired or iatrogenic immunodeficiency has increased, large series of patients with complications of otitis media have not been reported in patients with HIV infection or AIDS or in those receiving immunosuppressive therapy after organ 
transplantation, even though such individuals do have suppurative ear disease.

Box 134-1 shows the classification of extracranial and intracranial complications, and Table 134-2 illustrates the relative frequencies of those complications reported in two recent series. The dominant extracranial complication is 
postauricular abscess, and the dominant intracranial complication is meningitis. Unlike many areas of medicine, the complications tend to occur multiply, especially the intracranial complications, as shown in Table 134-3 and Table 134-4 . 
Although all the complications originate from infection in the pneumatized spaces of the middle ear and mastoid, the mechanisms by which complications occur in acute otitis media differ from those leading to complications in chronic otitis 
media. Therefore, these two entities are discussed separately.

Acute Otitis Media

An estimated 85% of all children experience at least one episode of acute otitis media (AOM), making it the most common bacterial infection of childhood. [5] Predisposing factors include being of a young age or the male sex, receiving bottle 
feedings, and being exposed to a day care environment, crowded living

* Revised and updated with permission from Harker LA: Cranial and intracranial complications of acute and chronic otitis media. In Snow JB, Ballenger JJ, editors: Ballenger's Otorhinolaryngology Head and Neck Surgery, ed 16, Hamilton, Ontario, 2003, BC Dekker, pp 294–316. 
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TABLE 134-1 -- AGE DISTRIBUTION OF 268 PATIENTS WITH COMPLICATIONS OF OTITIS MEDIA BETWEEN JANUARY 1985 AND DECEMBER 1990

 Extracranial, n Intracranial, n Combined, n

Age in Years 87•• 50•• 31••

0–5 33.3 8.0 6.5

6–10 23•• 21.3 19.4

11–20 21.8 39.3 38.7

21–30 9.2 8.6 12.9

31–40 3.4 12.6 9.7

41–50 5.7 6.0 6.5

51–60 3.4 0.6 3.2

>60 0•• 3.3 3.2

(From Singh B, Maharaj TJ: Radical mastoidectomy: its place in otitic intracranial complications, J Laryngol Otol 107:1113–1118, 1993.)
 
conditions, or smoking within the home. Medical conditions such as cleft palate, Down syndrome, and mucous membrane abnormalities such as cystic fibrosis, ciliary dyskinesia, and immunodeficiency states also predispose persons to otitis 
media.

AOM is a bacterial infection of the middle ear space characterized by vascular dilatation and proliferation (manifested externally by tympanic membrane erythema), mucosal edema, exudation, bacterial proliferation, white blood cell 
infiltration, and pus formation. For  

TABLE 134-2 -- DISTRIBUTION OF INTRACRANIAL AND EXTRACRANIAL COMPLICATIONS



 OSMA SINGH

Intracranial Complication n % n %

Meningitis 41 71.9 22 12

Brain abscess 10 17.5 93 51

Epidural abscess 4 7•• 19 10

Lateral sinus thrombosis 1 1.8 36 20

Cerebritis 1 1.8   

Subdural empyema   36 20

 OSMA SINGH

Extracranial Complication n % n %

Mastoid abscess 25 64.1 65 75••

Labyrinthitis 5 12.8 - -••

Facial nerve paralysis 5 12.8 15 14.9

Bezold abscess 4 10.3 5 5.7

Petrous apicitis - •- 2 2.2

(Osma U, Cureoglu S, Hosgoglu S: The complications of chronic otitis media: report of 93 cases, J Laryngol Otol 114:97–100, 2000; and Singh B, Maharaj TJ: Radical mastoidectomy: its place in otitic intracranial complications, J 
Laryngol Otol 107:1113–1118, 1993.)
 
the purposes of this chapter, acute otitis media refers only to an acute infection that arises de novo, from a previously normal middle ear, rather than an acute clinical infection arising in a chronically abnormal middle ear, such as one with 
longstanding otitis media with effusion. This distinction is important because the pathophysiology of the otitis and the development of complications are different in acute vs chronic otitis media. AOM may resolve completely and 
spontaneously with or without treatment or it

3015

 
TABLE 134-3 -- INTRACRANIAL COMPLICATION IN 181 PATIENTS WITH OTITIS

Complication n Number with Associated Complications AC%

Meningitis 22 4 18.2

Brain abscess 93 15 16.1

Subdural empyema 36 12 33.3

Epidural abscess 19 14 73.7

Lateral sinus thrombosis 36 10 27.8

AC%, percentage of patients with each complication who also had additional complication(s).

(Adapted from Singh B, Maharaj TJ: Radical mastoidectomy: its place in otitic intracranial complications, J Laryngol Otol 107:1113–1118, 1993.)
 
may cause a complication while remaining in its acute stage. Conversely, it can persist into a subacute or chronic state. Factors that favor the acute infection progressing to a subacute or chronic version of otitis media include organism 
virulence, decreased host resistance (because of the factors named previously), and inadequate or inappropriate antibiotic therapy.

 
 

Box 134-1. CLASSIFICATION OF COMPLICATIONS OF ACUTE AND CHRONIC OTITIS MEDIA

 
Extracranial 

Acute mastoiditis 
 
Coalescent mastoiditis 
 
Chronic mastoiditis 
 
Masked mastoiditis 



 
Postauricular abscess 
 
Bezold abscess 
 
Temporal abscess 
 
Petrous apicitis 
 
Labyrinthine fistula 
 
Facial nerve paralysis 
 
Acute suppurative labyrinthitis 
 
Encephalocele and CSF leakage 
 

 
Intracranial 

Meningitis 
 
Brain abscess 
 
Subdural empyema 
 
Epidural abscess 
 
Lateral sinus thrombosis 
 
Otitic hydrocephalus 
 

 
(From Harker LA: Cranial and intracranial complications of acute and chronic otitis media. In Snow JB, Ballenger 
JJ, editors: Ballenger's Otorhinolaryngology Head and Neck Surgery, ed 16, Hamilton, Ontario, 2003, BC Dekker.)

 
 
After the first few weeks of life, acute suppurative otitis media is caused primarily by three organisms: Streptococcus pneumoniae, Haemophilus influenzae, and Branhamella catarrhalis, composing roughly 30%, 20%, and 10% of isolates, 
respectively.[5] Optimal treatment for acute suppurative otitis media with complications includes appropriate antibiotic treatment of the underlying infection for 10 days in addition to tympanocentesis, or myringotomy and placement of a 
ventilating tube. Tympanocentesis is used primarily to obtain material for culture and sensitivity to identify the offending organism, but it can also somewhat reduce the bacterial population. Doing a myringotomy and tube placement will 
also provide  

TABLE 134-4 -- INTERRELATIONSHIP OF INTRACRANIAL COMPLICATIONS

Complication n Meningitis Brain Abscess Epidural Abscess Subdural Empyema Lateral Sinus Thrombosis

Meningitis 22 - - 2 - 1

Brain abscess 93 - - 3 9 3

Subdural empyema 36 - 9 2 - 1

Epidural abscess 19 2 3 - 2 5

Lateral sinus thrombosis 36 1 3 5 1 -

(From Singh B, Maharaj TJ: Radical mastoidectomy: its place in otitic intracranial complications, J Laryngol Otol 107:1113–1118, 1993.)
 
the physician with material to identify the involved organism, while simultaneously allowing the physician to remove most of the bacteria from the middle ear space and to introduce topical antibiotic therapy. After treatment, the physician 
should document that the AOM has completely resolved by tympanometry and otoscopy if the tympanic membrane is intact, and otoscopy if a ventilating tube is in place. If the complication was intracranial, a computed tomography (CT) 
scan or a magnetic resonance image (MRI) should be obtained.

Chronic Otitis Media

Whereas AOM is primarily a middle ear infection that extends into the contiguous mastoid, chronic otitis media (COM) often displays a dominant mastoid infection with concurrent otitis media. In the mastoid, infection persists in the 



numerous small air cells as easily or more easily than it does in the relatively large single cell of the middle ear. COM is present when an infectious process persists for longer than the 1 to 3 weeks usually necessary for resolving AOM in a 
previously healthy ear. COM can occur with either a cholesteatoma, or without one when there is a tympanic membrane perforation. A third type of COM is emerging, especially in young children who develop persistent otorrhea with a 
patent middle ear ventilating tube.

If the infection in the middle ear and mastoid does not resolve, mucosal edema and exudation increase and the mucous glands and secretory elements proliferate. Mucosal edema in the small spaces between the middle ear and the 
epitympanum and in the aditus between the epitympanum and mastoid antrum block the normal pathways for aeration and decrease both oxygenation and vascularity. At the same time, the blockage prevents topical antibiotic and 
antiinflammatory agents from reaching the attic and mastoid. Radiographically, the mastoid air cell system is partly or completely opaque, reflecting the loss of aeration.
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These changes are accompanied by a dramatic change in the bacteriology of COM and mastoiditis compared with acute conditions. Harker and Koontz[9] took cultures of 30 cholesteatomas at surgery and isolated at least one anaerobic 
organism in 67% of the cases, at least one aerobic organism in 70%, and both aerobes and anaerobes in 50%. In 57% of the cholesteatomas, multiple organisms were cultured, and in 30% five or more bacteria were identified. Even when 
there was no clinical infection, anaerobic organisms such as Propionibacterium acnes, were frequently isolated. Significantly, the study showed that an ear with a cholesteatoma is highly likely to harbor multiple bacteria of both anaerobic 
and aerobic types. Multiple organisms and anaerobic bacteria have also been frequently identified in COM without cholesteatoma.

COM that develops in patients with indwelling middle ear ventilating tubes has a different bacterial flora. In most instances, these cases begin during an upper respiratory infection, or when the external auditory canal is contaminated with 
water. A series of events, including treatment with antibiotic drops, treatment with oral antibiotics, repeated contamination, repeated culture and sensitivity tests, increasing patient and physician frustration, decreasing patient compliance, and 
fungal overgrowth frequently results in resistant organisms developing. The resistant bacteria most often found are Pseudomonas aeruginosa, Achromobacter xylosoxidans, and even methicillin-resistant Staphylococcus aureus. It is also 
common to have a clinically significant fungal infection of both the external auditory canal and the middle ear and mastoid. Although the authors have not seen extracranial and intracranial complications from this type of infection, the 
presence of granulation tissue noted at surgery suggests that possibility.

Patients with intracranial or multiple complications often appear more systemically ill than patients with otitis alone. They can present with toxicity or with obtundation, manifesting depressed levels of consciousness that can vary from 
lethargy to total unresponsiveness. Focal neurologic signs may be absent, subtle, or florid. The physical examination of the ear itself usually does little to pinpoint a specific complication unless there is an obvious postauricular, cervical, or 
temporal abscess.

PATHOPHYSIOLOGY

Sometimes, a complication occurs during the first few days of an episode of AOM. This can result from bacteremia accompanying AOM initiating a hematogenous complication like meningitis. Or, the bacteria proliferating in the middle ear 
can gain access to adjacent or distant structures and continue the infection at the new location. A patient may develop partial or complete facial paralysis if he or she has a congenital dehiscence of the bony fallopian canal above the stapes. If 
there are preformed pathways leading to the meninges or the labyrinth, patients with AOM are at risk to develop meningitis, subdural effusion, or suppurative labyrinthitis. Developmental labyrinthine abnormalities like enlarged vestibular 
aqueducts or the Mondini deformity often have such pathways. In older children and adults, bacteria can propagate along preformed pathways left from previous surgery or temporal bone fractures. But with AOM, there is no granulation 
tissue formation or bone destruction; complications develop by hematogenous dissemination or by direct extension of infection along preformed pathways. Accordingly, the usual medical treatment of the AOM will resolve the otitis portion, 
and mastoidectomy is not necessary. Therefore, it is critical to know whether the middle ear was normal before the current bout of otitis media began.

In COM and mastoiditis, complications are always associated with some combination of bone destruction, granulation tissue formation, or the presence of cholesteatoma. Bacteria gain access to the involved structures most commonly by 
direct extension from mastoid infection and by infecting and propagating along veins leading from the mastoid to adjacent structures. Direct extension can come about as a result of bone resorption from cholesteatoma or osteitis, or it can 
occur without bone erosion if the patient has preformed pathways from previous mastoid surgery, temporal bone fracture, congenital dehiscences, or other conditions that removed the intervening bone. The mechanisms by which bone is 
actively resorbed, although incompletely understood, probably include enzymatic degradation, suppuration, and decreased blood supply.

DIAGNOSIS

History

Because a thorough understanding of the chronology of the events is critical to determining the pathophysiology, the clinician must obtain a complete history of the present illness. The clinician must establish when the patient's ear was last 
free of disease and perfectly normal to differentiate AOM from COM because the bacteriology, medical treatment, and most probable complications are different for each. To make an accurate diagnosis, the clinician needs answers to 
questions such as the following: (1) When did a physician last examine the involved ear? (2) What is the past history and treatment of the patient's otitis media? (3) Did the patient use an antibiotic for otitis media in the involved ear in the 
past month? (4) What was the order of appearance and the magnitude of the different
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symptoms that compose the present problem? Finally, the physician must obtain any objective evidence that the ear was normal recently (e.g., tympanogram, radiographic study that included the ears). The physician must gather from the 
patient, a knowledgeable accompanying person, or the doctor's offices and hospitals pertinent information about the involved ear including previous diagnoses, all operations, and recent medical and surgical treatments.

Symptoms of AOM include pain, fever, and fussiness, but otorrhea is relatively uncommon. The cardinal symptom of COM is painless purulent drainage. Changes in the drainage can suggest the possibility of a complication. The cessation of 
drainage with the onset of pain suggests the presence of aditus or epitympanic block with increased pressure within the mastoid. The onset of the imbalance or vertigo at the same time suggests the possibility of imminent labyrinthitis.

Intracranial complications, most notably meningitis, intraparenchymal brain abscess, and subdural empyema, can alter the patient's level of consciousness. Fifteen percent of Singh's[29] patients were drowsy on admission, 18% were stuporous, 
and 2% presented in a comatose state. Establishing the chronology of this alteration of sensorium will help the physician differentiate among diagnoses of brain abscess, meningitis, and subdural empyema. A brain abscess takes weeks to 
develop, whereas it takes only a few hours to several days for meningitis and subdural empyema to become fulminant and progress to coma.



In eliciting the patient's past history, social history, family history, and review of systems, the clinician should gather not only information relevant to the present illness, but also all the information the anesthesiologist needs to evaluate a 
patient for a surgical procedure under general anesthesia.

Physical Examination

The vital signs, especially the temperature, provide a pretreatment baseline and one parameter for following the course of the disease and the treatment; however, if the patient has previously received oral or parenteral antibiotics, he or she 
may present without a fever. Even though some patients with extracranial or even intracranial complications remain afebrile during the entire course of their illnesses, in other patients the temperature curve can provide useful information 
(see section entitled "Lateral Sinus Thrombosis").

A complete neurologic examination is essential. The clinician should make a thorough mental assessment of the patient and note any alteration in mental state. Then, he or she should evaluate the station and gait and perform the Romberg 
and sharpened Romberg tests. The motor and sensory function of the extremities should be evaluated, and a complete cranial nerve evaluation should be performed, including an assessment of vision, extraocular muscle function, facial nerve 
function, and facial sensation. The clinician should note whether there is any nystagmus, either in the straight-ahead cardinal position or with the eyes deviated 30 degrees to the left or to the right. He or she should evaluate cerebellar 
function by checking the alternate motion rate of the extremities, determining whether past pointing is present or absent, and performing the finger-to-nose test. Ocular saccades and smooth pursuit should be assessed. It is critical to 
determine whether nuchal rigidity is present, and if so, Kernig's and Brudzinski's tests must be performed. The optic discs should be observed with an ophthalmoscope to determine whether papilledema is present. All positive and negative 
findings should be transcribed so there is a written record of the patient's status at a specific time to compare with any subsequent changes. Changes in the patient's symptoms and the physical signs provide valuable information for 
understanding the evolving pathophysiology and determining the appropriate treatment.

The otologic examination should begin with an assessment of the color, size, shape, and position of the pinna compared with the opposite side. The clinician should make note of any erythema, tenderness, or drainage, as well as any evidence 
of trauma, excoriation, or protrusion outward or downward. Next, he or she should observe the regions adjacent to the auricle and note any swelling, erythema, tenderness, purulent drainage, or fluctuance.

The external auditory canal and tympanic membrane should be examined using a microscope and fine suction. If purulent secretions are present, a culture test should be performed. The clinician should document the presence of any edema 
and whether it primarily affects the posterior superior bony canal wall or the entire canal circumference. A drawing of the tympanic membrane should be made, illustrating any perforation, granulation tissue, or epithelial debris and any 
erosion of the scutum. Pneumatic otoscopy should be performed, with the aim of looking for conjugate deviation of the eyes that would suggest the presence of a labyrinthine fistula. The clinician should generate a clinical impression as to 
whether the patient has AOM, COM with perforation, or a cholesteatoma before obtaining any imaging studies.

The tympanic membrane can appear normal or near normal even when an otologic complication is suspected because it only reflects the status of the middle ear medial to it. Whereas mastoid infection always begins with a middle ear 
infection, suppuration
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in these two locations can proceed differently, in that the middle ear may revert to normal or near normal under treatment while the mastoid may not. Especially in the presence of an aditus block, the middle ear can appear nearly or 
completely normal after several courses of antibiotics while symptoms from the mastoid persist (see section entitled "Masked Mastoiditis"). When evaluating a patient with any infectious condition that could be caused by acute or chronic 
otitis, the clinician should order a CT scan to rule out chronic otitis as the cause, even if the tympanic membrane appears normal and there is no history of ear disease.

Laboratory Examination

The complete blood cell count will document the patient's relative degree of leukocytosis and ensure that his or her hemoglobin and hematocrit levels are adequate for safe general anesthesia. The individual health needs of the patient and the 
necessity for a general anesthetic will determine the need for any other hematologic studies.

Imaging Techniques

CT scanning is essential for all patients suspected of having complications of otitis media. The CT scan is a fast and reliable method for assessing the status of the middle ear and the mastoid air cell system and diagnosing intracranial 
complications of otitis media.[4] [16] It is unparalleled for showing the bony details of the middle ear, epitympanic, and mastoid structures and for documenting the degree to which the normally aerated pneumatized spaces are opacified by any 
inflammatory process. It clearly shows any progressive demineralization and loss of the bony septae of air cells in coalescent mastoiditis, and it reveals erosion of the bony plates covering the sigmoid sinus, cerebellum, or tegmen of the 
middle ear and mastoid, even erosions of the bony labyrinth itself. CT scans must include views taken in an algorithm to assess soft tissue changes, and wide ("bone") algorithm views to evaluate bone erosion. We have found that 1-mm 
contiguous slices through the temporal bone in axial and coronal planes that are filmed at 4000 window width provide optimal bony detail. Setting the window width at too low a value tends to obscure this detail.

CT scans can help to establish the specific primary otologic diagnosis (e.g., AOM, COM, cholesteatoma) as well as several of the specific cranial and intracranial complications of otitis media. In addition to their diagnostic value, CT scans 
are useful in assessing the results of therapy and provide a baseline posttreatment study of the mastoid for comparison in case of further complications.

When the patient is somnolent or unstable and when intracranial complications are suspected, CT scanning may be the study of choice because it is fast and gives the health care team better access to the patient during the study than does 
MRI. Even without enhancement, CT scanning can be an adequate diagnostic tool for a febrile, stuporous patient with meningeal irritation when ruling out the presence of an intraparenchymal brain abscess or communicating hydrocephalus 
before performing lumbar puncture to establish the diagnosis of meningitis. However, intravenous injection of an iodinated contrast agent is essential when using CT to diagnose cerebritis, cerebral abscess, subdural empyema, and 
ventriculitis.

MRI is a far more sensitive imaging technique than CT scanning for diagnosing intracranial complications because paramagnetic contrast agents such as gadolinium-DTPA (pentetic acid) cross the blood-brain barrier in areas of cerebritis or 
abscess. Meningeal enhancement is much more easily seen with MRI than with CT scanning in which the adjacent bony skull often obscures the meninges. The T2-weighted images of an MRI can demonstrate intraparenchymal edema from 
subtle brain infection much earlier than can a CT scan. When otitic complications are suspected, the clinician usually obtains both CT and MRI scans if the patient's condition allows because much of the information from the two studies is 
complimentary.



Fibrous tissue in the mastoid that is a result of previous (nonactive) COM or prior surgery will enhance on MRI and may be misinterpreted by the radiologist as "mastoiditis." In such cases, the enhancement reflects the increased vascularity 
of this fibrous tissue and is analogous to the routine observation of enhancement of the nasal turbinates (also vascular) with the administration of gadolinium. It is fundamentally important to correlate the imaging results with the clinical 
evaluation.

Lumbar Puncture

To determine the presence of meningitis, the physician must perform a lumbar puncture and measure the patient's cerebrospinal fluid (CSF) pressure at the beginning and the end of the procedure and must examine the CSF sample for the 
presence of bacteria on direct smear and the concentrations of sugar, chloride, and protein in comparison to their concentrations in serum. Lumbar puncture should be undertaken only after ophthalmoscopic examination and CT scan have 
ruled out significantly increased intracranial pressure that could result in herniation of the cerebellar tonsils during or after the procedure. Lumbar puncture is contraindicated in the presence of brain abscess and subdural empyema.
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TREATMENT

Although each complication has its own separate treatment, there are certain general management principles for treating the underlying otitis. For each patient, the treatment of the underlying acute or chronic otitis and the treatment of any 
complications can be medical or surgical and can be administered sequentially or concurrently. In nearly all instances of complications resulting from AOM, appropriate antibiotic therapy will be sufficient to resolve the otitis without any 
need for surgery. This will usually include aspiration by tympanocentesis or myringotomy, as previously discussed.

When complications have resulted from COM and mastoiditis, initial antibiotic therapy should involve broad-spectrum antibiotics effective against anaerobic as well as aerobic organisms. In all of these cases, some form of mastoidectomy 
will be required. When surgery is necessary for intracranial complications, the neurosurgeon operates first, immediately followed by the otologist; a mastoidectomy is performed at the same sitting if the patient's condition permits. In most 
instances (except for brain abscess and subdural empyema), both the COM and its complications are treated entirely through the mastoid. When both neurosurgery and otologic surgery are necessary, the surgeons must carefully and 
methodically plan and coordinate the order of the procedures, patient preparation, draping, and incisions to decrease the duration of general anesthesia and to optimize the chances of a safe and effective surgery.

Performing a mastoidectomy under these circumstances is difficult because vascularity is increased and landmarks are more obscured. The following general principles are helpful guidelines. After removal of the mastoid cortex, complete all 
bony dissection using diamond instead of cutting burrs and use copious suction/irrigation. This will minimize the chance of inadvertent trauma to important underlying structures. If preoperative scanning identified the sites of the 
complications, complete the surgery in the portions of the mastoid away from the complication sites first. This will improve hemostasis and visibility. When no cholesteatoma is associated with the mastoiditis, leave the external auditory 
canal wall intact unless visibility is inadequate. Remove the canal wall and perform an open cavity procedure in the presence of cholesteatoma.[29] 

The second author (CS) does not routinely perform canal-wall-down procedures in this situation. Typically, these cases are operated as a canal-wall-up procedure, the cholesteatoma is debulked, and the infection is cleared. Several months 
later, after the inflammation has resolved, the residual cholesteatoma is removed at definitive surgery. By allowing resolution of granulation tissue and inflammation, much more accurate cholesteatoma removal can be accomplished. In many 
of these cases, a second-stage operation (third procedure) is later required.

The rate of mortality in these cases correlates most with the patient's level of consciousness on admission. In the South African series, mortality was 1% when patients were fully conscious, 7% when patients were in a drowsy state, 30% 
when stuporous, and 67% when comatose.[29] The complications most likely to be lethal are brain abscess, meningitis, and subdural empyema.

Postoperative follow-up is an essential part of the general treatment of patients who experienced life-threatening complications of acute or chronic otitis. Even when the patient responded perfectly, the surgeon should seriously consider 
follow-up CT scan to objectively confirm the status of the mastoid at the termination of treatment because there is a risk of recurrence or emergence of new intracranial complications. In patients who have experienced lateral sinus 
thrombosis, epidural abscess, subdural empyema, or brain abscess, follow-up evaluation with enhanced MRI 2 to 4 weeks after treatment is recommended.

Extracranial (Intratemporal) Complications

Acute Mastoiditis

Acute mastoiditis can develop when AOM fails to resolve. According to Luntz and colleagues,[19] acute mastoiditis exists when there are signs of AOM on otoscopy and local inflammatory findings over the mastoid process (e.g., pain, 
erythema, tenderness, auricular protrusion) or when the mastoid inflammatory changes coexist with roentgenographic or surgical findings of mastoiditis with or without evidence of AOM. Others insist on the concomitant presence of AOM, 
mastoid physical findings, and radiologic findings.[17] 

Luntz[19] reported results of a multicenter retrospective study of 223 such patients that provided valuable insight into the process. Twenty-eight percent of patients were under the age of 1 year at diagnosis, 38% were between 1 and 4 years of 
age, and 21% were between the ages of 4 and 8 years. Although one-third of patients experienced signs and symptoms of AOM immediately preceding the mastoiditis, two-thirds did not. Thirty percent of the patients had a history of 
recurrent AOM, and 5% (all of whom had recurrent AOM) had a prior episode of acute mastoiditis.

One-third of the patients exhibited symptoms for 48 hours or less before diagnosis, and another third had symptoms for 2 to 6 days before presenting with acute mastoiditis. Spontaneous tympanic membrane perforation occurred in less than 
one-fourth of patients; the tympanic membrane was bulging or erythematous
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in two-thirds. Twenty-two percent of the patients presented with complications on admission, the most common of which was subperiosteal abscess, followed by meningoencephalitis, and an occasional case of facial paralysis, labyrinthitis, 
or a central nervous system complication.

Despite parenteral antibiotics, 8% of the patients who had been free of complications on admission developed complications of acute mastoiditis during hospitalization. Again, the most common was subperiosteal abscess, but three patients 



developed intracranial complications and two developed facial paralysis while receiving parenteral antibiotics. One-third of patients required surgery because they had extracranial or intracranial complications on admission, failed to exhibit 
satisfactory clinical improvement, or developed complications despite adequate antibiotic treatment during hospitalization.

Bak-Pedersen and Ostri[1] reviewed the records of 79 Danish patients who underwent acute cortical mastoidectomy for acute mastoiditis between 1977 and 1997. All patients had erythema and swelling and pain over the mastoid associated 
with a current or recent episode of AOM that did not improve after 24 to 48 hours of intravenous antibiotics. Patients admitted with intracranial complications of mastoiditis were excluded. The average age in their series was 16 months, and 
the average duration from the onset of disease (AOM) until admission for acute mastoiditis was 9 days. Only one-third of the patients exhibited an asymptomatic interval between their AOM symptoms and the mastoiditis.

Both of these studies established that acute mastoiditis is a disease of the very young, and they dispel the classic notion that acute mastoiditis develops only after an asymptomatic period of 3 to 4 weeks.

Van Zuijlen and colleagues[32] pointed out another interesting feature of acute mastoiditis. In countries such as the Netherlands, where it is unusual to prescribe antibiotics as first-line treatment for AOM, the incidence of acute mastoiditis is 
considerably higher than in countries where antibiotics are routinely prescribed for AOM. The lower overall cost and decreased incidence of allergic reactions to antibiotics resulting from withholding antibiotics in routine cases of AOM 
must be weighed against the increased likelihood of mastoiditis and other complications.

Coalescent Mastoiditis

Etiology.

Sometimes, when a patient has AOM and mastoiditis that persist unabated for 2 to 4 weeks, coalescent mastoiditis develops. This is an acute progressive clinical infection with corresponding changes in the bone and mucoperiosteum of the 
mastoid air cell system. Coalescent mastoiditis is a disease of the young, especially of boys. Most patients are 4 years old or younger when they contract this disease. Bacterial virulence and decreased host resistance are important in its 
etiology, but mastoid development also plays a role. The condition rarely develops in children who have had chronic ear disease or in those with poorly pneumatized mastoids containing few air cells. Rather, it tends to occur in patients with 
well-developed air cell systems that contain numerous small pneumatic spaces and in those who have had little or no previous otologic disease.

Pathology.

Initially, hyperemia and edema of the mucoperiosteal lining of the mastoid air cells block the narrow aditus and disrupt aeration. The mucous membrane thickens, and impaired ciliary function prevents normal middle ear drainage through the 
eustachian tube. The serous exudate becomes purulent as inflammatory cells accumulate. Continued inflammation, hyperemia, and accumulation of purulent debris result in venous stasis, localized acidosis, and decalcification of the bony 
septae. The osteoclastic activity in the inflamed periosteum softens and decalcifies the bony partitions, causing the small air cells to coalesce into a larger cavity.[3] 

Pathophysiology.

As the infection grows, pressure within the mastoid cavity increases, and conditions become progressively more favorable for the infection to extend beyond the confines of the mastoid. In the presence of intense inflammation and infection, 
phlebitis and periphlebitis are common and spread the infection to the adjacent meninges, sigmoid sinus, cerebellum, and the temporal lobe.[24] The infection sometimes extends directly to the meninges, sigmoid sinus, labyrinth, or facial nerve 
because of bone erosion. The most common pathway for infection to extend beyond the mastoid is through the lateral cortex behind the ear. Less commonly, it can extend to the soft tissues in the upper portion of the neck (see section entitled 
"Bezold Abscess") and, rarely, to the soft tissue anterior and superior to the auricle either by direct extension through eroded bone or by phlebitis and periphlebitis. Go and colleagues[7] reviewed the records of 118 children with acute 
mastoiditis at Texas Children's Hospital between 1986 and 1998 and found only eight patients in whom the mastoiditis had caused an intracranial complication.

Diagnosis.

The symptoms of coalescent mastoiditis (purulent otorrhea, fever, toxicity, and ear pain) are the same as those seen in patients with uncomplicated AOM. The strongest historical suggestion of coalescent mastoiditis is the chronology of the 
infection in which purulent drainage or significant otalgia persists
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for 2 or more weeks, recurs after 10 to 14 days, or significantly worsens after that time interval. As a group, children with coalescent mastoiditis look sicker and have more toxicity with higher-temperature and more persistent fevers than 
those with AOM. Older children may be able to localize the pain to the postauricular area rather than the ear canal. Physical findings that are most helpful include mastoid tenderness to percussion, mastoid erythema, and sagging of the 
posterior superior external auditory canal wall.

The clinician should order a complete blood count and hematologic studies followed by CT scanning, which can establish the diagnosis by documenting the breakdown of the bony cell walls and opacification of the pneumatized spaces 
( Figure 134-1 ). If any suggestion of an intracranial complication exists, the clinician should obtain an enhanced MRI scan.

Treatment.

The treatment for coalescent mastoiditis can be either medical or surgical. Without question, complete mastoidectomy with ventilating tube placement in conjunction with appropriate antibiotic therapy provides prompt, precise eradication of 
all infected tissue in an expeditious and cost-effective manner. This is the most conservative management of this potentially serious complication. However, 

 
Figure 134-1 Axial temporal bone CT showing loss of mastoid air cell trebeculations (arrows) consistent with coalescent mastoiditis. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems 
[AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 



 

Figure 134-2 Postauricular abscess associated with coalescent mastoiditis. Auricle is displaced laterally and inferiorly. (From Harker LA: Cranial and intracranial complications of acute and chronic otitis media. In Snow JB, Ballenger JJ, 
editors: Ballenger's Otorhinolaryngology Head and Neck Surgery, ed 16, Hamilton, Ontario, 2003, BC Dekker.) 

 

Figure 134-3 Postauricular abscess (arrow) seen on CT scan with adjacent soft tissue swelling. Opacification of the mastoid air cells, also seen on this scan, is consistent with mastoiditis. (Image used by permission from Head and Neck 
Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 

 

Figure 134-4 Arrow points to postauricular abscess in another view of the same patient as in Figure 134-3 . There is gas in the abscess cavity on this slice. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging 
Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 

 

Figure 134-5 CT scan showing Bezold's abscess. Notice swelling (arrows) adjacent to the mastoid tip on the left. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt 
Lake City, UT. Accessed January, 2003.) 



 

Figure 134-6 Multilocular abscess cavities shown (arrows) inferior to the mastoid tip. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed 
January, 2003.) 

 

Figure 134-7 Petrous apex pneumatization via supralabyrinthine cell tract at level of vestibule (A) and posterior semicircular canal (B). (From Harker LA: Cranial and intracranial complications of acute and chronic otitis media. In Snow 
JB, Ballenger JJ, editors: Ballenger's Otorhinolaryngology Head and Neck Surgery, ed 16, Hamilton, Ontario, 2003, BC Dekker.) 

 

Figure 134-8 Petrous apex pneumatization via retrolabyrinthine cell tract at two levels of internal auditory canal and vestibule. (From Harker LA: Cranial and intracranial complications of acute and chronic otitis media. In Snow JB, 
Ballenger JJ, editors: Ballenger's Otorhinolaryngology Head and Neck Surgery, ed 16, Hamilton, Ontario, 2003, BC Dekker.) 

 

Figure 134-9 Petrous apex pneumatization via infralabyrinthine cell tract in right temporal bone at level of internal auditory canal. (From Harker LA: Cranial and intracranial complications of acute and chronic otitis media. In Snow JB, 
Ballenger JJ, editors: Ballenger's Otorhinolaryngology Head and Neck Surgery, ed 16, Hamilton, Ontario, 2003, BC Dekker.) 



 

Figure 134-10 Contrast CT scan showing petrous apicitis. Arrows show opacification of petrous apex air cells. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake 
City, UT. Accessed January, 2003.) 

 

Figure 134-11 Temporal bone axial CT scan showing erosion of the petrous apex from petrous apicitis. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, 
UT. Accessed January, 2003.) 

 

Figure 134-12 The petrous apex erosion is clearly seen on this axial temporal bone CT scan. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed 
January, 2003.) 

 

Figure 134-13 Fistula of the right lateral semicircular canal (arrow) seen on axial temporal bone CT. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. 
Accessed January, 2003.) 



 

Figure 134-14 Coronal CT scan showing fistula (arrow) of lateral semicircular canal from cholesteatoma. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, 
UT. Accessed January, 2003.) 

 

Figure 134-15 Coronal CT scan demonstrating involvement of tympanic facial nerve (arrow) from cholesteatoma (arrowheads) causing lateral semicircular canal fistula. (Image used by permission from Head and Neck Archive, Advanced 
Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 

 

Figure 134-16 Patient with progressive left-sided facial paralysis and involvement of geniculate ganglion by granulation tissue not associated with cholesteatoma. (Image used by permission from Head and Neck Archive, Advanced Medical 
Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 

 

Figure 134-17 Coronal CT scan showing epitympanic mass (arrowheads) involving facial nerve geniculate ganglion area (arrow) causing facial paralysis in a case of chronic otitis media. (Image used by permission from Head and Neck 
Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 



 

Figure 134-18 Enhanced axial MRI scan of a patient with acute otitis media and suppurative labyrinthitis. Notice the fluid in the middle ear and mastoid air cells. There is also enhancement of the cochlea (arrow), labyrinth, and internal 
auditory canal. This patient did not develop meningitis. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 

 

Figure 134-19 Coronal CT scan showing encephalocele (arrows) arising from the tegmen mastoideum. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, 
UT. Accessed January, 2003.) 

 

Figure 134-20 Intracranial air (arrow) seen on this head CT caused by leakage through the mastoid encephalocele. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt 
Lake City, UT. Accessed January, 2003.) 

 

Figure 134-21 Enhanced coronal MRI showing dural enhancement (arrowheads) caused by otogenic meningitis. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt 
Lake City, UT. Accessed January, 2003.) 



 

Figure 134-22 Axial T2-weighted MRI scan showing left mastoiditis (arrow) as high signal in mastoid air cells. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake 
City, UT. Accessed January, 2003.) 

 

Figure 134-23 Axial T2-weighted MRI superior to Figure 134-22 showing left temporal lobe abscess (arrow) with fluid-fluid level indicating a hemorrhagic component. (Image used by permission from Head and Neck Archive, Advanced 
Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 

 

Figure 134-24 Coronal T1-enhanced MRI shows enhancing tissue in middle ear with dural enhancement above tegmen. A temporal lobe abscess is visible just above the tegmen. (Image used by permission from Head and Neck Archive, 
Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 

 

Figure 134-25 Sigmoid sinus thrombosis (arrow) adjacent to mastoiditis seen on axial MRI scan. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. 
Accessed January, 2003.) 



 

Figure 134-26 Sigmoid sinus thrombosis (arrow). (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, UT. Accessed January, 2003.) 

 

Figure 134-27 Magnetic resonance venogram showing occlusion of left transverse-sigmoid sinus system. (Image used by permission from Head and Neck Archive, Advanced Medical Imaging Reference Systems [AMIRSYS], Salt Lake City, 
UT. Accessed January, 2003.) 
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Chapter 135 - INFECTIONS OF THE LABYRINTH

Larry E. Davis 

INTRODUCTION

Infectious agents, particularly viruses and bacteria, are thought to play a direct or indirect role in causing several inner ear disorders.[41] Each year, several thousand infants are born deaf or with impaired hearing. At least 18% of these are 
proven to be caused by congenital viral infection, and a greater percentage are suspected of having an infectious cause.[120] Each year, 10 out of every 100,000 individuals are stricken by so-called sudden deafness, which appears as unilateral 
or bilateral sensorineural hearing loss of varying degrees.[19] Again, infectious agents are often suspected as the cause. Bacterial labyrinthitis with profound hearing loss occurs in 10% of persons with bacterial meningitis.[54] Thousands of 
individuals each year have vestibular neuritis that many think has an infectious origin.[139] 

Although many infectious agents are thought to play important etiologic roles in labyrinthine disorders, there are many difficulties in proving that a given infectious agent infects the human labyrinth.[41] First, otologic examination 
demonstrates the degree of functional deficit of the inner ear but seldom establishes the cause. Second, cranial computed tomography shows the shape of the bony labyrinth but does not demonstrate the membranous labyrinth or facial nerve. 
Third, resolution of cranial magnetic resonance images is presently insufficient to clearly demonstrate details of the membranous labyrinth. Fourth, the inner ear is encased within a dense temporal bone, making viral culture of inner ear fluids 
or tissue from the spiral or vestibular ganglia difficult and seldom done. Fifth, acute hearing loss or vertigo is rarely fatal. As such, acute inner ear tissue is rarely available from autopsies. Sixth, the temporal bone is seldom removed at 
routine autopsies, so inner ear tissue seldom becomes available for histologic examination even when the illness was remote. Seventh, decalcification of temporal bones is slow (months) and often involves agents such as nitric acid that 



damage the inner ear tissue morphology, often making the tissue inadequate for immunohistochemical studies. Eighth, serologic studies can determine that an individual was infected by a given virus but do not prove the virus caused the 
labyrinthine damage. Ninth, serologic studies of herpes simplex virus (HSV) are difficult to interpret, because studies of healthy individuals demonstrate fourfold rises and falls in HSV antibody titers commonly occur without disease.[24] 
Tenth, isolation of virus from the mouth or nasopharynx does not necessarily imply that the virus caused the inner ear damage. For example, both HSV and adenoviruses are commonly latent in man and are intermittently shed in the 
oropharynx.[59] Other viruses, such as enteroviruses, can be isolated from the throats or stool of asymptomatic individuals, especially when the virus is prevalent in the community. [59] Eleventh, herpes simplex and varicella zoster viruses (and 
likely other herpesviruses) can establish viral latency in neuronal populations and never reactivate during the life of the individual. Thus, detection of viral nucleic acid by polymerase chain reaction (PCR) within neurons does not in itself 
prove that the latent virus was the cause of the tissue damage.

In summary, establishing whether a given virus is the cause of the patient's deafness or vertigo is difficult. The criteria in Box 135-1 are proposed for determining causality.

Polymerase chain reaction has become a powerful tool in the detection of nucleic acid from infectious agents in human tissues. Unfortunately, PCR is difficult to use when tissues, such as temporal bones, have been fixed in formalin and 
decalcified for weeks with nitric acid. Formalin fixation cross-links both DNA and RNA, and nitric acid harms nucleic acids. However, PCR should be helpful in analyzing small amounts of fresh perilymph removed during surgery or 
autopsy. At present, an unresolved controversy exists regarding the significance of detection of latent herpesvirus DNA in human tissue. Several PCR studies have now detected HSV DNA in neurons at autopsy from previous healthy
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patients from several sites, including the brain stem and cerebral cortex[11] and spiral and vestibular ganglia.[66] [140] [156] To date, culture of neuronal explants from these sites has not yielded isolation of an HSV similar to culture of trigeminal or 
sacral ganglia.[12] Thus, clear evidence for the breaking of viral latency and subsequent viral replication currently is lacking. As such, it is possible that brain and vestibular and cochlear neurons are dead-end cells, capable of developing 
latency but incapable breaking latency and replicating.

 
 

Box 135-1. OPTIMAL PROOF FOR INFECTIOUS CAUSE OF INNER EAR INFECTION

1.  Clinical association of infectious agent with a specific cochlear or vestibular syndrome
Epidemiologic studies of infectious agent and syndrome 
 
Clinical studies of syndrome and isolation of infectious agent at other sites or serologic antibody titer rise 
 

2.  Clear evidence of infectious agent presence within inner ear tissue
Isolation of infectious agent from perilymph, endolymph, inner ear tissue, or spiral or cochlear ganglia 
 
Immunohistochemical demonstration of specific infectious agent antigens within inner ear tissue 
 
PCR assay demonstration of DNA to specific infectious agent (excluding viruses that cause latency) in inner 
ear tissue 
 
PCR assay demonstration of infectious agent RNA (vRNA) or messenger RNA (mRNA) (excluding mRNA 
latency-associated transcripts) in inner ear tissue 
 
Histologic demonstration in inner ear tissue by electron microscopy of infectious agent or by light 
microscopy finding inclusion bodies or characteristic cell morphology plus isolation of infectious agent at 
other body sites 
 

3.  In experimental animals, demonstration that suspect infectious agent can cause similar auditory or vestibular 
signs and inner ear pathology

 
Modified from Davis LE: Neurovirology of deafness, labyrinthitis and Bell's palsy. In Johnson RT, editor: 
Neurovirology, Minneapolis, 2002, American Academy of Neurology.

 
 
To date, only a few infectious agents have been recovered from or identified within human labyrinthine tissues. Cytomegalovirus (CMV)[45] and mumps virus[165] have been isolated from perilymph. CMV antigen has been detected by 
immunohistochemistry within inner ear tissues. [45] [146] Morphologic identification of infectious agents within the labyrinth has been accomplished for several bacteria,[109] [119] fungi,[70] [119] and Treponema pallidum.[92] A multinucleated giant cell, 
typical of rubeola (measles) virus infection, has been seen within the scala vestibuli.[92] As mentioned previously, HSV DNA[65] [66] has been identified within vestibular and cochlear ganglia neurons by PCR assay, but to date, intranuclear 
inclusion bodies or viral antigens have not been identified within inner ear tissues.

Although rubella has been closely associated epidemiologically with congenital deafness and has been isolated from many sites in congenitally deaf infants, the virus has never been isolated from or viral antigens have never been identified 
within inner ear tissues, and histopathologic changes of the temporal bone are not specific for rubella. Nevertheless, available evidence strongly argues that rubella can cause congenital deafness.



It is assumed that infectious agents are not normally present in the membranous labyrinth or adjacent ganglia; therefore, isolation of an infectious agent from the inner ear carries considerable etiologic significance. However, this assumption 
is not based on comprehensive bacteriologic or virologic studies. Of interest is that healthy guinea pigs may harbor herpes-like viruses in the spiral ganglia neurons.[31] [95] 

Many infectious agents have been reported to be associated with deafness or vertigo. For some infectious agents, the association has been based on case reports that describe acute deafness or vertigo that developed during a systemic 
infection. For other infectious agents (e.g., rubella) the epidemiologic association has been strong between systemic infection of the person or mother and subsequent deafness or vertigo. Box 135-2 lists infectious agents that have been 
associated with deafness or vertigo but
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have yet to fulfill the criteria for optimal proof of causality.

 
 

Box 135-2. INFECTIOUS AGENTS ASSOCIATED WITH ACQUIRED SUDDEN SENSORINEURAL 
HEARING LOSS OR VERTIGO

 
Viruses  

Mumps Measles (rubeola)

Herpes simplex Influenza B virus

Epstein-Barr Influenza A virus

Varicella zoster Parainfluenza

Hepatitis viruses Western equine encephalitis

Adenovirus St. Louis encephalitis

Enterovirus Encephalomyocarditis

Lassa fever Russian-spring-summer encephalitis

Rubella Tickborne encephalitis

Yellow fever Lymphocytic choriomeningitis

Variola (smallpox)  

Bacteria Rickettsia

Borrelia burgdorferi Rickettsia prowazekii

Treponema pallidum  
 
Bold represents the most common causes.

 
 
This chapter reviews the clinical and pathologic features of human labyrinthine infections in which a specific infectious agent has been identified or is highly suspected. Congenital infections and postnatal acquired infections are discussed.

CONGENITAL HEARING LOSS

Cytomegalovirus

Clinical Features

Cytomegalovirus is the most common infectious cause of congenital hearing loss in the United States, accounting for >4000 cases of sensorineural hearing loss each year.[147] The incidence of CMV infection is about 1 to 2 cases/100 live births.
[76] [130] Fortunately, <5% of all congenital CMV infections result in the severe infection called congenital inclusion disease (CID). In this multiorgan infection, the incidence of sensorineural hearing loss is as high as 50% in infants who survive 
the neonatal period.[4] Hearing loss when measured years later is bilateral, relatively symmetric, and often severe.[121] High-frequency hearing loss is usually greater than at lower frequencies.

Most (>95%) congenital CMV infections are silent, and the newborn appears normal at birth. When 12,371 newborns were screened for the presence of CMV in urine that would indicate a congenital infection, the incidence of sensorineural 
hearing loss was found to be 1.1 of 1000 live births.[76] Severe bilateral hearing loss was found in about half (0.6 of 1000 live births). Of interest, 5% to 15% of children born with silent congenital CMV infection and normal hearing in the 
neonatal period subsequently have mild to moderate bilateral sensorineural hearing loss develop that may be progressive.[33] [71] [130] [134] Occasionally, these children progress to have profound hearing loss develop in one or both ears.

Diagnosis

Congenital CMV is diagnosed in symptomatic and asymptomatic infants by isolation of CMV from fresh urine during the first 1 to 2 weeks of life. CMV DNA can also be detected by PCR from urine, blood, cerebrospinal fluid (CSF), and 



infected tissues.[162] Sixty percent to 75% of congenitally infected infants have detectable immunoglobulin M (IgM) antibodies to CMV in the umbilical cord or infant serum. Antibodies of the IgM class imply fetal synthesis, because maternal 
IgM antibody normally does not cross the placenta. This serologic test is difficult to perform and should be done only in qualified laboratories. Cytomegalovirus has been isolated from the amniotic fluid of mothers with a congenitally 
infected fetus.[44] After 1 year of life, diagnosis of congenital CMV infection is very difficult. Healthy infants may acquire the virus infection asymptomatically, shedding the virus in their urine and developing antibody titers. Because most 
maternal infections are asymptomatic, no reliable history can be obtained retrospectively from the mother.

Temporal Bone Pathology

Limited histologic studies of infants dying with CID demonstrate labyrinthitis of the endolymphatic system.[35] [42] [48] [107] [146] Inclusion-bearing cells have been identified in the auditory and vestibular portions of the inner ear ( Figure 135-1 ). 
Within the cochlea, damage is most severe along the basal turn. Evaluating the condition of the organ of Corti has been difficult because of postmortem autolysis, but it seems that the major hair cell degeneration seldom occurs and that the 
tectorial membrane remains normal. There is little histologic damage to the auditory and vestibular nerves along with the spiral and vestibular ganglia. Hydrops of the cochlea and saccule and collapse of Reissner's membrane have 

 
Figure 135-1 Congenital cytomegalovirus infection in a 1-month-old infant. A, Scanning electron micrograph shows large osmiophilic cytomegalovirus inclusion-bearing cells lining the membranous wall of utricle. B, Transmission electron 
micrograph shows cytomegalovirus particles with dense cores forming aggregates in the cytoplasm of the utricular epithelium (×34,500). (From Davis LE, Johnsson L-G, Kornfeld M: J Neuropathol Exp Neurol 40:9, 1981.) 

 

Figure 135-2 Signs of congenital rubella at birth in 315 infants. Clinical features are ranked according to the time of maternal virus infection. (From Horstmann DM: Clin Obstet Gynecol 25:585, 1982.) 

 

Figure 135-3 Congenital rubella infection in a premature infant. Cochlea shows partial collapse of Reissner's membrane onto the organ of Corti in all turns. (Hematoxylin-eosin stain; ×40.) (Courtesy of G. Nagar, Baltimore, M.D.) 

 



Figure 135-4 Acquired mumps virus deafness 13 years previously. Cochlea shows absent organ of Corti in the basal turn with secondary degeneration of some ganglion cells and severe degeneration of their distal processes in osseous 
lamina. (Hematoxylin-eosin stain; ×22.) (From Smith GA, Gussen R: Arch Otolaryngol 102:108, 1976. Copyright 1976, American Medical Association.) 

 

Figure 135-5 Right ear pinna of a 50-year-old woman with herpes zoster oticus. Intense vertigo followed 1 day later with right facial weakness. Multiple vesicles are seen over the pinna, from which herpes zoster virus was isolated. 

 

Figure 135-6 Vestibular neuritis developed in this man at ages 55 and 60 years, reducing caloric responses in the left ear. A, Right semicircular canal; the nerve and crista are normal. B, Left semicircular canal; atrophy of the nerve and 
partial atrophy of the crista. (From Schuknecht HF, Kitamura K: Ann Otol Rhinol Laryngol 90(Suppl):1, 1981.) 
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Chapter 136 - TYMPANOPLASTY AND OSSICULOPLASTY

Hussam K. El-Kashlan 
Lee A. Harker 

INTRODUCTION

Tympanoplasty is defined as a surgical procedure to eradicate infection and restore the function of the middle ear.[10] Wullstein[50] [51] introduced a classification for tympanoplasty that is based on two things: (1) the remaining structures of the 
middle ear after all pathology has been eradicated; and (2) how sound is transformed to the oval window while the round window is being protected. The basic principles behind this classification still hold true today, but the practice of 
tympanoplasty has been modified by advancements in the fields of optics, microsurgical instruments, middle ear prostheses, and surgical techniques. The presence of different tympanoplasty techniques is an indication that the otologic 
surgeon should be flexible when tailoring the procedure to fit the disease rather than having a "one size fits all" approach to chronic ear surgery. This chapter will review various tympanoplasty techniques and techniques for reconstructing 
the ossicular chain.

Tympanoplasty is often performed in conjunction with mastoidectomy in cases of active chronic suppurative otitis media. The mastoidectomy can be either a canal wall down or an intact canal wall procedure, depending on the pathology. 
Mastoidectomy techniques are not the subject of this chapter and are reviewed in Chapter 137 .

FUNCTIONAL CONSIDERATIONS

Restoration of the middle ear transformer mechanism requires a secure connection between an intact tympanic membrane and inner ear fluids. The tympanic membrane should close an air-filled, mucosa-lined middle ear cavity. Traditional 
teaching contributes the majority of the middle ear gain to the hydraulic effect, which is the ratio of the effective vibrating area of the tympanic membrane to the area of the mobile stapes footplate.[37] Round window protection to avoid phase 
cancellation (i.e., sound that has an impact on both the oval and round windows at the same time) was also thought to be an important contributor to effective sound transmission to the inner ear. More recent investigations of human middle 
ear mechanisms modified these classic teachings in the following ways[30] : 

1.  Sound can be transmitted from the ear canal to the cochlea by two mechanisms: ossicular and acoustic coupling. Ossicular coupling is the sound pressure gain that occurs through the tympanic membrane and the ossicular chain. Acoustic 



coupling is the difference in the sound pressure that is acting directly on the oval and round windows. In normal ears, acoustic coupling is negligible, but it may play a significant role in diseased and reconstructed ears.
2.  When sound input to the cochlea depends solely on acoustic coupling (e.g., ossicular interruption behind an intact tympanic membrane, complete absence of the tympanic membrane and ossicles), the stimulus to the cochlea depends on 

both the relative magnitude and the phase of the oval- and round-window pressures. The magnitude difference is more important than the phase difference.
3.  The pressure gain that results from ossicular coupling in normal ears is frequency-dependent, and its magnitude is less than traditionally believed. The mean middle ear gain is about 20 dB between 250 and 500 Hz, reaches a maximum 

of about 25 dB around 1 kHz, and then decreases at about 6 dB per octave at frequencies above 1 kHz.
4.  There is also a contribution of the stapes-cochlear impedance and the round-window membrane to middle ear function. Normally motion of the stapes footplate is "opposed" by the annular ligament, the cochlear fluids and partition, and 

the round window membrane. Pathologic changes in the impedance of the stapes annular ligament, the cochlea, or the round window can cause
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hearing loss such as that caused by otosclerotic stapes fixation. Also, in a nonaerated middle ear, the presence of fluid or fibrous tissue within the round-window niche can increase the round-window impedance and cause conductive loss.
5.  Aeration of the middle ear plays an important role in sound transmission. In addition to contributing to normal stapes-cochlear impedance (see previous), aeration is critical for normal ossicular coupling. The compressible air within the 

middle ear allows the tympanic membrane and the ossicles to move.[33] [57] Impaired middle ear aeration can adversely affect ossicular coupling by altering a pressure difference that is important to middle ear function. In the normal human 
middle ear, sound pressure in the ear canal is higher than sound pressure within the middle ear; tympanic membrane motion is driven by this pressure difference. Reductions in middle ear air volume that result from disease or surgery 
lead to elevated middle ear air space impedance and an increase in middle-ear sound pressure. This leads to a reduction in the pressure difference across the tympanic membrane, with a subsequent reduction in tympanic membrane and 
ossicular motion.[30] The minimum amount of air required to maintain ossicular coupling within 10 dB of normal has been estimated to be 0.5 mL.[36] 

A perforation of the tympanic membrane thus causes hearing loss by reducing the difference in sound pressure across the two sides of the tympanic membrane, thereby causing decreased ossicular coupling.[48] Hearing loss is proportional to 
the size of perforation and varies inversely with frequency. It also varies inversely with volume of middle ear air space (including the mastoid); this may explain why seemingly identical perforations in size and location produce different 
degrees of hearing loss and why hearing loss may fluctuate in a given perforation with the presence or absence of otorrhea, which would decrease middle ear and mastoid air space, thereby causing increased hearing loss.

Preoperative Evaluation

Detailed history and careful physical examination are essential to the planning of the surgical approach and the counseling of patients regarding the expected outcome. The extent of tympanic membrane perforation and the condition of the 
ossicular chain are evaluated. The size of the external canal is evaluated, and canalplasty is planned if a prominent anterior canal wall prevents complete visualization of the perforation. Comprehensive audiometric evaluation is performed, 
and tuning fork tests are used to confirm the audiogram. Radiographic evaluation is usually not needed if clinical examination reveals a dry central perforation.

As mentioned previously, postoperative aeration of the middle ear is key to the success of tympanic membrane repair and the restoration of hearing. However, the otologic surgeon has no direct control over this factor, which depends mostly 
on eustachian tube function. There is currently no test that accurately predicts postoperative eustachian tube function. Some indicators—the aeration of the opposite ear, increased age in children, fewer episodes of otorrhea, and normal 
middle ear mucosa—may suggest reasonable eustachian tube function. In many cases, however, surgery is the ultimate test and may actually result in improved eustachian tube function by preventing recurrent infections through 
contamination from the external auditory canal.

This chapter deals mainly with techniques for repair of dry tympanic membrane perforations. Techniques for handling active chronic otitis media with or without cholesteatoma are described in other chapters.

Graft Materials

Temporalis fascia is the most commonly used material for the repair of tympanic membrane perforations; it was introduced for this use in the early 1960s. [41] Other grafting materials have also been used. [20] [35] [38] In 1960, Shea[38] described the 
use of vein grafts in tympanoplasty. Perichondrium is frequently used in tympanoplasty, especially if there is no temporalis fascia available (e.g., in cases of multiple revisions or in which a composite cartilage/perichondrium graft is needed 
to prevent retraction of reconstructed tympanic membrane when there is suspected persistent eustachian tube dysfunction). Ringenberg[35] used free autologous fat grafts in the early 1960s. A recent study reported success rates with fat grafts 
to be comparable to those of temporalis fascia.[4] More recently, AlloDerm (LifeCell Corporation, Branchburg, NJ) has been studied and used as a graft material.[13] [49] [52] Avoidance of external incisions, reduction of surgical time, and seemingly 
comparable success rates suggest that AlloDerm may be a possible alternative to autologous fascia.

Minimalist Techniques

There are some clinical situations in which a minimalist approach to tympanoplasty is possible or desirable. Small, uninfected, established perforations of 1- to 2-mm diameter can often be managed in an office setting in this way. The 
epithelium at the margins of the perforation is cauterized or removed, and a fat plug that is slightly larger than the diameter of the
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perforation is removed from the lobule to use as a graft. It is placed through the opening in a dumbbell fashion and covered with a dressing such as Gelfoam or Gelfilm (Pharmacia & Upjohn Company, Kalamazoo, Mi). Others prefer to 
simply cauterize the perforation edges with trichloroacetic acid or phenol and apply a patch of Gelfoam, Gelfilm, cigarette paper, or a hyaluronic acid film (Epidisc [Medtronic Xomed Inc., Jacksonville, Fl]). Traumatic perforations are also 
often managed by patching only after the perforation edges are realigned. In addition, a recent study described the use of a simple device in the shape of a sealed tympanostomy tube (Medtronic Xomed Inc., Jacksonville, Fl) that is designed 
to be inserted into tympanic membrane perforations in patients when surgery is contraindicated or refused by the patient. [26] 

FORMAL TYMPANOPLASTY

Anesthesia

Tympanoplasty can be performed under local or general anesthesia. In children and anxious adults, general anesthesia is preferred. In either case, the ear canal skin is injected with lidocaine (usually 1%) with epinephrine (1:100,000) for 
vasoconstriction. Care should be taken to avoid the formation of fluid blebs in the skin, which can occur if excessive force is used to inject, especially if a larger syringe is used. Injection should be done using a microscope, preferably before 



preparing the ear so that there is time allowed for vasoconstriction to occur. If liquid Betadine is used to prepare the ear, its entry into the middle ear should be avoided.

Approaches and Incisions

Three main approaches are used in tympanoplasty: transcanal, endaural, and postauricular. The approach used depends on the perforation size, the anatomy of the external auditory canal, and the surgeon's preference. Most importantly, the 
approach used should provide complete visualization of the perforation. The transcanal approach is usually used for small posterior perforations or for medium-size perforations when the ear canal anatomy is favorable and the entire 
perforation and an anterior tympanic membrane rim can be seen; it should be avoided in cases in which the anterior margin of the perforation is not well visualized, particularly in the hands of surgeons with less experience. The endaural 
approach can be used with all perforations and is more commonly used in Europe; it is most useful if a limited atticotomy is anticipated in conjunction with tympanoplasty. A self-retaining retractor can be used with this approach. The 
postauricular approach is the most commonly used approach for tympanoplasty in the United States. It can be used with all perforation sizes and offers a better angle of visualization of the anterior tympanic membrane, even without 
canalplasty. The use of self-retaining retractors allows for easier use of both hands for instrumentation and suctioning.

Transcanal incisions outline a medially based tympanomeatal flap. Superior and inferior incisions start at 12 and 6 o'clock, respectively. They will either converge to meet on the posterior canal wall, thereby forming a triangular skin flap 
( Figure 136-1, A ), or each incision may be extended laterally for 6 to 7 mm, at which point the lateral ends of the incisions are connected by a horizontal incision that forms a rectangular flap ( Figure 136-1, B ). Before the elevation of the 
flap, the edge of the perforation is excised. A sharp straight pick is used to create small holes around the periphery of the perforation, like those of a postage stamp ( Figure 136-1, A ); this outlined edge can then be removed with a cupped 
forceps. The excision of the perforation edge is an integral part of any tympanoplasty procedure, whatever the approach, incision, or technique used. The outlined skin flap is then elevated medially usually using a round knife. Care is taken 
to minimize suctioning on the flap. Suctioning should be done between the instrument used to elevate the flap and the bony canal. Elevation should be done along the entire length of the flap rather than via the creation of a tunnel in the 
middle. After the annulus is reached, it is elevated from the tympanic sulcus, thereby exposing the middle ear mucosa, which is divided to enter the middle ear. The annulus is then elevated superiorly and inferiorly from the sulcus under 
direct vision. This minimizes the risk of injury to a dehiscent, high-riding jugular bulb. Care should be taken to avoid injury of the chorda tympani with superior elevation of the flap. When elevation has reached the limits of the incision, it is 
usually possible to tuck the tympanomeatal flap anteriorly, where it is not interfering with the surgical field.

The endaural incision has a vertical limb that usually starts at 12 o'clock at the bony cartilaginous junction and extends laterally and superiorly into the cartilage-free incisura terminalis between the superior aspect of the tragus and the root of 
the helix ( Figure 136-2, A ). The incision is deepened to expose the inferior edge of the temporalis muscle, where a fascial graft can be taken. The vertical limb can be combined with one of the medially based tympanomeatal flaps described 
previously, an inferiorly based skin flap ( Figure 136-2, B ), or a laterally based Koerner flap extending onto the concha ( Figure 136-2, C ) (thereby allowing cartilage excision and meatoplasty), depending on the planned surgery.

The postauricular incision usually extends from the mastoid tip to just above the attachment of the helix, about 5 to 6 mm from the postauricular crease.
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Figure 136-1 A, Triangular tympanomeatal flap; perforation edge is prepared for excision by creating small holes along the perimeter. B, Rectangular tympanomeatal flap. 

 

Figure 136-2a A, Hatched line shows the vertical limb of the endaural incision starting at the bony cartilaginous junction and extending laterally and superiorly into the cartilage-free incisura terminalis, between the superior aspect of the 
tragus and the root of the helix. The vertical limb can be combined with an inferiorly based skin flap (B), or a laterally based Koerner flap extending onto the concha (C). 



 

Figure 136-2b 

 

Figure 136-3a A, Vascular strip incisions on posterior canal wall; the lateral ends of the vertical incisions are connected along the anterior canal wall just medial to the bony-cartilaginous junction. B, The canal skin is dissected medially 
toward the annulus. C, Visualization of the anterior sulcus may require removal of a significant amount of the anterior canal bone; bone is first removed in the superior and inferior corners of the anterior bony canal. D, The bony bulge is then 
gradually taken down between the two corners. 



 

Figure 136-3b E, Schematic diagram that shows placement of the graft (thick black line), with its anterior edge at the annulus supported by Gelfoam in the middle ear; the medial end of the replaced anterior canal skin (gray) should cover 
only 1 to 2 mm of the anterior end of the graft. F, Schematic diagram that shows anterior blunting (gray); this is the result if the graft is placed on the anterior canal wall or if the anterior canal skin covers a large area of the graft without 
maintaining the acute anterior tympanomeatal angle. 

 

Figure 136-4a A, Anterior tympanic membrane perforation. B, Reflected tympanomeatal flap still attached to the malleus; the periosteum is incised along the posterior aspect of the malleus. 

 

Figure 136-4b C, Tympanomeatal flap freed from the malleus, dissected forward, and reflected upward onto the anterior canal wall, which shows through the perforation. D, Gelfoam is placed anteriorly to support the graft. E, A platform of 
Gelfilm is placed lateral to the Gelfoam and medial to the malleus and the anterior annulus. F, Fascial graft with a small hole created in the anterior superior aspect. 



 

Figure 136-4c G, The umbo is passed through the hole in the graft. H, The graft is pulled superiorly so that the hole surrounds the malleus neck; the anterior edge of the graft is tucked medial to the anterior annulus and lateral to the Gelfilm 
platform. I, The tympanomeatal flap is returned to its position; the graft is showing through the perforation. J, Schematic diagram that shows the placement of the Gelfilm platform and graft medial to the anterior annulus supported by 
Gelfoam in the anterior tympanum. 
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to an adjacent wall of the attic. Combined fixation of the malleus and incus occurs as commonly as isolated incus fixation. Nonotosclerotic bony fixation of the stapes is uncommon and is usually manifested by a small bridge of new bone 
between the fallopian canal and one of the crura.

It may be possible to diagnose malleus fixation preoperatively by microscopic observation during pneumatic otoscopy. In these cases, the umbo and the anterior (short) process of the malleus can be seen to move less than in normal ears or 
not at all.

Ossicular Discontinuity

Chronic otitis media in almost any form can result in the disruption of the integrity of the ossicular chain. Chronic eustachian tube insufficiency and tympanic membrane retraction that results in prolonged contact of the tympanic membrane 
with the tip of the incus can cause this type of erosion, even without active infection. However, cholesteatoma is by far the most common cause, and chronic otomastoiditis without cholesteatoma can also cause erosion of the ossicles. The 
pathology can be restricted to the incudostapedial joint with loss of the lenticular process, sometimes with preservation of a soft-tissue connection; usually, however, there is a complete loss of some portion of the distal incus. The entire long 
process of the incus can be eroded, particularly in cases of cholesteatoma, along with the stapes superstructure. In some cases, the incudostapedial erosions are associated with partial or total malleus fixation.

Surgical removal of the ossicles during cholesteatoma removal is another obvious and common cause of ossicular discontinuity. In most instances this involves the entire (remaining) incus and the head of the malleus.

Trauma can also result in ossicular discontinuity, especially longitudinal temporal bone fractures. The force of the fracture tears the incus from its articulations with the malleus and stapes, and the incus does not completely return to its 
normal position. The stapes superstructure may also be fractured.

AUDIOMETRIC CORRELATES

With complete ossicular discontinuity, the most common audiometric pattern is that of a near maximum (55–60 dB) conductive hearing loss across all frequencies.[3] This is because, as mentioned previously, sound input to the cochlea 
depends solely on acoustic coupling. The intact tympanic membrane presents a barrier to the sound trying to reach the oval and round window membranes. The limited sound reaching those membranes strikes them at the same time (no phase 
protection) with a similar low sound pressure (absent ossicular coupling). When a significant tympanic membrane perforation is present, along with ossicular discontinuity, that barrier is removed and hearing is improved by 10 to 15 decibels. 
An interesting variation is the uncommon situation of a partial incudostapedial separation (fibrous union of the incus and stapes). Audiometrically, the air-bone gap is greater in the high frequencies than in the low frequencies. Tympanometry 
also helps to identify cases of complete ossicular disruption, because the discontinuous ossicular chain allows a wide excursion of the tympanic membrane in response to changing ear canal pressure, and a deep tympanometric pattern results.

Audiometrically, ossicular fixation presents nice contrasts to ossicular discontinuity. Because the fixation of the ossicles restricts the motion of the malleus and therefore the tympanic membrane, the tympanogram is flatter than normal; a 
Carhart notch is usually seen. This is a 5-, 10-, 15-, and 50-dB depression in bone conduction thresholds at 500, 1000, 2000, and 4000 Hz, respectively. This is not a true depression in bone conduction but rather an artifact caused by a lack of 
the normal contribution of the mobile ossicular chain to bone conduction. This depression improves after the mobility of the ossicular chain is restored. It is important to recall that the Carhart values are averages from a number of subjects 
and that, in some cases, changes are much greater. The air conduction thresholds in ossicular fixation are poorest in the low frequencies. When both the air and bone conduction thresholds are plotted, the pattern looks like an hourglass on its 
side; the air conduction thresholds are best in the mid frequencies and poorer at high and low frequencies. Air and bone conduction thresholds in cases of ossicular discontinuity look like parallel lines 50 to 60 dB apart across the frequencies, 
without better hearing at the mid frequencies and without the bone conduction depression seen in ossicular fixation.



MATERIALS

The materials used in the reconstruction of the ossicular chain are autografts, homografts, and allografts. Autografts are either bone or cartilage. Autograft ossicles are removed from the patient and sculpted to serve as an interposition graft; 
the incus is used most commonly. The advantages include immediate availability, obvious biocompatibility, low cost, and a low extrusion rate. Disadvantages include concerns about possible disease recurrence when used in patients with 
cholesteatoma, the potential for fixation to adjacent bone of the promontory or the canal wall, and ossicle unsuitability due to demineralization or erosion. In addition, both autografts and homografts require time and skill to shape them 
appropriately in the operating room. Autograft cartilage is usually
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taken from the tragus or occasionally from the auricular cartilage. Homograft ossicles and en bloc tympanic membranes with attached ossicles are available through regional tissue banks, and graft rejection is extremely rare. However, their 
usage has decreased considerably, due in large part to the fear of potential transmission of human immunodeficiency virus, hepatitis, and Creutzfeldt-Jacob disease.

During the past 20 years, there has been increasing interest in and usage of allografts. The major advantages are sterility, availability, and, for some, the ability to bond to tissues. During their developmental history, the disadvantages of 
allografts have been difficulties with biocompatibility (extrusion) and cost. There have been three principal groups of allografts: polymers, ceramics, and metals. The polymers include polyethylene, polytetrafluoroethylene (Teflon [DuPont, 
Wilmington, De]), and silicone rubber (Silastic [Dow Corning, Midland, Mi]). Polycel and Plasti-Pore are high-density polyethylene sponge products. The ceramics include the glass ceramics Ceravital (Ernst Leitz, Wetzlar, Germany) and 
Bioglass and the calcium phosphate ceramic hydroxyapatite. Hydroxyapatite can achieve real integration with bone without encapsulation, and it can be made in a porous as well as a dense form; it is brittle and difficult to sculpt or modify.[21] 

Allografts have been manufactured in two basic configurations: total ossicular replacement prosthesis (TORP) and partial ossicular replacement prosthesis (PORP). There are many variations in the shape of the platform of the tympanic 
membrane portion of the prosthesis. Some contact the undersurface of the tympanic membrane, whereas others are designed to conform to the undersurface of the malleus. In addition, there are prostheses that are designed to be used for 
ossicular discontinuity that is restricted to separation of the incudostapedial joint.

Attempts have also been made to combine various allografts. A hydroxyapatite platform is frequently combined with a Plasti-Pore shaft. The hydroxyapatite has less extrusion potential and can bond to tissue, whereas the Plasti-Pore can be 
cut to the appropriate length more easily. Other materials have been used in such composite prostheses. These include Polycel (thermal-fused Plasti-Pore), polytetrafluoroethylene, a mixture of hydroxyapatite and Silastic, and hydroxyapatite-
reinforced polyethylene composites.[7] [19] 

The choices and preferences of ossicular prostheses by United States otologists have changed over time. In a 1989 survey, autograft and homograft bone were used by 83% of respondents, cartilage by 78%, and Plasti-Pore by 81%. 
Hydroxyapatite had just been introduced as a biomaterial. Ten years later, a similar survey revealed that hydroxyapatite prostheses were used by 82% of respondents, autograft and homograft bone by 72%, and autograft or homograft 
cartilage by 62% (only 4% listed cartilage as their first preference). Plasti-Pore prosthesis use had declined to 59% of respondents.[18] 

More recently, titanium prostheses have been gaining increased popularity.[14] [23] [24] [27] [56] The titanium prosthesis combines low weight (less than 4 mg) and high rigidity. The prosthesis is the closest in mass to the ossicles it tries to replace. 
These characteristics lead to reduction in acoustic impedance and sound damping, particularly for higher frequencies.[42] All of the current designs of titanium prostheses have an open head plate (toward the tympanic membrane) that allows 
the surgeon better visualization of the medial end of the prosthesis during placement. The medial end of the titanium PORP fits better over the stapes head due to its "claw-like" design, which achieves a secure connection. In addition, 
titanium prostheses are not "top heavy" like hydroxyapatite prostheses and tend to stay upright. Titanium was also found to be more user friendly by the majority of surgeons as compared with hydroxyapatite.[54] 

Cartilage is used to interpose between the prosthesis and the tympanic membrane to prevent extrusion. A recent review of alloplastic materials in ossiculoplasty showed that results are still comparable for the alloplastic materials that are 
currently in use, with different series reporting different success and extrusion rates using the same prosthesis.[53] In 2001, House and Teufert[25] reported on the use of Plasti-Pore in 1040 cases. The air-bone gap was less than 20 dB in 69% of 
PORP cases and in 61% of TORP cases. In 1990, Grote[22] reported on the long-term results achieved with hydroxyapatite prostheses with an air-bone gap less than 20 dB in 84% of PORP cases and in 64% of TORP cases. Dalchow and 
colleagues,[11] in 2001, reported on more than 1300 cases that involved the use of titanium prostheses, with 76% achieving an air-bone gap of less than 20 dB; PORPs and TORPs were combined.

FACTORS THAT AFFECT SURGICAL DECISIONS

The goal of ossiculoplasty is to efficiently reconstruct the transfer of induced vibratory energy from the tympanic membrane to the undersurface of the stapes footplate, thereby maximizing the postoperative gain in hearing. There are many 
factors that have a bearing on the potential success of such operations. The technical skills of the surgeon have a major effect. Independent of surgical judgment and experience, the psychomotor skills necessary to perform this type of surgery 
and obtain optimum results are substantial. In addition, sufficient general otologic experience is necessary so that the surgeon may obtain adequate
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exposure for the operation in the face of difficulties such as a small external auditory canal, the limited ability of the patient to turn the head, or a large body habitus, especially in the neck and shoulder areas. Inadequate or marginal exposure 
greatly increases the degree of difficulty of the procedure. The presence of concomitant tympanic membrane perforation also elevates the degree of difficulty, because a separate graft is required for the perforation.

A major decision to be made during surgery for chronic otitis media (especially for cholesteatoma) is whether to perform ossiculoplasty at the time of the cholesteatoma excision or to perform ossiculoplasty as a planned procedure some 
months later. Important factors relevant to this decision include the following: (1) status of the middle ear mucosa; (2) amount of bleeding; (3) advisability of reoperation for possible cholesteatoma recurrence; and (4) eustachian tube 
function in the involved and the contralateral ear. Middle ear mucosa that is thickened, infected, traumatized, or partially missing is likely to heal with fibrous tissue formation that may displace a perfectly placed prosthesis. Middle ear 
bleeding not only obscures visualization and makes the surgery more difficult, but it also increases the risk of unfavorable fibrosis. Some surgeons perform ossiculoplasty in the same setting with every cholesteatoma operation, even when a 
"second look" procedure for recurrent or residual disease is planned. When economic considerations prevent the second look, this seems appropriate, although hearing restoration is always a goal that is secondary to complete cholesteatoma 
excision. Other surgeons prefer to defer ossiculoplasty and, at the first operation, to try to decrease postoperative middle ear fibrous tissue formation by placing a sheet of Silastic, Gelfilm, or Epidisc between the promontory and the tympanic 
membrane (graft). After healing is complete, these surgeons assert that the level of the tympanic membrane vis-à-vis the promontory is established and will be stable after the second-stage ossiculoplasty. This will make it easier to judge the 
appropriate length for a prosthesis that connects the tympanic membrane or malleus to the stapes capitulum or footplate.



Certainly the major factor that affects the choice of the prosthesis is the status of the ossicles. When the undersurface of the manubrium of the malleus anchors the prosthesis laterally, consideration must be given to the anterior-posterior 
distance from the manubrium to the footplate as compared with the medial-lateral distance between them, which is really the depth of the middle ear. A favorable relationship should allow the interposed prosthesis to lie in a more vertical 
position ( Figure 136-5, A ). With a relatively wide anterior-posterior distance and a relatively narrow middle ear, an unfavorable vector for energy 

 
Figure 136-5a A, Favorable relationship between the malleus and the stapes, thus allowing a more vertical position of the interposed prosthesis. B, Unfavorable relationship, which results in a more horizontal position of the prosthesis. 

 

Figure 136-5b C, A prosthesis connecting the stapes head to the posterior superior quadrant of the tympanic membrane in an ear with an unfavorable malleus-stapes relationship. 
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Chapter 137 - MASTOIDECTOMY

Paul R. Lambert 

INTRODUCTION

This chapter will focus on mastoid surgery as it relates to chronic ear disease. Although a mastoidectomy is required in a variety of other surgical procedures (e.g., cochlear implantation; access to the cerebellopontine angle, skull base, and 
petrous apex; labyrinthectomy; endolymphatic sac decompression; repair of facial nerve disorder; cerebrospinal fluid leaks), the principles to be reviewed in the context of chronic otitis media and cholesteatoma have broad application.

HISTORY

The first scholarly treatise on mastoid surgery for suppurative disease was by Schwartze in 1873.[10] [14] The procedure he described was a cortical mastoidectomy with limited exenteration of mastoid air cells. For acute and coalescent 
mastoiditis, which were prevalent in the preantibiotic era, this procedure proved remarkably efficacious. As one might expect, however, the simple mastoidectomy rarely cured chronic otitis media or cholesteatoma. During the next 20 years, 
it became evident that creating an open cavity was necessary for these diseases, and in 1890 Zaufal described removing the superior and posterior canal wall, tympanic membrane, and the lateral ossicular chain, a procedure now known as the 
radical mastoidectomy.[1] This procedure was modified by Bondy, who recognized that disease limited to the pars flaccida could simply be exteriorized, leaving the uninvolved middle ear alone. His description of the "modified radical 
mastoidectomy" or "Bondy procedure" in 1910 represented one of the first reports addressing hearing function.[10] 

Interest in hearing preservation and restoration gained further attention after Lempert introduced the fenestration operation in 1938 and Zollner and Wullstein described tympanoplasty techniques in the early 1950s.[7] [15] [16] During the next 



decade, Jansen, Sheehy, and others extended these principles of restoring function and maintaining normal anatomy with the introduction of the intact canal wall mastoidectomy with facial recess approach.[5] [12] 

ANATOMY

The temporal bone consists of four parts: squamous, tympanic, mastoid, and petrous ( Figure 137-1 and Figure 137-2 ). The smallest part is the tympanic portion, which forms the external auditory canal. This chapter will focus primarily on 
the mastoid portion, which articulates with the parietal and occipital bones and houses the mastoid air cell system, which is in continuity with the air cells of the petrous pyramid. Transmastoid procedures provide access to the facial nerve, 
internal carotid artery, jugular bulb, labyrinth, internal auditory canal, and petrous apex.

Important surface landmarks on the mastoid include the temporal line, which extends posteriorly from the zygomatic root and is the insertion site for the temporalis muscle. There is considerable variability in the prominence of this structure 
among individuals. The suprameatal spine or "spine of Henle" is a small bony protuberance extending superficially from the posterior superior bony external auditory canal. It is located just inferior to the temporal line and also shows 
variability in size among individuals. Just posterior to this spine is a cribriform area, which approximates the location of the underlying mastoid antrum.

All major components of the temporal bone are present in the infant, but there is one notable difference that has surgical implications. In the infant, the mastoid tip has yet to develop, and thus the stylomastoid foramen is located more 
superficially, making the facial nerve vulnerable to surgical trauma.

NOMENCLATURE

The otologic surgeon has a variety of mastoid procedures from which to choose, depending on extent of disease. In addition, variations on these standard approaches are often discussed in the literature. Thus, the nomenclature for mastoid 
surgery can, at first,
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Figure 137-1 Right temporal bone. Lateral view. (From Donaldson JA and others, editors: Surgical anatomy of the temporal bone, ed 4, New York, 1992, Raven Press.) 

 

Figure 137-2 Left temporal bone. Posterolateral view. (From Donaldson JA and others, editors: Surgical anatomy of the temporal bone, ed 4, New York, 1992, Raven Press.) 



 
 

Box 137-1. MASTOID PROCEDURES

Simple mastoidectomy 
 
Canal wall up mastoidectomy 
 
Canal wall down mastoidectomy 
 
Radical mastoidectomy 
 
Modified radical mastoidectomy 
 
Mastoid obliteration 
 

 
 
Modified Radical Mastoidectomy

Most of the confusion over terminology centers on this procedure. Frequently the term modified radical mastoidectomy is used interchangeably with canal wall down mastoidectomy. Classically, the modified radical mastoidectomy refers to 
a "Bondy procedure," in which disease limited to the epitympanum is simply exteriorized by removing portions of the adjacent superior and/or posterior canal wall. The uninvolved middle ear is not entered, and the cholesteatoma matrix on 
the lateral surface of the ossicular heads is maintained in place as a lining for the created cavity. Small cholesteatomas are frequently amenable to the Bondy approach, and this author prefers to use the term modified radical mastoidectomy in 
that context.

Mastoid Obliteration

The indications for and extent of obliterating mastoid air cells varies considerably from surgeon to surgeon. A variety of materials are used, including autogenous bone and cartilage, free or vascularized soft tissue, and bioactive or 
biocompatible alloplastic materials. Mastoid obliteration is typically used when the canal wall has been removed so as to decrease the size of the mastoid cavity and make it as carefree as possible. In rare cases, the eustachian tube and 
external ear canal are closed, completely isolating the mastoid from the exterior.

OPERATIVE PROCEDURE

The surgical site is prepared by shaving 1 to 2 cm of hair around the ear and injecting 5 to 10 mL of local anesthetic with a vasoconstrictor (e.g., 1% lidocaine with 1:100,000 epinephrine) postauricularly and within the external ear canal. To 
facilitate closure, the C-shaped incision is placed about 1 cm behind the postauricular crease, rather than within it ( Figure 137-3 ). If extensive saucerization of the mastoid cavity is planned (e.g., translabyrinthine or retrolabyrinthine 
approach to the cerebellopontine angle, skull base tumor resection), the incision is placed more posteriorly.

Superiorly, the incision is carried down to the temporalis fascia. Inserting a small Weitlaner retractor and lifting it laterally facilitates this dissection. The
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Figure 137-3 The postauricular incision is placed about 1 cm behind the postauricular crease, facilitating skin closure. (From Sheehy JL: Surgery of chronic otitis media. In English GE, editor: Otolaryngology, Philadelphia, 1986, JB 



Lippincott, p 1.) 

 

Figure 137-4 The initial bur cuts are along the temporal line and tangential to the bony canal. (From Sheehy JL: Mastoidectomy: the intact canal wall procedure. In Brackmann DE, Shelton C, Arriaga M, editors: Otologic surgery, 
Philadelphia, 1994, WB Saunders.) 

 

Figure 137-5 The facial recess is shown as the triangle. (From Sheehy JL: Mastoidectomy: the intact canal wall procedure. In Brackmann DE, Shelton C, Arriaga MA, editors: Otologic surgery, Philadelphia, 1994, WB Saunders.) 

 

Figure 137-6 The facial recess is opened. (From Sheehy JL: Mastoidectomy: the intact canal wall procedure. In Brackmann DE, Shelton C, Arriaga MA, editors: Otologic surgery, Philadelphia, 1994, WB Saunders.) 

 

Figure 137-7 The facial recess is enlarged by removing the incus and fossa incudus. (From Sheehy JL: Mastoidectomy: the intact canal wall procedure. In Brackmann DE, Shelton C, Arriaga MA, editors: Otologic surgery, Philadelphia, 
1994, WB Saunders.) 



 

Figure 137-8 Course of the tympanic segment of the facial nerve. (From Donaldson JA and others, editors: Surgical anatomy of the temporal bone, ed 4, New York, 1992, Raven Press.) 

 

Figure 137-9 Anterior epitympanic space with dehiscent facial nerve. (From Schuknecht HF: Pathology of the ear, ed 2, Philadelphia, 1993, Lea & Febiger.) 

 

Figure 137-10 Canal wall down mastoidectomy. (From Brackmann DE, Shelton C, Arriaga MA, editors: Otologic surgery, Philadelphia, 1994, WB Saunders.) 



 

Figure 137-11 Histologic section showing a deep sinus tympani. (From Schuknecht HF: Pathology of the ear, ed 2, Philadelphia, 1993, Lea & Febiger.) 

 
 
REFERENCES  
 
1. Brackman DE: Tympanoplasty with mastoidectomy: canal wall up procedures, Am J Otol 14:380, 1993.  
 
2. Bujia J and others: Immunobiological peculiarities of cholesteatoma in children: quantification of epithelial proliferation by MIB1, Laryngoscope 106:865, 1996.  
 
3. Canalis RF and others: Surgical trauma to the lateral semicircular canal with preservation of hearing, Laryngoscope 97:5751, 1987.  
 
4. Glasscock ME, Miller GM: Intact canal wall tympanoplasty in the management of cholesteatoma, Laryngoscope 86:1639, 1976.  
 
5. Jansen CL: The combined approach for tympanoplasty, J Laryngol Otol 82:776, 1968.  
 
6. Lambert PR, Dodson EE, Hashisaki GT: Intact canal wall versus canal wall down mastoidectomy. In Lalwani AK, Grundfast KM, editors: Pediatric otology and neurotology, Philadelphia, 1998, Lippincott-Raven, p 663.  
 
7. Lempert J: Improvement of hearing in cases of otosclerosis: new one stage surgical technic, Arch Otol 28:42, 1938.  
 
8. Pickett BP, Cail WS, Lambert PR: Sinus tympani. Anatomic considerations, computed tomography, and a discussion of the retrofacial approach for removal of disease, Am J Otol 16:741, 1995.  
 
9. Sade J, Berco E, Brown M: Results of mastoid operations in various chronic ear diseases, Am J Otol 3:11, 1981.  
 
10. Shambaugh GE, Glasscck ME: Surgery of the ear, Philadelphia, 1980, WB Saunders, p 251.  
 
11. Sheehy JL, Brackmann DE, Graham MD: Cholesteatoma surgery: residual and recurrent disease: a review of 1024 cases, Ann Otol Rhinol Laryngol 86:451, 1977.  
 
12. Sheehy JL, Patterson ME: Intact canal wall tympanoplasty with mastoidectomy, Laryngoscope 77:1502, 1967.  
 
13. Smyth GDL: Postoperative cholesteatoma in combined approach tympanoplasty, J Laryngol Otol 90:597, 1967.  
 
14. Whiting T: The modern mastoid operation, Philadelphia, 1905.  
 
15. Wullstein H: Funktionelle Operationen im Mittelohr mit Hilfe des freien Spaltlappen-Transplantates, Arch Ohren Nasen-u Kehlkopfh 161:422, 1952.  
 



16. Zollner F: Die Radikal-Operation mit besonderem Bezug auf die Horfunktion, Ztschr Laryn Rhin Otol 30:104, 1951.  
 

3087

3088

 

Part Twelve - VESTIBULAR SYSTEM

 

3089

Chapter 138 - ANATOMY OF VESTIBULAR END ORGANS AND NEURAL PATHWAYS

Anna Lysakowski 

INTRODUCTION

The vestibular system is the system of balance and equilibrium. It consists of five distinct sensory organs: three semicircular canals that are sensitive to angular accelerations (head rotations) and two otoliths that are sensitive to linear 
accelerations (such as motion in a vehicle or an elevator). This chapter will describe the anatomic basis for these functions.

The semicircular canals are arranged as a set of three orthogonal sensors ( Figure 138-1 ); that is, each canal is at approximately right angles to the other two. Furthermore, each canal is maximally sensitive to rotations that lie in the plane of 
that canal. The result of this arrangement is that the three canals can uniquely specify the direction and amplitude of any arbitrary head rotation. Each of the canals acts as an integrating accelerometer; thus, the necessary stimulus for the 
canal is an angular acceleration, but the information that is encoded by the firing of the afferent nerve fiber is more closely related to angular velocity. Finally, the canals are organized into functional pairs wherein both members of the pair 
lie in the same plane. Any rotation in that plane will be excitatory to one of the members of the pair and inhibitory to the other. Although in the horizontal system the two horizontal canals form a functional pair, the situation is somewhat 
more complex in the vertical system. Here, the anterior canal on one side is parallel and coplanar with the posterior canal on the opposite side. For example, the right anterior canal and the left posterior canal form a functional pair.

Because the primary vestibular afferent fibers exhibit a substantial resting firing rate (60–80 spikes per second in mammals), each canal is able to report rotations in either its excitatory direction (by increasing its firing rate) or its inhibitory 
direction (by decreasing). This observation explains why it is possible to function reasonably well after the loss of one labyrinth.

The vestibular system forms the basis for a number of rather fundamental reflexes: the vestibulocollic reflex (head stabilization), the vestibulospinal reflex (control of upright posture), and the vestibuloocular reflex (VOR; retinal image 
stabilization). The last of these, the VOR, has been studied far more extensively than the others and is certainly the best understood; it is this reflex that forms the basis for most clinical testing (calorics, rotation tests, and so on).

This chapter describes the anatomy of the VOR in reasonable detail but without exploring every possible aspect. Many of the details that will be described have been obtained from experiments in animal species, principally the cat and 
monkey; nevertheless, the information is certainly applicable to humans because the vestibular system has changed very little during the evolution of vertebrates.

EMBRYOLOGY OF THE VESTIBULAR APPARATUS

The development of the inner ear is a complex process that starts at the beginning of the fourth week and is completed at about 25 weeks of gestation. By that time, the vestibular apparatus has achieved adult form and size. What follows is a 
brief description of this process of development in human embryos. Further details can be found by consulting more detailed references.[4] [75] [99] [109] An excellent treatment of molecular aspects of development can be found in Post. [80] 

When the human embryo reaches the seven-somite stage (about 22 days), surface ectoderm overlying the future site of the inner ear (at about the level of the first occipital somite) thickens to form the otic placode. The otic placode 
invaginates into the mesenchyme, forming an otic pit. At about 30 days, the otic pit becomes pinched off, forming the otic vesicle or otocyst (see Figure 138-1 ). Concurrently, at about 4 weeks, a portion of the neural crest migrates to the
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Figure 138-1 Development of vestibular apparatus in humans. A, Embryo of 4.3 mm (approximately 23 days old). B, Embryo of 6.6 mm (approximately 30 days old). C, Embryo of 11 mm (approximately 41 days old). D, Embryo of 20 mm 
(approximately 50 days old). E and F, Embryo of 30 mm (approximately 56 days old). See text for details. (Modified from Williams PL, Warwick R, editors: Gray's anatomy, ed 36, Philadelphia, 1980, WB Saunders.) 



 

Figure 138-2 Orientation of the semicircular canal in the head. A, Horizontal (LC, lateral) canal is tilted 30 degrees upward from horizontal plane at its anterior end. B, Vertical canals (AC and PC) are oriented at roughly 45 degrees from 
midsagittal plane. (From Barber HO, Stockwell CW: Manual of electronystagmography, St. Louis, 1976, Mosby-Year Book.) 

 

Figure 138-3 Membranous labyrinth situated within the bony labyrinth. Note the crus commune, a duct shared by the superior (anterior) and posterior ducts. Note also the endolymphatic duct originating as a fusion of the utricular and 
saccular ducts and the ductus reuniens connecting the vestibular apparatus with the cochlear duct (uncoiled in this diagram). (Modified from Kandel ER, Schwartz JW: Principles of neural science, ed 2, New York, 1985, Elsevier Science.) 



 

Figure 138-4 Distribution of the vestibular nerve to the end organs. (From Brodel M: Three unpublished drawings of the anatomy of the human ear, Philadelphia, 1946, WB Saunders.) 

 

Figure 138-5 Course of the vestibulocochlear nerve within the auditory meatus. (From Brodel M: Three unpublished drawings of the anatomy of the human ear, Philadelphia, 1946, WB Saunders.) 



 

Figure 138-6 Origin and course of the efferent vestibular system in a cat. A, Distribution of efferent retrogradely labeled neurons after unilateral horseradish peroxidase injection into the labyrinth of a newborn animal. This group of cells has 
been termed group e. Horizontal section. Top of diagram, rostral direction. Each dot, approximately five neurons; bar, 1 mm; SVN, LVN, DVN, and MVN, superior, lateral, descending, and medial vestibular nuclei, respectively; VI, 
abducens nucleus. B, Frontal section (see arrow in A) from the same specimen. Each dot, one labeled neuron; SpTrV, trigeminal spinal tract; V, spinal trigeminal nucleus; VII, facial nerve; MLF, medial longitudinal fasciculus; BC, brachium 
conjunctivum. C, Intramedullary course of efferent pathways based on acetylcholinesterase histochemistry. RB, Restiform body; CN, cochlear nuclei. (From Goldberg JM and Fernández C: The vestibular system. In Darian-Smith I, editor: 
Handbook of physiology: the nervous system, vol III, Bethesda, MD, 1984, American Physiological Society.) 

 

Figure 138-7 Blood supply to the inner ear labyrinth. See text for details. (Modified from Nabeya: Acta Schol Med Imp Kioto 6:1, 1923.) 

 

Figure 138-8 Cross-section from a hair bundle close to the cell surface illustrating regularity in arrangement of stereocilia (Stc) and peripheral position of the kinocilium (KC) with arrangement of nine peripheral double tubules and two 



centrally located single tubules in the kinocilium. (From Wersäll J and Bagger-Sjöback D: In Kornhuber HH, editor: Handbook of sensory physiology, vol 6, New York, 1974, Springer-Verlag.) 

 

Figure 138-9 Diagram of discharge rate of individual vestibular nerve fibers as a function of the displacement of stereocilia (sensory hairs) relative to the kinocilium. (From Wersall J and Lundquist P-G: In Graybiel A: Second symposium 
on the role of vestibular organs in space exploration, NASA SP-115. Washington, D.C., 1966, US Government Printing Office.) 

 

Figure 138-10 Morphologic polarization of sensory cells and the polarization pattern of the vestibular sensory epithelia. Morphologic polarization (arrow) of the sensory cell is determined by the position of the kinocilium in relation to the 
stereocilia. A, Section perpendicular to the epithelium. B, Section parallel to the epithelial surface. C, Sensory cells on the crista are polarized in the same direction. Macula sacculi (D) and macula utriculi (E) are divided by an arbitrary 
curved line into two areas, the pars interna and the pars externa, with opposite polarization. On the macula sacculus, sensory cells are polarized away from the dividing line and, on the macula utriculus, toward the line. Constant irregularities 
are found in the areas corresponding to the continuation of striola peripherally (rectangles in D and E). (From Lindemann HH: Ergeb Anat Entwicklungsgesch 42:1–113, 1969.) 

 



Figure 138-11 A, Three-dimensional diagram of the surface of guinea pig crista from the midtransverse plane to the planum semilunatum. B, Histologic transverse section of monkey crista with the cupula very well preserved, stretching 
from the apex of the crista to the opposite wall of the membranous ampulla. Arrowheads indicate subcupular space. (A, from Wersall J, Lundquist PG: In Graybiel A, editor: Second symposium on the role of vestibular organs in space 
exploration, NASA SP-115. Washington, D.C., 1966, US Government Printing Office. B, from Igarashi M: In Graybiel A, editor: Second symposium on the role of vestibular organs in space exploration, NASA SP-115. Washington D.C., 
1966, US Government Printing Office.) 

 

Figure 138-12 Orientation of two maculae. The utricular macula is in the horizontal plane, and the saccular macula is in the vertical plane. (From Barber HO, Stockwell CW: Manual of electronystagmography, St Louis, 1976, Mosby-Year 
Book.) 

 

Figure 138-13 Arrangement of otoliths in two maculae. A, Sacculus. B, Utriculus. C, The composition of the saccular otoconial membrane in the section taken at the level shown in A. (From Paparella MM, Shumrick DA, editors: Textbook 
of otolaryngology, vol 1. Philadelphia, 1980, WB Saunders, p 459.) 



 

Figure 138-14 Schematic drawing of the two types of sensory cells in the mammalian labyrinth showing fine structural organization of type I and type II sensory cells and their innervation. (From Wersall J, Bagger-Sjoback D: In Kornhuber 
HH, editor: Handbook of sensory physiology, New York, 1974, Springer-Verlag.) 
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Figure 138-15 Regional variations in the synaptic innervation of type I and type II vestibular hair cells. Schematic is based on electron micrographs taken from a chinchilla superior crista. A, This portion of the central zone contains three 
type II hair cells (II) and four type I hair cells, including two in a complex calyx (IC) and two others, each in a simple calyx (IS). Supporting cell (SC) nuclei are seen at the bottom. The efferent boutons are shaded dark gray, while afferent 
boutons are unshaded. The calyx endings are shaded light gray, as is the parent axon (PA) running from right to left and giving rise to the complex calyx. The hair cells are wider and calyces are thicker than in the peripheral zone. There are 
fewer afferent boutons per type II hair cell in the central zone, but each central bouton makes multiple ribbon synapses. Type II hair cells in the central zone also synapse with the outer faces of neighboring calyx endings. Synaptic ribbons 
occur in different shapes (see Key). Efferent synapses are made with type II hair cells, calyx endings, and other afferent processes. B, Four type II hair cells (II) and two type I hair cells (IS) are shown from the peripheral zone. The hair cells 
and calyces are thinner, and there are many more afferent boutons per type II hair cell. Most afferent boutons contact one ribbon synapse. Complex calyx endings and outer-face ribbons are rare in the periphery. The efferent innervation 
appears similar in the two regions. (From Lysakowski A, Goldberg JM: J Comp Neurol 389:419–443, 1997.) 



 

Figure 138-16 Reconstruction of seven afferents labeled by intraaxonal injections of horse-radish peroxidase. Dimorphic units innervating horizontal (a to c) or superior (f, g) cristae, including regular (a, b), intermediate (c), and irregular (f, 
g) afferents. A regular bouton (e) and irregular calyx (d) unit are also shown; bouton and calyx units supply the superior and horizontal cristae, respectively. The location of labeled fibers is indicated in map at upper left; calyx and bouton 
units. For dimorphic units, regular, intermediate, and irregular units are indicated. The thin lines in each drawing indicate the top of epithelium (top) and basement membrane (bottom). Bar, 10 µm. (From Baird RA and others: J Neurophysiol 
60:182–203, 1988.) 

 

Figure 138-17 Reconstruction of 10 utricular afferents labeled by intraaxonal injections of horseradish peroxidase and their locations on a standard map of the macula (lower left). Bar, 10 µm. All other conventions as in Figure 138-16 . 
(From Goldberg JM and others: J Neurophysiol 63:791–804, 1990.) 



 

Figure 138-18 Central terminations of regularly and irregularly discharging canal fibers in the vestibular nuclei. Note how the irregular fibers, which are thicker and originate from larger ganglion cells than the regular fibers, have a tendency 
to terminate on larger-sized secondary vestibular neurons. SV, LV, MV, and IV indicate superior, lateral, medial, and inferior vestibular nuclei, respectively. (From Sato F, Sasaki H: J Comp Neurol 333:554–566, 1993.) 

 

Figure 138-19 Different subdivisions of the vestibular nuclei in a cat showing their relationship to other brainstem structures. The cells in each section are also pictured at a higher magnification to illustrate the varying size of the neurons in 
different subdivisions. The cell group e from the work of Goldberg and Fern%andez[37] has been added to this figure. B.c., brachium conjunctivum; C.r., restiform body; D, descending (inferior) vestibular nucleus; e, small cell group 
containing vestibular efferent neurons; f, a ventrolateral caudal subdivision of the descending vestibular nucleus; I, subdivision of the descending vestibular nucleus containing medium-sized cells; L, lateral vestibular nucleus; M, medial 
vestibular nucleus; N.cu.e., external cuneate nucleus; N.f.c., nucleus fasciculus cuneatus; N.i.n.VIII, interstitial nucleus of the vestibular nerve; N.mes.V, mesencephalic nucleus of trigeminal nerve; N.pr.V, principal nucleus of trigeminal 
nerve; N.tr.s, nucleus of tractus solitarius; N.VI and N.VII, abducens nerve and facial nerve, respectively; Ol.s, superior olive; Ol.i, inferior olive; p.h., nucleus prepositus hypoglossi; S, superior vestibular nucleus; T, trapezoid body; Tr.s., 
tractus solitarius; Tr.sp.V, spinal tract of trigeminal nerve; Tr.sp.n.V, tract of spinal trigeminal nucleus; V, trigeminal motor nucleus; VI, abducens nucleus; X, dorsal motor nucleus of the vagus nerve; XII, hypoglossal nucleus; x, y and z, cell 
groups x, y, and z, respectively. (Slightly modified from Brodal and others: The vestibular nuclei and their connections, anatomy and functional correlations, Edinburgh, 1962, Oliver and Boyd.) 



 

Figure 138-20 A portion of the entire dendritic and axonal arborization of a single type I vestibular nuclear neuron that projects extensively to the contralateral abducens nucleus and other targets. (From Ohgaki T, Curthoys IS, Markham 
CH: Adv Oto-Rhino-Laryngol 41:14–19, 1988.) LVN, lateral vestibular nucleus; MVN, medial vestibular nucleus; ML, midline; MLF, medial longitudinal fasciculus; PH, nucleus prepositus hypoglossi; VI, abducens nucleus. 



 

Figure 138-21 Major projections of the vestibular commissural system. Note that although each nucleus tends to project to its opposite member, considerable divergence is also seen. Commissural connections of the perihypoglossal complex 
and y group are also illustrated. S, L, D, and M, Superior, lateral, descending (inferior), and medial vestibular nuclei, respectively; p.h, perihypoglossal complex; y, y group. (From Pompeiano and others: Arch Ital Biol 116:130–172, 1978.) 

 

Figure 138-22 Afferent pathways to the vestibular nuclei. (Schematic courtesy of Robert McCrea.) Details in text. 

 

Figure 138-23 Efferent connections of the vestibular nuclei. (Schematic courtesy of Robert McCrea.) Details in text. 



 
 
REFERENCES  
 
1. Abend WK: Response to constant angular accelerations of neurons in the monkey superior vestibular nucleus, Exp Brain Res 31:459–473, 1978.  
 
2. Anderson JH, Precht W, Pappas C: Changes in the vertical vestibulo-ocular reflex due to kainic acid lesions of the interstitial nucleus of Cajal, Neurosci Lett 14:259–64, 1979.  
 
3. Anniko M, Wroblewski R: Ionic environment of cochlear hair cells, Hear Res 22:279–293, 1986.  
 
4. Anson BJ: Developmental anatomy of the ear. In Paparella MM, Shumrick DA, editors: Otolaryngology, vol 1, Philadelphia, 1973, WB Saunders.  
 
5. Baird RA and others: The vestibular nerve of the chinchilla: II. relation between afferent response properties and peripheral innervation patterns in the semicircular canals, J Neurophysiol 60:182–203, 1988.  
 
6. Baker J and others: Optimal response planes and canal convergence in secondary neurons in vestibular nuclei of alert cats, Brain Res 294:133–137, 1984.  
 
7. Baker R, Mano N, Shimazu II: Postsynaptic potentials in abducens motoneurons induced by vestibular stimulation, Brain Res 15:577–580, 1969.  
 
8. Barmack NH and others: Vestibular primary afferent projection to the cerebellum of the rabbit, J Comp Neurol 327:521–534, 1993.  
 
9. Brodal A, Pompeiano O, Walberg H: The vestibular nuclei and their connections, anatomy and functional correlations, Edinburgh, 1962, Oliver and Boyd.  
 
10. Brodal A: Anatomy of the vestibular nuclei and their connections. In HH Kornhuber, editor: Handbook of sensory physiology, vol VI, part 2, New York, 1974, Springer-Verlag, pp 239–352.  
 
11. Büttner-Ennever, JA: A review of otolith pathways to brainstem and cerebellum. Ann N Y Acad Sci 871:51–64, 1999.  
 
12. Cannon SC, Robinson DA: Loss of the neural integrator of the oculomotor system from brain stem lesions in monkey, J Neurophysiol 57:1383–1409, 1987.  
 
13. Carleton SC, Carpenter MB: Distribution of primary vestibular fibers in the brainstem and cerebellum of the monkey, Brain Res 294:281–298, 1984.  
 
14. Carpenter MB, Cowie RJ: Connections and oculomotor projections of the superior vestibular nucleus and cell group 'y,' Brain Res 336:265–287, 1985.  
 
15. Cazin L, Magnin M, Lannou J: Non-cerebellar visual afferents to the vestibular nuclei involving the prepositus hypoglossal complex: an autoradiographic study in the rat, Exp Brain Res 48:309–313, 1982.  
 
16. Chen-Huang C, McCrea RA: Viewing distance related sensory processing in the ascending tract of Deiters vestibulo-ocular reflex pathway, J Vestib Res 8:175–184, 1998.  
 
17. Chen-Huang C, McCrea RA, Goldberg JM: Contributions of regularly- and irregularly-discharging vestibular-nerve inputs to the discharge of central vestibular neurons in the alert squirrel monkey, Exp Brain Res 114:405–22, 1997.  
 
18. Chouard CH: Acousticofacial anastomoses in Ménière's disorder, Arch Otolaryngol 101:296–300, 1975.  
 



19. Chubb MC, Fuchs AF, Scudder CA: Neuron activity in monkey vestibular nuclei during vertical vestibular stimulation and eye movements, J Neurophysiol 52:724–742, 1984.  
 
20. Duensing F, Schaefer K-P: Die Aktivität einzelner Neurone im Bereich der Vestibulariskerne bei Horizontalbeschleunigungen unter besonderer Berücksichtigung des vestibulären Nystagmus, Arch Psychiatr Nervenkr 198:225–252, 1958.  
 
21. Dohlmann GF: The attachment of the cupulae, otolith and tectorial membranes to the sensory cell areas, Acta Otolaryngol (Stockh) 71:89–105, 1971.  
 
22. Engstrom H, Bergstrom B, Ades HW: Macula utriculi and macula sacculi in the squirrel monkey, Acta Otolaryngol (Stockh) Suppl 301:75–126, 1972.  
 
23. Epema AH, Gerrits NM, Voogd J: Commissural and intrinsic connections of the vestibular nuclei in the rabbit: a retrograde labeling study, Exp Brain Res 71:129–146, 1988. 

3112

 
 
24. Epema AH, Gerrits NM, Voogd J: Secondary vestibulocerebellar mossy fiber projections to the flocculus and uvulonodular lobule in the rabbit: a study using HRP and double fluorescent tracer techniques, Exp Brain Res 80:72–82, 1990.  
 
25. Fernández C, Baird RA, Goldberg JM: The vestibular nerve of the chinchilla: I. Peripheral innervation patterns in the horizontal and superior semicircular canals, J Neurophysiol 60:167–181, 1988.  
 
26. Fernández C, Baird RA, Goldberg JM: The vestibular nerve of the chinchilla: III. Peripheral innervation patterns in the utricular macula, J Neurophysiol 63:767–780, 1990.  
 
27. Fernández C, Goldberg JM: Physiology of peripheral neurons innervating otolith organs of the squirrel monkey: I. Response to static tilts and to long-duration centrifugal force, J Neurophysiol 39:970–984, 1976a.  
 
28. Fernández C, Goldberg JM: Physiology of peripheral neurons innervating otolith organs of the squirrel monkey: II. Directional selectivity and force-response relations, J Neurophysiol 39:970–984, 1976b.  
 
29. Fernández C, Lysakowski A, Goldberg JM: Hair cell counts and afferent innervation patterns in the cristae ampullares of the squirrel monkey with a comparison to the chinchilla, J Neurophysiol 73:1253–1269, 1995.  
 
30. Fuchs AF, Kimm J: Unit activity in vestibular nucleus of the alert monkey during horizontal angular acceleration and eye movement, J Neurophysiol 38:1140–1161, 1975.  
 
31. Gacek RR: Location of brain stem neurons projecting to the oculomotor nucleus in the cat, Exp Neurol 57:725–749, 1977.  
 
32. Gacek RR: Location of abducens afferent neurons in the cat, Exp Neurol 64:342–353, 1979.  
 
33. Gerrits NM: Vestibular nuclear complex. In Paxinos G, editor: The human nervous system, San Diego, California, 1990, Academic Press, pp 863–888.  
 
34. Goldberg JM: Afferent diversity and the organization of central vestibular pathways, Exp Brain Res 130:277–97, 2000.  
 
35. Goldberg JM, Brichta AM, Wackym PA: Efferent vestibular system: anatomy, physiology and neurochemistry. In Anderson JH, Beitz AJ, editors: Neurochemistry of the vestibular system, Boca Raton, Florida, 2000, CRC Press, pp 61–94.  
 
36. Goldberg JM, Fernández C: Efferent vestibular system in the squirrel monkey: anatomical location and influence on afferent activity, J Neurophysiol 43:986–1025, 1980.  
 
37. Goldberg JM, Fernández C: The vestibular system. In Darian-Smith I, editor: Handbook of physiology: the nervous system, section I, vol III, part 2, Bethesda, Maryland, 1984, American Physiological Society, pp 977–1031.  
 
38. Goldberg JM and others: The vestibular nerve of the chinchilla: IV. Discharge properties of utricular afferents, J Neurophysiol 63:781–790, 1990a.  
 
39. Goldberg JM and others: The vestibular nerve of the chinchilla. V. Relation between afferent response properties and peripheral innervation patterns in the utricular macula, J Neurophysiol 63:791–804, 1990b.  
 
40. Hozawa K, Kimura RS: Vestibular sympathetic nervous system in guinea pig, Acta Otolaryngol (Stockh) 107:171–181, 1989.  
 
41. Hunter-Duvar IM, Hinojosa R: Vestibule: sensory epithelia. In Friedmann I, Ballantyne J, editors: Ultrastructural atlas of the inner ear, London, 1984, Butterworths.  
 
42. Igarashi M: Vestibular compensation: an overview, Acta Otolaryngol Suppl (Stockh) 406:78–82, 1984.  
 
43. Ito M: Cerebellar control of the vestibulo-ocular reflex around the flocculus hypothesis, Annu Rev Neurosci 5:275–296, 1982.  
 
44. Kato I and others: Role of the nucleus reticularis tegmenti pontis on visually induced eye movements, Exp Neurol 3:503–516, 1982.  
 
45. Kellerhals B: Periplymph production and cochlear blood flow, Acta Otolaryngol (Stockh) 87:370–374, 1979.  
 
46. Kevetter GA, Perachio AA: Distribution of vestibular afferents that innervate the sacculus and posterior canal in the gerbil, J Comp Neurol 254:410–424, 1986.  
 
47. Kimura RS: Experimental blockage of the endolymphatic duct and its effect on the inner ear of the guinea pig, Ann Otol Rhinol Laryngol 86:176–184, 1967.  
 
48. Kimura RS: Distribution, structure, and function of dark cells in the vestibular labyrinth, Ann Otol 78:542–561, 1969.  
 



49. King WM, Fuchs AF: Neuronal activity in the mesencephalon related to vertical eye movements. In Baker R, Berthoz A, editors: Control of gaze by brain stem neurons, vol 1, Amsterdam, 1977, Elsevier, pp 319–326.  
 
50. Klier EM and others: Midbrain control of three-dimensional head orientation, Science 295:1314–1316, 2002.  
 
51. Kotchabhakdi N and others: The vestibulothalamic projections in the cat studied by retrograde axonal-transport of horseradish-peroxidase, Exp Brain Res 40:405–418, 1980.  
 
52. Lang W, Beuttner-Ennever JA, Beuttner U: Vestibular projections to the monkey thalamus: an autoradiographic study, Brain Res 177:3–17, 1979.  
 
53. Langer T and others: Afferents to the flocculus of the cerebellum in the rhesus macaque as revealed by retrograde transport of horseradish peroxidase, J Comp Neurol 235:38–47, 1985a.  
 
54. Langer T and others: Floccular efferents in the rhesus monkey as revealed by autoradiography and horseradish peroxidase, J Comp Neurol 235:26–37, 1985b.  
 
55. Langer T and others: Afferents to the abducens nucleus in the monkey and cat, J Comp Neurol 245:379–400, 1986.  
 
56. Leonard CS, Simpson JI, Graf W: Spatial organization of visual messages of the rabbit's cerebellar flocculus: I. typology of inferior olive neurons of the dorsal cap of Kooy, J Neurophysiol 60:2073–2090, 1988.  
 
57. Lindemann HH: Studies on the morphology of the sensory regions of the vestibular apparatus, Ergeb Anat Entwicklungsgesch 42:1–113, 1969.  
 
58. Lindemann HH: The distribution of type I and type II cells in the cristae ampullares of the guinea pig, Acta Otolaryngol (Stockh) 92:315–321, 1981.  
 
59. Lisberger SG, Fuchs A: Role of primate flocculus during rapid behavioral modification of the vesibulo-ocular reflex: I. Purkinje cell activity during visually guided horizontal smooth-pursuit eye movements and passive head rotation, J Neurophysiol 41:733–763, 1978.  
 
60. Lisberger SG, Miles FA: Role of the primate vestibular nucleus in long-term adaptive plasticity of the vestibuloocular reflex, J Neurophysiol 43:1725–1745, 1980.  
 
61. Lorente de No, R: Anatomy of the eighth nerve: the central projection of the nerve endings of the internal ear, Larynoscope 43:1–38, 1933.  
 
62. Lowenstein O, Wersäll J: A functional interpretation of the electron-microscopic structure of the sensory hairs in the cristae of the elasmobranch Raja clavata in terms of directional sensitivity, Nature 184:1807–1808, 1959. 

3113

 
 
63. Lysakowski A: Synaptic organization of the crista ampullaris in vertebrates, Ann NY Acad Sci 781:164–182, 1996.  
 
64. Lysakowski A, Goldberg JM: A regional ultrastructural analysis of the cellular and synaptic architecture in the chinchilla cristae ampullares, J Comp Neurol 389:419–443, 1997.  
 
65. Lysakowski A and others: Physiological identification of morphologically distinct classes innervating the cristae ampullares of the squirrel monkey, J Neurophysiol 73:1270–1281, 1995.  
 
66. Magras IN, Voogd J: Distribution of the secondary vestibular fibers in the cerebellar cortex: an autoradiographic study in the cat, Acta Anat (Basel) 123:51–57, 1985.  
 
67. McCrea RA, Baker R: Anatomical connections of the nucleus prepositus of the cat, J Comp Neurol 237:377–407, 1985.  
 
68. McCrea RA and others: Anatomical and physiological characteristics of vestibular neurons mediating the horizontal vestibulo-ocular reflex of the squirrel monkey, J Comp Neurol 264:547–570, 1987a.  
 
69. McCrea RA, Strassman A, Highstein SM: Anatomical and physiological characteristics of vestibular neurons mediating the vertical vestibulo-ocular reflex of the squirrel monkey, J Comp Neurol 264:571–594, 1987b.  
 
70. Meada M: Neck influences on the vestibulo-ocular reflex arc and the vestibulo-cerebellum, Prog Brain Res 50:551–559, 1979.  
 
71. Medina JE, Drescher DG: The amino acid content of perilymph and cerebrospinal fluid from guinea pigs and the effect of noise on the amino-acid composition of perilymph, Neuroscience 6:505–509, 1981.  
 
72. Minor LB, McCrea RA, Goldberg JM: Collateral projections of medial vestibulospinal tract neurons to the extraocular motor nuclei in the squirrel monkey, Exp Brain Res 83:9–21, 1990.  
 
73. Money KE and others: Physical properties of fluids and structures of vestibular apparatus of the pigeon, Am J Physiol 220:140–147, 1971.  
 
74. Ohgaki T, Curthoys IS, Markham CH: HRP morphology of functionally identified vestibular typeI neurons in the cat. In Pirroda E, Pompeiano O, editors: Advances in oto-rhinol-aryngol, vol 41: Neurophysiology of the Vestibular System, Basel, 1988, Karger, pp 14–19.  
 
75. O'Rahilly R: The early development of the otic vesicle in staged human embryos, J Embryol Exp Morphol 11:741–755, 1963.  
 
76. Pompeiano O, Brodal A: The origin of vestibulospinal fibres in the cat: an experimental study, with comments on the descending medial longitudinal fasciulus, Arch Ital Biol 95:166–195, 1957.  
 
77. Pompeiano O, Walberg F: Descending connections to the vestibular nuclei: an experimental study in the cat, J Comp Neurol 108:465–504, 1957.  
 
78. Pompeiano O, Mergner T, Corvaja N: Commissural, perihypoglossal and reticular afferent projections to the vestibular nuclei in the cat: an experimental anatomical study with the method of retrograde transport of horseradish peroxidase, Arch Ital Biol 116:130–172, 1978.  
 
79. Pompeiano O and others: Response characteristics of different size vestibulospinal neurons to roll tilt of the animal and neck rotation in decerebrate cats with the cerebellum intact, Arch Otorhinolaryngol 41:127–133, 1988.  



 
80. Post JC: Molecular biology in pediatric otolaryngology. In Bluestone CD and others, editors: Pediatric otolaryngology, ed 4, Philadelphia, 2003, WB Saunders.  
 
81. Purcell IM, Perachio AA: Three-dimensional analysis of vestibular efferent neurons innervating semicircular canals of the gerbil, J Neurophysiol 78:3234–3248, 1997.  
 
82. Ross MD, Pote KG, Perini F: Analytical studies of the organic material of otoconial complexes, including its amino acid and carbonate composition. In Drescher DG, editor: Auditory biochemistry, Springfield, Illinois, 1985, Charles C Thomas, pp 500–514.  
 
83. Salt A: Dynamics of the inner ear fluids. In Jahn AJ, Santos-Sacchi J, editors: Physiology of the ear, ed 2, San Diego, California, 2001, Singular/Thomson Learning Publ.  
 
84. Sans A, Deschesne CJ: Early development of vestibular receptors in human embryos: an electron microscopic study, Acta Otolaryngol (Stockh) Suppl 423:51–58, 1985.  
 
85. Sans A, Deschesne CJ: Afferent nerve ending development and synaptogenesis in the vestibular epithelium of human fetuses, Hear Res 28:65–72, 1987.  
 
86. Sato F, Sasaki H: Morphological correlations between spontaneously discharging primary vestibular afferents and vestibular nucleus neurons in the cat, J Comp Neurol 333:554–566, 1993.  
 
87. Schiebe F, Haupt H: Biochemical differences between perilymph, cerebrospinal fluid and blood plasma in the guinea pig, Hear Res 17:61–66, 1985.  
 
88. Schneider EA: A contribution to the physiology of the perilymph: I. the origins of the perilymph, Ann Otol Rhinol Laryngol 83:76–83, 1974.  
 
89. Scudder CA, Fuchs AF: Physiological and behavioral identification of vestibular nucleus neurons mediating the horizontal vestibulo-ocular reflex in trained rhesus monkeys, J Neurophysiol 68:244–264, 1992.  
 
90. Shimazu H, Precht W: Inhibition of central vestibular neurons from the contralateral labyrinth and its mediating pathway, J Neurophysiol 29:467–492, 1966.  
 
91. Smith CA, Lowry OH, Wu ML: The electrolytes of the labyrinthine fluids, Laryngoscope 64:141–153, 1954.  
 
92. Spicer SS, Schulte BA, Adams JC: Immunolocalization of Na+/K+-ATPase and carbonic anhydrase in the gerbil's vestibular system, Hear Res 43:205–217, 1990.  
 
93. Stampacchia G and others: Convergence of neck and macular vestibular inputs on vestibulospinal neurons projecting to the lumbosacral segments of the spinal cord, Arch Ital Biol 125:201–224, 1987.  
 
94. Steinhausen W: Uber die Beobachtung der Cupula in den Bogengansampullen des Labyrinths des lebenden Hechts, Pfluegers Arch 232:500–512, 1933.  
 
95. Sterkers O: Origin and electrochemical composition of endolymph in the cochlea. In Drescher DG, editor: Auditory biochemistry, Springfield, Illinois, 1985, Charles C Thomas.  
 
96. Strassman A, Highstein SM, McCrea RA: Anatomy and physiology of saccadic burst neurons in the alert squirrel monkey: II. inhibitory burst neurons, J Comp Neurol 249:358–380, 1986.  
 
97. Thalmann R: Metabolic features of auditory and vestibular systems, Laryngoscope 81:1245–1260, 1971.  
 
98. Tomlinson RD, Robinson DA: Signals in vestibular nucleus mediating vertical eye movements in the monkey, J Neurophysiol 51:1121–1136, 1984.  
 
99. Tsai AC-H, Stool SE, Post JC: Phylogenetic aspects and embryology. In Bluestone CD and others, editors: Pediatric otolaryngology, ed 4, Philadelphia, 2003, WB Saunders.  
 
100. Voogd J: The cerebellum of the cat: structure and fiber connections, Assen, 1964, Van Gorcum.  
 
101. Voogd J, Glickstein M: The anatomy of the cerebellum, Trends Neurosci, 21:370–375, 1998.  
 
102. Waespe W, Cohen B, Raphan T: Role of the flocculus and paraflocculus in optokinetic nystagmus and visualvestibular interactions: effects of lesions, Exp Brain Res 50:9–33, 1983. 

3114

 
 
103. Waespe W, Henn V: Motion information in the vestibular nuclei of alert monkeys: visual and vestibular input vs. optomotor output, Prog Brain Res 50:683–693, 1979.  
 
104. Wende S, Nakayama N, Schwerdtfeger P: The internal auditory artery (embryology, anatomy, angiography, pathology), J Neurol 210:21–31, 1975.  
 
105. Werner CF: Die Differenzierung der Maculae im Labyrinth, insbesondere bei Säugetieren, Z Anat Entwickl-Gesch 99:696–709, 1933.  
 
106. Wilson VJ, Felpel LP: Specificity of semicircular canal input to neurons in the pigeon vestibular nuclei, J Neurophysiol 35:253–264, 1972.  
 
107. Wilson VJ, Melville-Jones G: Mammalian vestibular physiology, New York, Plenum Press, 1979.  
 
108. Wilson VJ, Peterson BW: Peripheral and central substrates of vestibulospinal reflexes, Physiol Rev, 58:80–105, 1978.  
 
109. Wright A: Anatomy and ultrastructure of the human ear. In Scott-Brown's Otolaryngology, ed 6, vol I, Oxford, 1997, Butterworth-Heinemann.  
 



3115

Chapter 139 - PRINCIPLES OF APPLIED VESTIBULAR PHYSIOLOGY

John P. Carey 
Charles Della Santina 

INTRODUCTION

Understanding the physiology of the vestibular system seems at first a daunting task. A deep understanding of the system requires the study of fluid dynamics; physiochemical principles governing hair cell transduction; electrochemical 
models of ion channel physiology; the complex interconnections between the vestibular nuclei, cerebellum, and higher centers; and an understanding of control systems engineering to describe the input-output characteristics of the system. 
While this chapter will touch on these subjects, it will not make the reader an expert in these areas. Several reviews can be consulted for further explanations.[6] [60] [82] [138] 

Instead, this chapter approaches the vestibular system with the goal of providing a basis for the reader to understand the evaluation and management of vestibular disorders described in subsequent chapters. A core set of organizing principles 
( Box 139-1 ) can help novices quickly understand the findings of the vestibular exam and precisely localize peripheral vestibular problems to the affected end organs. This chapter is organized around these principles, delving into the 
physiologic underpinnings of each and illustrating their importance in clinical findings where appropriate.

PRINCIPLES

Principle 1: The Vestibular System Primarily Drives Reflexes to Maintain Stable Vision and Posture

Anatomic and Physiologic Basis

The vestibular system's main function is to sense head movements, especially involuntary ones, and counter them with reflexive eye movements and postural adjustments that keep the visual world stable and
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keep us from falling. The labyrinth of the inner ear senses head rotation and linear acceleration and sends that information to secondary vestibular neurons in the brainstem vestibular nuclei. Secondary vestibular neuron signals diverge to 
other areas of the central nervous system to drive vestibular reflexes. Specifically, neurons encoding head movement form synapses within the ocular motor nuclei to elicit the patterns of extraocular muscle contraction and relaxation needed 
for the vestibulo-ocular reflex (VOR), which stabilizes gaze (eye position in space). Other secondary vestibular neurons synapse on cervical spinal motor neurons to generate the vestibulo-colic reflex (VCR) or to lower spinal motor neurons 
to generate the vestibulo-spinal reflexes (VSR). These reflexes stabilize posture and facilitate gait. Vestibular sensory input to autonomic centers, particularly information about posture with respect to gravity, is used to adjust hemodynamic 
reflexes to maintain cerebral perfusion. Finally, vestibular input to the cerebellum is essential for coordination and adaptation of vestibular reflexes when changes occur, such as injury to a vestibular end organ or alteration in vision (e.g., a 
new pair of glasses).

 
 

Box 139-1. LIST OF PRINCIPLES

Principle 1: The vestibular system primarily drives reflexes to maintain stable vision and posture. 
 
Principle 2: By modulating the non-zero baseline firing of vestibular afferent nerve fibers, semicircular canals 
encode rotation of the head, and otolith organs encode linear acceleration and tilt. 
 
Principle 3: Stimulation of a semicircular canal produces eye movements in the plane of that canal. 
 
Principle 4: A semicircular canal is normally excited by rotation in the plane of the canal bringing the head 
toward the ipsilateral side. 
 
Principle 5: Any stimulus that excites a semicircular canal's afferents will be interpreted as excitatory rotation in 
the plane of that canal. 
 
Principle 6: For high accelerations, head rotation in the excitatory direction of a canal elicits a greater response 
than does the same rotation in the inhibitory direction. 
 
Principle 7: The response to simultaneous canal stimuli is approximately the sum of the responses to each 
stimulus alone. 
 



Principle 8: Nystagmus due to dysfunction of semicircular canals has a fixed axis and direction with respect to the 
head. 
 
Principle 9: Brainstem circuitry boosts low-frequency VOR performance through "velocity storage" and "neural 
integration." 
 
Principle 10: The utricle senses both head tilt and translation, but loss of unilateral utricular function is interpreted 
by the brain as a head tilt toward the opposite side. 
 
Principle 11: Sudden changes in saccular activity evoke changes in postural tone. 
 
Principle 12: The normal vestibular system can rapidly adjust the vestibular reflexes according to the context, but 
adaptation to unilateral loss of vestibular function may be slow and susceptible to decompensation. 
 

 
 
Vestibular signals also reach cortical areas to mediate the perception of movement and orientation. Nevertheless, the common head movements of everyday life usually go unnoticed, which is why vestibular sensation is not included among 
the vernacular five senses—sight, smell, taste, touch, and hearing. Yet the loss of vestibular sensation causes distinct and often severe symptoms. This distress was perhaps best captured in the firsthand account of JC, a physician who lost his 
vestibular sense to an ototoxic aminoglycoside antibiotic: "By bracing my head between two of the metal bars at the head of the bed I found I could minimize the effect of the pulse beat that made the letters on the page jump and blur... In 
these corridors I had the peculiar sensation that I was inside a flexible tube, fixed at the end nearest me but swaying free at the far end."[19] Like many other patients who have lost vestibular function, JC soon "recovered" and resumed most of 
his usual activities without the distressing sense of oscillopsia, the perception that the world is moving whenever the head is moved. This recovery is a result of a combination of central adaptation to abnormal vestibular signals and the use of 
information from other sensory systems that provide information about movement and posture. For example, somatosensory information from proprioceptive sensors in the limbs contributes to the sense of vertical body orientation.[66] 
Proprioceptors in the neck mediate a cervico-ocular reflex that can augment the deficient VOR.[17] [121] Likewise, postural information may be supplied by gravity receptors in the major blood vessels and abdominal viscera.[134] Because head 
movements may be also sensed by their impact on the retinal image, vision-based oculomotor systems (smooth pursuit and optokinetic nystagmus) can partly supplant a deficient VOR. For example, smooth pursuit is a type of reflexive eye 
movement that helps to stabilize images on the retina. During smooth pursuit, movement of a target image on the retina causes a conjugate following movement of the eyes to keep the target fixed on the fovea. The stimulus for this reflex is 
the difference between the velocity of the visual target and the velocity of the eye, which is called retinal slip velocity. This visual error is computed by the primary visual cortex—transmitted to the middle temporal, parietal, and frontal 
cortices—and forwarded to the brainstem and cerebellum to generate the oculomotor command signals. The multiple synapses involved in this reflex impose a long latency (approximately 100 msec), and the reflex breaks down at relatively 
modest velocities (more than approximately 50 degrees/sec)[133] and frequencies (more than approximately 1 Hz).[95] Optokinetic nystagmus, which elicits eye rotation in response to optic flow of the visual scene, operates over a range of 
velocities and frequencies similar to smooth pursuit.[122] These limitations make the smooth pursuit reflex inadequate to stabilize vision during many common head movements. For example, the head pitches up and down at a frequency of 
approximately 2 Hz and velocity of approximately 90 degrees/sec during walking, while during running head pitch harmonics may extend to 15 to 20 Hz. Voluntary head-on-body horizontal rotations can reach 800 degrees/sec and can also 
have significant harmonics to 15 to 20 Hz. [58] 

The limitations of smooth pursuit and optokinetic nystagmus illustrate the important concept that reflexive sensorimotor systems have optimal operating ranges. Smooth visual pursuit functions best for low-frequency and slow head 
movements. Autonomic gravity receptors function best for static and very low-frequency conditions. These and other reflexes overlap with the vestibular system for part of its operating range, but nonvestibular systems largely break down 
during quick head movements. The VOR is essential for gaze-stabilization during high-frequency, high-velocity, and high-acceleration head movements.

Clinical Importance

The reflexive nature of the vestibular system is central to understanding vestibular pathophysiology. The brainstem interprets imbalances in vestibular input resulting from pathological processes in the same way that it interprets imbalances 
resulting from physiological stimuli. Therefore, the cardinal signs of vestibular disorders are reflexive eye movements and postural
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changes. These reflexive signs can largely be understood as the brainstem's responses to perceived rotation around a specific axis or tilt of the head towards one side, even though the head is still and upright. Knowing the effective stimuli for 
each vestibular end organ allows one to determine which end organ or combination of end organs must be stimulated to produce the observed motor output. Working backward in this fashion, the end organs affected by pathology can usually 
be inferred.

When interpreting reflexive eye movements and postural changes in the search for vestibular dysfunction, one must bear in mind that vestibular reflexes might only be observed in isolation under certain conditions. For many conditions, in 
fact, other reflexive systems can compensate for the loss of vestibular reflexes and make it appear that there is no deficit. For example, a patient with well-compensated, long-standing bilateral loss of vestibular function may surprisingly 
appear to have no problem keeping vision fixed on the examiner as the examiner rotates the patient's head slowly from side to side. In such individuals, smooth pursuit, optokinetic nystagmus, and (to a lesser extent) the cervico-ocular reflex 
make up 

 
Figure 139-1 The vestibular end organs. (From Brodel M: Three unpublished drawings of the anatomy of the human ear, Philadelphia, WB Saunders, 1946.) 



 

Figure 139-2 A, The cupula spans the lumen of the ampulla from the crista to the membranous labyrinth. B, Head acceleration exceeds endolymph acceleration. The relative flow of endolymph in the canal is therefore opposite to the 
direction of head acceleration. This flow produces a pressure across the elastic cupula, which deflects in response. 

 

Figure 139-3 Sensory transduction by vestibular hair cells. A, At rest there is some baseline release of excitatory glutamate from the hair cell synapses onto the vestibular afferents. B, Hair cells are depolarized when the stereocilia are 
deflected in the "on" direction (toward the kinocilium in black). C, This occurs because the stretched tip links mechanically open cationic channels in the stereociliary membranes. The influx of potassium ions raises the hair cell's membrane 
potential. D, The increased membrane potential activates voltage-sensitive calcium channels in the basolateral membrane of the cell. Synaptic release of glutamate increases, and receptors in the post-synaptic density (psd) on the afferent 
increase its membrane potential, which in turn increases afferent firing rate. 



 

Figure 139-4 Morphological polarization of the stereociliary bundles in the crista ampullaris. The "on" direction of deflection is always toward the kinocilium, which is next to the tallest stereocilium. Hair cells on the crista ampullaris of a 
given semicircular canal have all their stereocilia polarized in the same direction. 

 

Figure 139-5 Arrangement of otoliths in the two maculae. A, Saccule. B, Utricle. C, Composition of the saccular otoconial membrane in a section taken at the level shown in A. From Paparella MM, Shumrick DA, editors: Textbook of 
Otolaryngology, vol 1, Philadelphia, WB Saunders, 1980. 

 
 
∑T = Telastic + Tviscous = I¨X(t). Equation 139-1 



 
Equation 139-1 says that the sum of the elastic and viscous torques T act on the moment of inertia I of the endolymph and cupula to accelerate the endolymph through space by ¨X(t). (Dots denote time derivatives, so X(t), •X(t), ¨X(t) and are 
endolymph rotational position, velocity, and acceleration, respectively.)

The elastic torque exerted by the cupula is proportional to the deflection of the cupula (dark gray in Figure 139-9 ) from its resting position (light gray in Figure 139-9 ). That deflection is given by the difference between how far the head 
moves in space and how far the endolymph moves in space: 
 
Θ(t) = H(t) − X(t). Equation 139-2 
 
Thus, the elastic torque is 
 
Telastic = KΘ(t). Equation 139-3 
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Figure 139-6 Morphological polarizations of the stereociliary bundles in the maculae of the (A) utricle and (B) saccule. The "on" direction of stereo ciliary deflection is indicated by the arrows. In the utricle (A) hair cells are excited by 
stereo ciliary deflection toward the striola (curving central zone). In the saccule (B) hair cells are excited by stereo ciliary deflection away from the striola. 

 
 

(t) = •H(t) − •X(t). Equation 139-4 
 
Therefore, 
 
Tviscous = B (t). Equation 139-5 
 
Finally, to get endolymph acceleration, •X(t), we differentiate Equation 139-2 and rewrite it as: 
 
¨X(t) = ¨H(t) − (t). Equation 139-6 
 
Now Equation 139-1 can be written as: 



 
KΘ(t) + B (t) = I¨H(t) − I (t). Equation 139-7 
 
The movement of the cupula can now be described as a function of head acceleration: 
 
KΘ(t) + B (t) + I (t) = I¨H(t) Equation 139-8 
 
The full solution to Equation 139-8 is derived in the Appendix, but considerable insights can be gained without the full solution simply by inserting measured values for the physical constants in Equation 139-8 and considering the behavior 
under special circumstances.

For example, during a constant, low-acceleration head rotation ( Figure 139-10, A ) cupular deflection eventually reaches a steady state constant value. Because cupular velocity and acceleration come to zero under these circumstances, 
Equation 139-8 reduces to 
 
KΘ(t) ≅ I¨H(t) Equation 139-9 
 
and cupular deflection (and afferent firing rate) is approximately proportional to head acceleration. The time course of cupular displacement in response to a constant acceleration approximates a single exponential growth, and the time 
constant with which cupular displacement reaches its maximum deflection is about 10 sec, the time constant of the cupula (see Appendix). When the constant acceleration stops, the cupula returns to its zero position exponentially with the 
same time constant.

The same time constant governs the cupular response to very brief pulses of head acceleration. Figure 139-10, B shows the predicted cupular deflection to an impulse of acceleration, which brings the head to a constant velocity plateau until 
an impulse of deceleration stops the rotation. Such "velocity steps" are often done as part of clinical rotary chair tests. However, the measured value of the time constant of the VOR in such testing is generally much longer than what would 
be anticipated by this calculated cupular response because of further processing by the brain (see Principle 9 later in this chapter).

During sinusoidal head rotations in the range encompassing most natural head movements (about 0.1–15.0 Hz), viscous friction dominates the cupular response, and Equation 139-8 reduces to 
 
B (t) ≅ I¨H(t) Equation 139-10 
 
This implies that 
 
 

 
 
 
so that cupular deflection is proportional to head velocity. This is demonstrated in Figure 139-10, C . Note that the cupula's predicted response is not in phase with
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Figure 139-7 Estimated patterns of excitation and inhibition for the left utricle and saccule when the head is (A) tilted with the right ear 30 degrees down, (B) upright, and (C) tilted with the left ear 30 degrees down. The utricle is seen from 
above, and the saccule from the left side. The background color represents baseline activity, while black and white represent depolarization and hyperpolarization, respectively. Modified from Jaeger, Takagi, and Haslwanter. [73]  



 

Figure 139-8 A vestibular afferent nerve fires actively at rest (center). Its firing rate is modulated by sensory transduction. The afferent is inhibited when its hair cells' stereocilia are deflected in the "off" direction (away from the kinocilium, 
in black left panel) and excited when the stereocilia are deflected in the "on" direction (toward the kinocilium, right panel). 

 

Figure 139-9 The torsional pendulum model of the mechanical forces acting on the cupula and endolymph of the left horizontal canal during leftward angular head acceleration as seen from above. As the head rotates through space over an 
angle H, endolymph inside the canal also rotates through space, but over a slightly smaller angle X. The difference between the angles through which the head and endolymph rotate in space is Θ, which approximates the angular deflection of 
the cupula. This creates an elastic torque proportional to the deflection: Telastic = KΘ. A viscous or drag torque is produced by the flow of endolymph along the walls of the canal and is proportional to the endolymph velocity relative to the 

canal: Tviscous = B . The sum of these torques will equal the moment of inertia of the cupula and endolymph times their acceleration: KΘ + B  = I¨X = I¨H − I . 



 

Figure 139-10 Patterns of cupular displacement in response to rotational head movements as predicted by the torsional pendulum model. A, A step of constant head acceleration (gray tracing) results in a constant cupular deflection (black) 
after an exponential increase in deflection with a time constant of about 10s. B, A step of constant velocity is produced by an impulse of acceleration in one direction followed by an impulse of deceleration in the opposite direction. 
(Acceleration impulses are shown in gray.) The cupula is transiently displaced, returning to its resting position with a decay time constant of about 10s. C, Sinusoidal acceleration of the head (gray) yields a response (black) in phase with 
head velocity. 

 

Figure 139-11 Morphology of mammalian vestibular afferents as revealed by horseradish peroxidase labeling of individual units in the chinchilla. A, Calyx fiber innervating a single type I hair cell. B, Calyx fiber innervating two Type I hair 
cells. C through G, Dimorphic fibers innervate both Type I and II hair cells. H, Bouton fiber. Inset: Locations of these afferents are placed on a standard map of the crista. Right, Three standard maps of the cristae divided into concentrically 
arranged central, intermediate, and peripheral zones of equal areas. Shown are the locations of calyx, dimorphic, and bouton fibers with each symbol (•) representing a single dye-filled fiber. Dimorphic units make up 70% of the population, 
bouton units 20%, and calyx units 10%. From Fernandez, Baird, and Goldberg.[38]  



 

Figure 139-12 Regular (A) and irregular (B) discharge patterns in the spike trains recorded from two afferents from the superior canal crista in the squirrel monkey. From Goldberg and Fernandez.[52]  

 

Figure 139-13 The stochastic afterhyperpolarization (AHP) model of repetitive discharge in vestibular afferents.[124] 0, Resting potential, VT , Threshold for spike generation. Two model units are shown with their mean interspike trajectories 
(dotted lines). A, The unit at the top has a regular discharge because of its deep and slow AHP and relatively small miniature excitatory post-synaptic potentials (EPSPs). B, The bottom unit is irregular as its AHP is shallow and fast and its 
miniature EPSPs somewhat larger than those in A. Note that regular discharge is associated with the mean trajectory eventually crossing VT at regular intervals. For the irregular discharge, the mean trajectory does not cross VT , and the actual 
membrane potential only crosses VT when sufficient EPSPs are added to the mean trajectory. As a result, the timing of spikes in the regular unit is largely determined by the mean trajectory, whereas timing for the irregular unit's spikes is 
largely determined by synaptic noise. From Smith and Goldberg.[124]  



 

Figure 139-14 Orientation of the semicircular canals. A, When the head is upright, the horizontal canal (or lateral canal, LC) is tilted approximately 20 to 30 degrees upward from the horizontal plane at its anterior end. B, The vertical canals 
are oriented in planes roughly 45 degrees from the midsagittal plane. The right anterior canal (AC) and left posterior canal (PC) lie in the same plane, the RALP plane. The left anterior and right posterior canals lie in the LARP plane. From 
Barber HO, Stockwell CW: Manual of electronystagmography, St Louis, Mosby, 1976. 

 

Figure 139-15 Neural connections in the direct pathway for the VOR from excitation of the left horizontal canal (left HC). As seen from above, a counterclockwise head rotation (head) produces relative endolymph flow in the left HC that is 
clockwise and toward the utricle. (Note: In Figure 139-9 , the endolymph flow was depicted with respect to space, not the head. Here, endolymph flow is shown relative to the head, and thus opposite in direction to what was shown in Figure 
139-9 .) The cupular deflection excites the hair cells in the left HC ampulla, and the firing rate in the afferents increases (inset). Excitatory interneurons in the vestibular nuclei (vest. N.) connect to motor neurons for the medial rectus muscle 
in the ipsilateral IIIrd nucleus (III) and lateral rectus muscle in the contralateral VIth nucleus (VI). Firing rates for these motor neurons increase (bar graphs). The respective muscles contract and pull the eyes clockwise—opposite the head—
during the slow phases of nystagmus. Inhibitory interneurons in the vestibular nuclei connect to motor neurons for the ipsilateral lateral rectus and contralateral medial rectus. Their firing rates decrease (bar graphs), and these antagonist 
muscles relax to augment the eye movement. 



 

Figure 139-16 Complementary neural connections in the direct pathway for the VOR from inhibition of the right horizontal canal (right HC). As seen from above, a counterclockwise head rotation (head) again produces relative endolymph 
flow that is clockwise in the canal. However, for the right HC this flow is away from the utricle. The cupular deflection inhibits the hair cells in the right HC ampulla, and the firing rate in the afferents decreases (inset). Inhibitory 
interneurons in the vestibular nuclei (vest. N.) reverse this inhibition, sending further excitatory signals (bar graphs) to the motor neurons for the medial rectus muscle in the left third nucleus (III) and lateral rectus muscle in the right Vlth 
nucleus (VI). The contraction of these muscles is augmented. Simultaneously, excitatory interneurons (open symbols) in the vestibular nuclei (vest. N.) preserve and convey inhibition (bar graphs) to motor neurons for the lateral rectus 
muscle in the left sixth nucleus (VI) and medial rectus muscle in the right IIIrd nucleus (III). The inhibitory signals further relax these antagonist muscles. 

 

Figure 139-17 The left-anterior-right-posterior plane aligns with the pulling directions of the left superior rectus (SR) and inferior rectus (IR) muscles, as well as the right superior oblique (SO) and inferior oblique (IO) muscles. As indicated 
by the shading, excitation of the left anterior canal (and inhibition of the right posterior canal) causes contraction of the left superior rectus and right inferior oblique muscles, and relaxation of the darker-shaded antagonists. The result will be 
an upward movement of the eyes in the left-anterior-right-posterior plane. Excitation of the right posterior canal will produce the opposite effect. 



 

Figure 139-18 Excitation of the left posterior canal (PC) by moving canaliths in benign paroxysmal postioning vertigo (PC-BPPV) causes slow phase eye movements downward in the plane of the affected PC. The eyes rotate around an axis 
parallel to the one going through the center of the affected PC. A, When gaze is directed perpendicular to the axis of eye rotation, the pupil appears to move up and down in an eye-fixed reference frame. B, When gaze is directed parallel to 
the axis of eye rotation, the pupil appears to move torsionally in an eye-fixed reference frame. In either case, the eyes rotate around the same axis when considered in a canal-fixed frame of reference. 

 

Figure 139-19 A, In superior canal dehiscence syndrome, sound waves can excite the superior canal because the "third mobile window" created by the dehiscence allows some sound pressure to be dissipated along a route through the 
superior canal in addition to the conventional route through the cochlea. B, Computed tomography scan demonstrating dehiscence (arrows) of the superior canal. Illustration courtesy of Dr. B. Dunham. 

 



Figure 139-20 Excitation-inhibition asymmetry in the receptor potential of saccular hair cells from the bullfrog. Deflection of stereocilia in the on direction produces a larger change in receptor potential than does a comparable deflection in 
the off direction. From Hudspeth and Corey.[69]  

 

Figure 139-21 Results of head thrust testing of the angular vestibulo-ocular reflexes (aVORs) in a subject after unilateral labyrinthectomy. The examiner manually rotated the subject's head in one of the canal planes during each trial. The 
subject was instructed to keep his gaze fixed on a small stationary visual target 1.2 m directly in front of him. Eye and head velocities were measured with magnetic search coils. [22] Each panel shows data for 8 to 15 trials exciting one canal. 
For example, the top left panel contains data for rotations in the plane of the horizontal canals toward the side of the labyrinthectomy. Head velocity traces are shown in gray, and eye velocity traces are shown in black. For ease of 
comparison, all velocities are shown as positive values. Gain of the aVOR was defined as the peak eye velocity/peak head velocity during a 30 millisecond window leading up to the peak head velocity. The gain (mean ± s.d.) for the 
respective canal is given in the upper right corner of each panel. Note that head thrusts that excited the canals on the normal side were accompanied by nearly compensatory eye movements. In contrast, head thrusts toward the 
labyrinthectomy side generated very minimal aVORs in the period up to peak head velocity. After about 90 milliseconds, the visual system registered the retinal slip and triggered a visually-guided eye movement (arrow) to reset gaze on the 
target. 

 

Figure 139-22 In the clinical version of the head thrust test, the examiner asks the subject to fix his gaze on the examiner's nose. The examiner rapidly turns the subject's head, but only about 10 to 15 degrees; larger angles of rotation are 
unnecessary and may risk injury to the neck. The acceleration must be ≥ 3000 degrees/sec2 , and the peak velocity must be 150 to 300 degrees/sec, meaning that the rotation must be finished in 150 milliseconds. A through C show a head 
thrust to the left, exciting the left horizontal canal (HC). The eyes stay on the examiner's nose throughout the maneuver, indicating normal left HC function. D through F show a head thrust to the right, exciting the right HC. The eyes do not 
stay on target, but move with the head during the head thrust (D through E). A refixation saccade brings the eyes back on target after completion of the head movement (F). This is a "positive" head thrust sign for the right HC, indicating 
hypofunction of that canal. 



 

Figure 139-23 Results of head thrust testing of the angular vestibulo-ocular reflexes (aVOR) in a subject with right superior semicircular canal dehiscence. Data are presented in the format described in Figure 139-21 . Note the isolated loss 
of function in the right superior canal (SC). This loss of rotary sensory function is presumably attributed to complete occlusion of the membranous canal by the brain and dura herniating into the lumen of the canal as shown on the computed 
tomography scan (inset). 

 

Figure 139-24 Vector representation of head velocity acting to stimulate the individual semicircular canals. A, The right-hand rule. The vector describing a rotation is oriented along the axis of rotation, pointing in the direction that the thumb 
of the right hand would point if the fingers wrapped around the axis and pointed in the direction of rotation. The magnitude of the vector represents a measure the rotation, either angular displacement or velocity. B, The sensitivity axis of the 
left superior canal (SC) lies perpendicular to the plane of that canal. Excitatory head rotation in that plane down and toward the left is depicted by a vector along the sensitivity axis. C and D, The sensitivity axes of the horizontal canals (HCs) 



and posterior canals (PCs), each with a vector denoting the rotation that maximally excites it. E, The contribution of each canal in response to an upright horizontal head rotation to the left (red vector). The bulk of the head velocity acts on 
the HC as shown by the projection (in green) along its sensitivity axis. The HC it is not truly horizontal in this condition. Consequently, the rotation also acts on the SC (yellow vector) and posterior canal PC (magenta vector). The SC 
receives a small excitatory stimulus. But note that the projection onto the PC's sensitivity axis is in its negative direction, meaning that the PC is inhibited under these circumstances. 

 

Figure 139-25 Nystagmus slow phases observed for excitation of individual semicircular canals. In the bottom row of each panel, shading indicates the excited canal(s)—left anterior (LA), horizontal (LH), and posterior (LP) canals. In the 
middle row, a cartoon of the extraocular muscles depicts which muscles are activated—lateral rectus (LR), medial rectus (MR), superior rectus (SR), inferior rectus (IR), superior oblique (SO), and inferior oblique (IO). (Darker shading 
indicates stronger activation.) In the top row, the resultant yaw, pitch, or roll eye movements are indicated. A, Excitation of the LH canal causes rightward slow phases due mainly to strong activation of right LR and left MR. B, Excitation of 
the LA canal causes upward/clockwise (from patient's perspective) slow phases, due to combined action of the right IO and SR and the left SO and SR. C, Excitation of the LP canal causes downward/clockwise (from patient's perspective) 
slow phases, due to combined action of the right IO and IR and the left SO and IR. D, Equal stimulation of LH and RH canals elicits antagonistic contraction of MR and LR bilaterally, yielding no nystagmus. E, Combined equal excitation of 
LA and LP canals excites muscle activity that is the sum of each canal's individual effect; upward and downward pulls cancel, resulting in a purely clockwise nystagmus. F, Combined equal excitation of all three left canals causes a right 
clockwise slow phase, the expected result of summing activity for each individual canal. Adjusted to human head frame of reference. Adapted from Cohen, Suzuki, and Bender.[28]  

 
 
firing rate = kE(t) + r•(t) Equation 139-12 



 
When making a horizontal saccade, for example, a velocity command is generated by an excitatory burst neuron in the paramedian pontine reticular formation ( Figure 139-26 ). This command is a pulse of neural activity, which is sent via a 
direct path to the abducens and oculomotor nuclei. Alone, the command would only provide the term proportional to desired eye velocity, and the eye would slide back to its neutral position in the orbit without the ongoing pull from
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Figure 139-26 The motor command for the saccade originates in the paramedian pontine reticular formation (PPRF) as a pulse of neural firing. This activity is transmitted via a direct path to the ocular motor nuclei as a pulse. The pulse is 
also integrated into a step of neural discharge and transmitted to the ocular motor nuclei via an indirect path. The final motor signal is thus a pulse-step combination, which is what is required by the dynamics of the eye muscles. 

 

Figure 139-27 Signals from the canals also pass through direct and indirect pathways to the ocular motor nuclei. The direct excitatory pathway for the horizontal VOR is presented in detail in Figure 139-15 . The indirect pathway through the 
velocity-to-position integrator provides the final ocular motor signal with a component proportional to eye position. 



 

Figure 139-28 Pre- and post-rotatory nystagmus in a monkey in response to a step of head velocity to 50 degrees/sec. While the chair continues to rotate at 50 degrees/sec constant velocity, the initial nystagmus decays more slowly than 
would be predicted based on the cupula's time constant. After the chair rotation stops, the nystagmus appears again, but in the opposite direction. This after-nystagmus also decays more slowly than would be anticipated. The prolongation of 
the nystagmus after rotation is a manifestation of velocity storage. (Modified from Cannon and Robinson.[21] ) 

 

Figure 139-29 Alexander's law. The interactions of the vestibular slow phase velocity (Vest. SPV) and a leaky integrator (Int.) are demonstrated for a case of left acute vestibular hypofunction. In neutral gaze (A), the vestibular slow phase 
alone is manifest. When the eyes look to the right, the direction of the fast phase (B), the leaky integrator causes the eyes to drift to the left. This drift adds to the vestibular slow phase signal and the net slow phase velocity increases. When 
the eyes look to the left, the direction of the slow phase (C), the leaky integrator causes the eye to drift to the right. This drift subtracts from the vestibular slow phase signal and the net slow phase velocity decreases. 



 

Figure 139-30 The otolith tilt reaction for loss of left utricular function consists of (1) head tilt to the left, (2) elevation of the right eye and depression of the left eye, and (3) roll of the superior pole of each eye to the patient's left. 

 

Figure 139-31 Circuitry of the cerebellum involved in modifying the VOR. Inputs from primary vestibular afferents and secondary neurons in the vestibular nuclei (VN) form mossy fiber (mf) inputs to cerebellar granule cells (gc). Parallel 
fibers (Pf) that originate from granule cells synapse weakly with Purkinje cells (Pk) and cause a high tonic inhibitory output of simple spikes from the Purkinje cells onto secondary vestibular neurons controlling the VOR. Climbing fiber (cf) 
input from the inferior olive (io) carries sensorimotor error information such as retinal slip. Climbing fibers make extensive and strong synapses onto Purkinje cells. Climbing fiber activity leads to complex spikes in the Purkinje cells, which 
can alter the efficacy of the parallel fibers' synapses onto the Purkinje cells, a form of learning. 
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a result of a reactivation of a quiescent disease process, such as Ménière's disease, or the appearance of a new labyrinthine problem. A relatively common example of the latter is occurrence of posterior canal BPPV in 15% to 30% of patients 
who previously had vestibular neuritis.[7] [78] As noted in the clinical implications of Principle 7, vestibular neuritis usually involves the superior vestibular nerve and its end organs, sparing the saccule and posterior canal, which are supplied by 
the inferior vestibular nerve. It is though that the damage to the labyrinth can cause release of otoconia from the utricle, and that these otoconia then settle in the posterior canal, precipitating BPPV. Patients can develop typical posterior canal 
BPPV in an ear that had vestibular neuritis even months after the onset of the neuritis.

The effect of suppressive drugs on vestibular compensation.

Patients with the acute syndrome of unilateral vestibular hypofunction are commonly given medications to alleviate their distressing symptoms: benzodiazepines (e.g., diazepam), anticholinergic agents (e.g., meclizine), and antiemetic agents 
(e.g., promethazine). While these drugs are invaluable for the acute relief of these distressing symptoms, they can be counterproductive to vestibular compensation if continued for too long. Recall that central adaptation is partially driven by 
error signals, the sensory mismatch that occurs, for example, between the vestibular signals and visual signals when the VOR fails. These sensory mismatches cause a sense of vertigo in patients with recent-onset unilateral hypofunction as 
they begin moving once the static symptoms have abated. Suppressing this vertigo with the continued use of some medications can prolong or even prevent vestibular compensation. Studying the effects of medications on vestibular 
compensation after unilateral labyrinthectomy in cats, Peppard[104] found that the commonly used vestibular symptom suppressants diazepam, scopolamine, and dimenhydrinate could hinder the rate and extent of compensation. Meclizine 
probably has similar effects. Conversely, a combination of a stimulant (amphetamine) and a general antiemetic (trimethobenzamide) had a beneficial effect in enhancing compensation, perhaps because increased physical activity 
corresponded to more head movements that challenged the system and drove compensation.

The basis of vestibular rehabilitation.

A variety of rehabilitation regimens have been constructed around the principle that vestibular compensation is driven by sensory mismatches, particularly between the visual and vestibular systems. Not only do these mismatches drive 
changes in the gain of remaining vestibular reflexes, but they also engender compensatory changes in other motor systems to replace lost vestibular functions. Examples include the central preprogramming of eye movements and of postural 
responses, the potentiation of the cervico-ocular reflex, and modification of saccadic eye movements. Sensory substitution of visual and somatosensory cues for the lost vestibular cues may also contribute to overall compensation.[62] 

Although controlled studies of vestibular rehabilitation are difficult to perform, these programs generally do improve the subjective sense of balance in individuals who have fixed loss of vestibular function, and often improve their objective 
performance on balance tests, as well as return them to many of their activities of daily living.[11] [29] [77] 

APPENDIX

Experimental and clinical vestibular tests often employ sinusoidal head rotations at different frequencies as stimuli, and report results in terms of VOR gain, phase, and time constant. These terms describe the frequency response of the 
system. The concept of the frequency response of a system is familiar to anyone who has used a graphic equalizer on a stereo system ( Figure 139-32, A ). Setting the sliders determines how much attenuation of the incoming signal is applied 
to each frequency band. The resulting output can be graphically described by the Bode plot ( Figure 139-32, B ). In the example shown, the equalizer is set 

 
Figure 139-32 A, The graphic equalizer provides a means of setting signal strength (gain) across frequencies. B, The analytical expression of this is the Bode gain plot. 



 
 
 

 
 
 
This differential equation is expressed as a function of time, or in the time domain. While it can be solved as a function of time, our principal interest is to determine this system's frequency dependence. Thus, it is useful to transform this 
equation into the frequency domain. The French mathematician Laplace (1749–1827) devised a method to transform differential equations in the time domain to algebraic equations in the frequency domain. The latter are much easier to 
solve, and once the solution is obtained, tables can be used to look up the time-domain equivalent if it is needed. The power of Laplace's technique, however, is that it immediately gives the frequency response of the system in the form of a 
transfer function in the frequency domain. Transfer functions, which describe the input-output characteristics of systems across frequencies, are fundamental to the study of the auditory and vestibular systems.

The Laplace transform is 
 
 

 
 
 
The Laplace transform essentially converts signals that vary in time into those that vary in frequency by using complex exponentials. This works because most natural signals can be represented as some combination of functions that have 
exponential growth or decay and sinusoidal oscillations. Equations of the form F(t) = Aeσt describe exponential growth or decay. Those of the form F(t) = Aejωt , where j = √-1, describe sinusoidal oscillations, because 
 
Aejωt = A(cosωt = jsinωt) Equation 139-15 
 
Thus, with the complex exponential term e-(σ+jω)t , the Laplace transform can encompass most mechanical signals.

The following two features of the Laplace transform make it of such practical use in converting differential equations to algebraic ones. If L{Y(t)} = y(s), 
 
L{Y (t)} = sy(s) − Y (0) Equation 139-16 
 
That is, the Laplace transform of a derivative is just s times the Laplace transform of the function, minus the value of the function at time zero. The value at time zero is often zero. Thus, differentiation in the time domain becomes 
multiplication by s in the frequency domain. 
 
 

 
 
 
That is, the Laplace transform of an integral is just the Laplace transform of the function divided by s. Thus, integration in the time domain becomes division by s in the frequency domain.

Using these features, Equation 139-13 can now be written in the frequency domain: 
 
 

 
 
 
or, 
 
 

 
 
 
Combining the different constants, 
 
 

 
 
 



where τ1 τ2 = I / K and τ1 + τ2 = B / K. Values for these time constants have been estimated at τ1 is approximately equal to 0.006 seconds and τ2 is approximately equal to 13 seconds. [116] 

Note that Equation 139-20 gives the relationship between the motion of the endolymph (output) and the head velocity (input). This input-output relationship is the transfer function of the semicircular canal. We wish to find out how the 
magnitude of the endolymph movement varies under varying frequencies of head movement. That is to say, we want to vary the frequency component, jω, of the complex variable s and characterize the response magnitude, called the gain, of 
the transfer function. Gain is typically expressed on the decibel scale to accommodate the large range of response magnitudes. For this analysis we will ignore the constant gain that will be added by the constant term τ1 τ2 . 
 
 

 
 
 
Gain = 20 dB log10 |jω| − 20 dB log10 |τ1 jω − 1| − 20 dB log10 |τ2 jω + 1| Equation 139-22 
 
Putting in the values of the time constants and inverting them to get frequency units (radians/sec), we have 
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The magnitude of a complex number, |a + bj|, is  

 
. For the first term, then, the magnitude is simply 20 dB log10 ω. For the second term, the magnitude is  

 
, and for the third,  

 
. At very low frequencies (ω much less than 0.1 radians/sec), the gain will be determined only by the first term; it will rise from -∞ by 20 dB per decade of frequency, reaching approximately -20 dB at 0.1 radians/sec. For frequencies 
between 0.077 and 167 radians/sec, the first term still contributes a 20-dB/decade increase in gain, but the second term negates this by contributing -20 dB/decade. The response remains flat at -20 dB/decade until frequencies in excess of 167 
radians/sec, when the third term subtracts another 20 dB/decade, and the net gain falls by 20 dB/decade. Converting frequency from radians/sec to the more familiar Hz (using 2π radians/cycle), the corner frequencies (where gain changes) 
are 0.012 Hz and 27 Hz. The frequency response gain of the semicircular canal is plotted in Figure 139-33, A .

In addition to gain, another important consideration in the frequency response is the phase of the response, a measure of its timing with respect to the stimulus waveform. A response that rises and falls in time with the stimulus is in phase 
with the stimulus (phase = 0 degrees). One that leads or lags the response 

 
Figure 139-33 Gain (A) and phase (B) plots for the semicircular canal transfer function relative to head velocity as given in Equation 139-20. Upper- and lower-corner frequencies are indicated. 



 
 
 

 
 
 
For all frequencies, the first term approximates arctan(∞) = + 90 degrees. For frequencies much less than 0.077 radians/sec, the other terms are about zero. For frequencies greater than 0.077 but less than 167 radians/sec, the second term 
yields -90 degrees, canceling the first and giving an in-phase (0 degrees) response. Finally, for frequencies much greater than 167 radians/sec, the third term gives another -90 degrees, taking the response out of phase again. The frequency 
response phase of the semicircular canal is plotted in Figure 139-33, B .

The transfer function in Equation 139-20 was written with head velocity as the input (denominator). The Bode plot for this transfer function (see Figure 139-33 ) shows that the expected endolymph motion is indeed in phase with head 
velocity and has a constant gain over a wide frequency range from approximately 0.012 Hz to 27 Hz. Thus, over this frequency range, the semicircular canal approximately encodes head velocity.

While this range encompasses most natural head movements, it should be noted that the canal is not a particularly good encoder of head velocity for very low-frequency rotations. For example, while a slow turn at 0.02 Hz is sensed with little 
attenuation (1.4 dB below the flat mid-frequency gain), the phase shift is about 32 degrees. This deficiency in the performance of the canals at low frequencies is improved by the central mechanism of velocity storage (see Principle 9).
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Chapter 140 - EVALUATION OF THE PATIENT WITH DIZZINESS

Timothy E. Hullar 
Lloyd B. Minor 
David S. Zee 

BACKGROUND AND PHYSIOLOGY

Dizziness is the ninth most common complaint leading patients to visit their primary care physicians, rising to third among those aged 65 to 75 years and first among even older patients.[92] [93] [124] Despite its frequency, symptoms of dizziness 
can be difficult for the patient to describe and for the physician to categorize. Dysequilibrium, unsteadiness, vertigo, and light-headedness are all terms that patients may use to describe their sensations. Evaluation of balance signals from 
peripheral vestibular-nerve afferents, the visual system, and somatosensory and proprioceptive signals normally occurs below a patient's level of awareness, making symptoms particularly difficult to describe. This chapter describes an 
approach to patients that builds on an understanding of the pathophysiology of dizziness to develop an organized method for history taking and physical examination leading to the identification of specific abnormalities.

The Peripheral Vestibular System

Vestibular receptors are located in the labyrinth and consist bilaterally of three orthogonally oriented semicircular canals and two otolith organs. The semicircular canals sense angular acceleration and are arranged in roughly parallel pairs: 
the two horizontal canals, the left anterior and right posterior canals, and the right anterior and left posterior canals. The vestibular end organs are exquisitely sensitive to head movement. The canals sense angular velocities as low as 0.1 
degrees/sec,[56] equivalent to a swivel chair requiring 90 seconds to complete a single revolution. The otolith organs (utriculus and sacculus) detect linear accelerations (tilt and translation) as small as 5 × 10−4 g, equal to an elevator requiring 
almost 40 seconds to travel between floors. This level of sensitivity is maintained throughout the central pathways involved in control of balance and other vestibular processes. [56] 

Most vestibular-nerve afferents have a spontaneous firing rate between 10 and 100 spikes/sec. When the head is still, primary afferents in the right and left vestibular periphery discharge tonically at the same rate. During horizontal head 
rotation, the horizontal semicircular canal is stimulated in the ipsilateral labyrinth and inhibited in the opposite; the orthogonal geometry of the semicircular canals in each labyrinth permits three-dimensional rotational head movements to be 
represented as the vector sum of components in each plane. Over the physiologic range of head movements (0.1–10 Hz), the intrinsic mechanical properties of the semicircular canals integrate this acceleration signal into a velocity signal. 
This signal is further modified by individual afferents, depending on their response dynamics, providing central vestibular neurons with an array of signals (taking the form of action potentials) carrying velocity and acceleration information. 
Activity in the vestibular nerve is the major source of sensory input to the vestibular nuclei, with almost 30,000 afferents projecting from each labyrinth to the brainstem in humans. [141] Neurons in the vestibular nuclei typically receive 
bilateral inputs from the coplanar semicircular canals, with excitation of peripheral afferents causing increased firing rates of the neurons in the ipsilateral vestibular nucleus.

Eye Movements as a Diagnostic Tool

There is no clinical test to measure directly the function of the vestibular periphery in a way analogous to otoacoustic emissions for the auditory system. Instead, inferences must be made about vestibular function on the basis of the 
performance of downstream organs. Vestibular information is vital to
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controlling both eye movements and body posture, but eye movements are the better studied and understood of the two.

Several brainstem processes are important in understanding eye movements and their interpretation. Velocity storage is the process by which velocity information supplied by the vestibular system is perseverated. Although the cupula of the 
semicircular canal returns to neutral position with a time constant of about 6 seconds, the associated decay in eye movements requires closer to 15 seconds in normal humans because of the effect of velocity storage. This improves the ability 



of the system to respond to low-frequency head motion[152] and to orient vestibuloocular responses to gravity.[2] [154] Velocity storage is lost in cases of acute unilateral vestibular loss. The neural integrator is another brainstem function vital for 
proper eye movements.[173] It produces a steady command to the extraocular muscles to hold the eyes eccentrically instead of allowing them to drift back to neutral gaze position because of the elastic restoring forces of the orbital tissues. The 
neural integrator is not able to hold gaze appropriately in cases of acute unilateral deafferentation.

Nystagmus

Nystagmus is an important tool in analyzing eye movements and can be either normal or pathologic. Several types of nystagmus exist. The most common, jerk nystagmus, consists of "slow phases" representing signals for eye movement and 
"fast phases," which are usually more obvious to the observer but less significant physiologically: they simply represent resetting actions bringing the eye back toward the center of the orbit. Pendular nystagmus consists of a sinusoidal 
oscillation without fast phases rather than a unidirectional drift. Quick phases may be superimposed. Other types of nystagmus are described in the following.

Characteristics of pathologic nystagmus may aid in localizing the responsible lesion. Purely torsional nystagmus usually reflects intrinsic brainstem involvement within the vestibular nuclei and suggests syringomyelia.[128] Downbeat 
nystagmus in primary position usually reflects disease at the craniocervical junction, such as the Arnold-Chiari deformity or degenerative lesions of the cerebellum. [12] Upbeat nystagmus in primary position occurs with lesions at the 
pontomedullary or pontomesencephalic junction or within the fourth ventricle.[151] Periodic alternating nystagmus (horizontal jerk nystagmus that changes direction about every 2 minutes) is a form of central vestibular nystagmus and usually 
is caused by lesions in the nodulus of the cerebellum.[100] [186] 

Nystagmus on attempted eccentric gaze and with slow phases that show a declining exponential time course results from an unsustained eye position command. This commonly occurs as a side effect of certain medications, especially 
anticonvulsants, hypnotics, and tranquilizers, and in patients with disease of the vestibulocerebellum or its brainstem connections in the medial vestibular nucleus and nucleus prepositus hypoglossi. With prolonged eccentric gaze, gaze-
evoked nystagmus may dampen and actually change direction. It is then called centripetal nystagmus [98] and is often followed by rebound nystagmus when the eyes return to the primary position; slow phases are directed toward the previous 
position of eccentric gaze. Rebound nystagmus usually coexists with other cerebellar eye signs.[79] 

Latent nystagmus appears when one eye is occluded, allowing both eyes to drift conjugately with the slow phases of the viewing eye directed toward the nose. The slow phases of latent nystagmus tend to decelerate.[46] Latent nystagmus 
usually is associated with strabismus and is acquired early in life; it rarely implies any underlying neurologic disease but rather is related to a loss of cortical binocular function.

Nystagmus with accelerating slow phases is typical of congenital nystagmus.[133] Congenital nystagmus usually is primarily horizontal, accentuated by attempted fixation, decreased by convergence or active eyelid closure, associated with a 
head turn, and sometimes accompanied by "reversed" smooth pursuit. It often appears pendular, although the slow-phase waveform of the nystagmus is usually not a true sinusoid and may appear jerky on extremes of horizontal gaze. 
Occasionally, acquired lesions of the cerebellum produce nystagmus with slow phases that have increasing exponential waveforms.

Acquired pendular nystagmus may be a manifestation of multiple sclerosis, toluene intoxication, or a result of brainstem infarction with inferior olivary hypertrophy (the syndrome of palatomyoclonus).[69] [122] It may have horizontal and vertical 
components, with the amplitude and phase relationships of the two sine waves determining the trajectory taken by the eyes. Acquired pendular nystagmus frequently is disconjugate and may even be horizontal in one eye and vertical in the 
other. Its intensity may be decreased with gabapentin.[176] 

Other forms of nystagmus include convergence-retraction nystagmus, which occurs with midbrain lesions and usually coexists with upgaze paralysis (Parinaud's syndrome). In some cases, convergence nystagmus may consist of 
asynchronous adducting saccades.[129] It is unknown whether adducting saccades alone can account for retraction or whether cocontraction must occur as well. Seesaw nystagmus, when one eye goes up and the other goes down, also occurs 
with midbrain lesions and may be related to
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an imbalance of activity in structures that receive projections from the labyrinthine otolith organs.[123] Skew deviation and the ocular tilt reaction (one-half cycle of seesaw nystagmus) may be other manifestations of otolith and especially 
utricular imbalance.[18] Skew deviation occurs with peripheral lesions and with lesions in the medulla, the pons, and the midbrain. Dissociated nystagmus, which is greatest or present only in the abducting eye, commonly occurs in those with 
internuclear ophthalmoplegia (INO). The mechanism of abducting nystagmus in INO is unknown.[193] 

All eye movements are aimed at ensuring optimal visual acuity ( Figure 140-1 ). Vestibular and optokinetic eye movements hold eye position in space (or "gaze") constant, allowing an image to remain stationary on the retina during head 
rotation. They accomplish this by producing compensatory slow phases in the orbit that are equal and opposite to head movements. Saccadic, pursuit, and vergence eye movements change gaze so that images of objects of interest are brought 
to or kept on the fovea, where visual resolution is highest. Saccades rotate the eye to bring an image onto the fovea, whereas pursuit maintains that image on the fovea as it moves across the visual field. Vergence movements are 
nonconjugate, causing the eyes to move in opposite directions to place the image of an object simultaneously on both foveae during movements of the head or the object ( Table 140-1 ).

Vestibuloocular Reflexes

The vestibuloocular reflex (VOR) is responsible for maintaining binocular fixation and stabilizing binocular foveal images during head movements. [139] It is critical, because visual acuity is degraded if images slip across the retina even as 
slowly as 2 to 3 degrees/sec.[45] The VOR must negate the angle induced by a head movement between the eye and the point of fixation and must compensate for displacement of the target in space relative to the head.[139] This second, 
translational component is determined by where the eyes are looking (in depth and across the visual field), forcing the VOR to account for fixation distance and head rotation. The VOR must also have a short latency, measured at about 7 
msec in humans,[178] and must maintain its accuracy over a range of head movements.

The VORs are divided into two types: angular and linear. Angular reflexes are initiated by activation of the semicircular canals. The canals are aligned with the pulling directions of the three pairs of extraocular muscles,[171] allowing activation 
of a single semicircular canal (as in benign positional vertigo, for example) to induce torsional motion of the eyes when directed along the axis of the canal and linear motion when directed in the plane of the canal ( Figure 140-2 ). Linear 
VORs are driven by otolith afferents and can be grouped into two categories according to eye movement responses: tilt responses that compensate for lateral head tilt with respect to gravity and translational responses that produce eye 
movements compensatory for linear movements of the head.

Lateral head tilt produces ocular counterrolling, a torsional movement of the eye around the line of sight. The torsional deviation of the eyes in response to 60- to 75-degree static head tilts is 6 to 8 degrees.[48] The small amplitude of eye 
movement produced by relatively large tilts of the head appears to indicate that ocular counterrolling is a vestigial response with little compensatory function, but during sinusoidal head rolls, torsional gain (ratio of eye roll/head tilt) is 



approximately 0.7.[37] Compensatory eye movements in these situations seem largely to result from canalrelated reflexes, although the otolith organs are also activated.[6] Translational VORs produce eye movements that maintain the point of 
binocular fixation for each retina during linear head movements.

Otolith afferents cannot distinguish between tilt or translation ( Figure 140-3 ). Information from the semicircular canals, comparison of the phasic and tonic components of modulation in otolith afferent activation, frequency-selective 
organization of otolithmediated responses, or other sensory signals such as vision or proprioception must be involved in determining appropriate reflex responses. Frequency-selective filtering of otolith afferent signals provides one potential 
mechanism. Head movements with frequency content <0.25 Hz may be interpreted as tilt stimuli, whereas those with frequency content >0.25 Hz cause translational responses. Responses to roll head tilt and interaural translation provide 
support for this mechanism. A torsional component, in addition to the compensatory horizontal response, is noted in the translational linear VOR evoked by interaural translation. The torsional component becomes progressively weaker as 
stimulation frequency increases,[106] indicating that there is[140] a continuum from constant linear acceleration (where tilt responses are predominant) to high-frequency modulation of linear acceleration (where translational responses are large).

Constant velocity rotations in darkness about axes that are tilted relative to the earth-vertical produce a third type of ocular response. This nystagmus is compensatory to angular head velocity and has a constant slow-phase velocity (bias) 
component with superimposed phasic variations in eye velocity as a function of head position relative to gravity. The nystagmus
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Figure 140-1 A schematic description of the functional classes of eye movements. Basic research in the neurophysiology of oculomotor control and clinical studies of eye movement disorders have been enhanced by the existence of 
functionally distinct subsystems. Seven types of eye movements are described in this figure. 

 

TABLE 140-1 -- FUNCTIONAL CLASSES OF HUMAN EYE MOVEMENTS

Class of Eye Movement Main Function

Visual fixation Holds the image of a stationary object on the fovea



Vestibular Holds images of the seen world steady on the retina during brief head rotations

Optokinetic Holds images of the seen world steady on the retina during sustained head rotations

Smooth pursuit Holds the image of a moving target on the fovea

Nystagmus (quick phases) Resets the eyes during prolonged rotation and direct gaze toward the oncoming visual scene

Saccades Brings images of objects of interest onto the fovea

Vergence Moves the eyes in opposite directions so that images of a single object are placed simultaneously on both foveas
 
 
Figure 140-2 Relationship of individual canals and eye movements. Activation of individual canals leads to stereotypic eye movements. The horizontal canal is activated by head rotation in the horizontal plane, whereas pure activation of the 
posterior canal may be seen in benign positioning vertigo, and pure activation of the superior canal is seen in superior canal dehiscence syndrome. (From Hullar TE, Minor LB: The neurotologic examination. In Jackler RK, Brackmann DE, 
editors: Neurotology, ed 2, St. Louis, 2004, Mosby.) 

 

Figure 140-3 Otolith afferents respond to linear acceleration. Identical changes in otolith afferent activity can result from head movements that change the orientation of the head relative to gravity (roll tilt) and from linear translational 
movement (interaural translation). There is no way for otolith afferents to distinguish whether a translation or a tilt produced the modulation in otolith afferent activity. The compensatory eye movements evoked by these two types of head 
movements are quite different as shown on the diagram. Central processing of signals in the brainstem must be responsible for resolution of the "translation-tilt ambiguity." (From Minor LB: Otolaryngol Head Neck Surg 118:54, 1998.) 

 

Figure 140-4 Alexander's law. With an acute deficit of the right labyrinth, vestibular input drives the eyes to the right (slow phase component of nystagmus). A defective neural integrator (caused by the unilateral loss) tends to bring the eyes 
back to neutral position. With the eyes directed toward the lesion, the two effects cancel. With the eyes directed away from the lesion, they add (From Hullar TE, Minor LB: The neurotologic examination, In Jackler RK, Brackmann DE, 
editors: Neurotology, ed 2, St. Louis, 2004, Mosby.) 



 

Figure 140-5 The neural signal for a saccade. At right is shown the eye movement: E is eye position in the orbit; the abscissa scale represents time. At left is shown the neural signal sent to the extraocular muscles to produce the saccade. The 
vertical lines indicate the occurrence of action potentials of an ocular motoneuron. The graph above is a plot of the neuron's discharge rate (R) against time (firing frequency histogram). It shows the neurally encoded pulse (velocity 
command) and step (position command). 

 

TABLE 140-2 -- TYPE AND MECHANISM OF DIZZINESS ASSOCIATED WITH COMMONLY USED DRUGS

Drug Type of Dizziness Mechanism

Aminoglycosides, cisplatin (Platinol) Vertigo, dysequilibrium Damage to vestibular hair cells

Antiepileptics Dysequilibrium Cerebellar toxicity

••Carbamazepine (Atretol, Tegretol), phenytoin (Dilantin), 
primidone (Mysoline)

  

Tranquilizers Intoxication Central nervous system depression

••Barbiturates, antihistamines, tricyclic amines   

Antihypertensives, diuretics Near-faint Postural hypotension, reduced cerebral blood flow

Amiodarone (Cordarone) Dysequilibrium Unknown

Alcohol Intoxication, dysequilibrium, positional vertigo Central nervous system depression, cerebellar toxicity, change in cupula-specific gravity

Methotrexate (Rheumatrex) Dysequilibrium Brainstem and cerebellar toxicity

Anticoagulants Vertigo Hemorrhage into inner ear or brain

From Haloh RW and others: Neurotology. In Mancall EI, editor: Continuum: lifelong learning in neurology, vol 2, Cleveland, 1996, Advanstar Communications.
 
Bedside Examination

The neurotologic examination specifically evaluates components of vestibular and related ocular motor and postural function to identify abnormalities that are characteristic of pathologic entities. Each physician will develop an individual 
approach, with elements of the examination tailored to each patient's symptoms. General otolaryngologic examination and assessment of hearing and cranial nerves are a part of the assessment but are not reviewed here.

Static ocular examination.

Spontaneous nystagmus is seen when there is a static imbalance in tonic levels of activity mediating the VOR. Nystagmus resulting from unilateral vestibular hypofunction is present when the head is still, is reduced by visual fixation, and is 
increased or only becomes apparent when fixation is eliminated. A horizontal-torsional nystagmus is typically observed acutely after unilateral loss of vestibular function. The horizontal component beats toward the "stronger" (intact) ear, 
and the torsional component involves beating of the superior poles of the eyes toward the intact ear. Frenzel lenses (magnifying lenses that prevent the patient from using visual fixation to suppress any spontaneous nystagmus) can increase 
the examiner's sensitivity for nystagmus and are vital to a thorough ocular examination. The
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Figure 140-6 An outline of differential diagnoses based on information from the patient's history. (Modified from Baloh RW and others: Neurotology. In Mancall EL, editor: Continuum: lifelong learning in neurology, vol 2, Cleveland, 1996, 
Advanstar Communication.) 

 

Figure 140-7 The ocular tilt reaction depicted as motor compensation to a lesion-induced apparent eye-head tile (dashed line). The compensatory head tilt is in a direction opposite to the apparent head tilt (solid line). Eyes and head are 
continuously adjusted to the orientation that the brain computes as being vertical. (From Brandt T, Dieterich M: Brain 110:649, 1987.) 

 

Figure 140-8 The head thrust sign. Starting from neutral position (A), a rapid head thrust to the right in the horizontal plane elicits compensatory eye movements to the left, and the patient's eyes remain stable on the examiner (B). A similar 
movement to the left, hypoactive labyrinth (C) results in a delayed catchup saccade (D) to maintain gaze. The arrow in (D) shows the direction of the catchup saccade. (From Hullar TE, Minor LB: The neurotologic examination. In Jackler 
RK, Brackmann DE: Neurotology, ed 2, St. Louis, 2004, Mosby.) 



 

Figure 140-9 The Dix-Hallpike maneuver. Lowering the patient's head backwards and to the side allows debris in the posterior canal (1) to fall to its lowest position, activating the canal and causing eye movements and vertigo (2). (From 
Hullar TE, Minor LB: The neurotologic examination. In Jackler RK, Brackmann DE: Neurotology, ed 2, St. Louis, 2004, Mosby.) 

 

Figure 140-10 Pressure changes inducing eye movements in superior semicircular canal dehiscence syndrome. Positive pressure in the external auditory canal causes bulging of the membranous canal into the cranial cavity and ampullofugal 
flow. Negative pressure in the external auditory canal causes bulging of the cranial contents into the superior canal and ampullopetal flow. (From Minor LB, Solomon D, Zinreich J and others: Sound- and/or pressure-induced vertigo due to 
bone dehiscence of the superior semicircular canal, Arch Otolaryngol-Head Neck Surg 124:249–258, 1998.) 



 

Figure 140-11 Surface electrodes are placed at outer canthi for recording horizontal eye movements and above and below one eye for recording vertical eye movements throughout ENG procedure. Ground or reference electrode is place on 
forehead. If recordings are to be made of each eye independently, additional electrodes are placed at inner canthi of eye to be recorded. 

 

Figure 140-12 Transtympanic electrocochleography. Top line, normal response to tone burst stimulus. Bottom line, pathologic response, with shifted summating potential line (SP) relative to the baseline. 

 

Figure 140-13 ENG recordings of saccades. Top line, eye tracings. Second line, plot of speed vs amplitude; this relationship (in gray) is termed the major sequence. Third line, accuracy. Fourth line, latency. See text for causes of inaccurate 
saccades. 



 

Figure 140-14 ENG recordings of smooth pursuit. Top line, smooth sinusoid, target motion; irregular tracing, eye movements. Bottom line, gain in response to moving target at various frequencies. Crosshatched area represents abnormally 
low responses. 



 

Figure 140-15 Convective flow mechanism of the caloric response. Irrigation with warm or cold water (or air) results in a temperature gradient across the horizontal semicircular canal. With the horizontal canal oriented in the earth-vertical 
plane, gravity induces the convective flow of endolymph from the cooler area of the canal in which endolymph is more dense into the warmer area of the canal in which endolymph is less dense. For the warm caloric irrigation shown in this 
diagram, am ampullopetal deflection of the cupula results from this flow of endolymph. Vestibular-nerve afferents innervating the horizontal semicircular are excited, and a horizontal nystagmus with slow phase components directed toward 
the opposite ear is produced. A cold caloric stimulus results in an oppositely directed response with ampullofugal deflection to the cupula, inhibition of horizontal canal afferents, and a nystagmus with slow phase components directed toward 
the ear to which the cold caloric is applied. (From Baloh RW, Honorubia V: Clinical neurophysiology of the vestibular system, ed 2, Philadelphia, 1990, FA Davis.) 

 

Figure 140-16 Average slow phase eye velocity in response to warm (44°C) and cold (30°C) irrigations with subjects oriented in different bed positions. Subjects were lying on a Stryker bed that could be moved through 360 degrees in the 
pitch plant (see inset). For each subject, the percent of the maximum value in the curve (which usually occurred at the 30-degree position at which the horizontal canal is in the earth-vertical plane) was determined at each of the positions 
tested. These percentages were then averaged for all subjects to obtain the composite plots shown here. Four observations are apparent: (1) Caloric responses in the face-up positions are consistently greater in intensity than those in the face-
down positions. (2) "Face-up" responses cover a larger segment of the 360-degree arc than the "face-down" responses. (3) The curves appear to approximate a sine function. (4) The findings are similar for warm and cold irrigations. 
(Modified from Coats AD, Smith SY: Acta Otolaryngol (Stockh) 63:515, 1967.) 



 
 
UW = (100% × ((R30° + R44°) − (L30° + L44°))/(R30° + R44° + L30° + L44°) 
 
DP = 100 × ((R30° + L44°) − (R44° + L30°))/(R30° + L44° + R44° + L30°) 
 
Normative values are established for each laboratory. A UW of greater than 20% and DP of greater than 25% are usually considered significant. UW is a sign of decreased responsiveness of the horizontal semicircular canal or the ampullary 
nerve that provides its innervation. DP is commonly seen in patients with spontaneous nystagmus. For example, a right-beating spontaneous nystagmus will commonly lead to a DP for right-beating responses on caloric testing. The 
spontaneous nystagmus simply adds to or subtracts from, depending on its direction, each response to caloric irrigation. In the absence of spontaneous nystagmus, DP may be a central sign indicating asymmetric sensitivities of central 
vestibular neurons to inhibitory-excitatory stimuli or asymmetries in the inputs from these central vestibular neurons to extraocular motoneurons. An increased warm and diminished cold response, as can occur in an ear
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Figure 140-17 Caloric responses in a patient with unilateral labyrinthine hypofunction. Patient had no response in the left ear, although right ear responses were normal to warm and cold irrigations. 

 



Figure 140-18 Rotational chair responses 3 months after unilateral vestibular deafferentation. Vertical axis, ocular response in degrees/sec. Note that at the low frequencies tested here, the patient's responses (dots) follow the chair (solid line) 
well, indicating compensation from the lesion. Head-thrust signs at this stage are likely to remain pathologic. The bottom stimulus-velocity curve (lower right) shows a slight bias (line does not pass exactly through origin). (From Jenkins 
HA: Laryngoscope 95:1224, 1985.) 

 

Figure 140-19 Velocity of horizontal slow-phase components of nystagmus evoked by 240-degree/sec (A) and 60-degree/sec (B) velocity steps. The subject is seated in a rotatory chair with the head positioned in approximately the 
horizontal canal plane (chin tilted downward 30 degrees from ambient position of the head) in A and in the ambient position (30 degrees upward from the horizontal canal plane) in B. Testing is conduced in darkness. Chair rotations in the 
counterclockwise (CCW) direction evoke slow phases to the right, whereas rotation in the clockwise (CW) direction evokes slow phases to the left. Gain is determined from the responses in A by dividing the velocity of the first slow phase in 
response to the stimulus by the head velocity. Gain measures approximately 0.80 in these data and is symmetric for clockwise and counterclockwise rotations. Time constant is measured from responses to 60-degrees/sec rotations as the time 
required for slow-phase velocity to decline by 63% of its initial value. In the data shown for CW rotation in B. the initial eye velocity is 40 degree/sec and falls to 15 degree/sec (a decline of 63% from the initial value) 20 seconds after the 
stimulus onset. The time constant of the response is, therefore, 20 seconds. 



 

Figure 140-20 Horizontal eye position (A), head velocity (B), and eye velocity (C) during active head movement testing with the Vestibular Autorotation Test. (From Fineberg R, O'Leary DP, Davis LL: Arch Otolaryngol Head Neck Surg 
113:1063, 1987.) 

 

Figure 140-21 Vestibular-evoked myogenic potentials in response to clicks. Stimulus presented at time = 0 msec. The evoked potential peaking at about 16 msec declines from prominence on the top tracing (105 dB) to barely being 
noticeable on the 90-dB tracing. This is an example of an abnormally low threshold for a VEMP response. 

 

Figure 140-22 NeuroCom International Equitest® system shows patient standing on platform surrounded by visual scene. Pressure-sensing strain gauges beneath platform surface detect patient sway by measuring his of her vertical and 
horizontal forces applied to surface. A safety harness is attached to patients should loss of balance occur. The platform surface and visual surround are capable of moving independently or simultaneously. 



 

Figure 140-23 The sensory organization test protocol showing the six test conditions. (From Nashner LM: Computerized dynamic posturography. In Jacorson GP, Newman CW, Kartush JM, editors: Handbook of balance function testing, St 
Louis, 1996, Mosby.) 

 
The organization of an exercise program on the basis of data obtained from posturography has been demonstrated to have an effect on functional outcome. Patients showed a significant reduction in postural sway on SOT conditions 5 and 6 
in patients with peripheral vestibulopathy who received vestibular rehabilitation compared with those of a control group who only received vestibular-suppressant medication.[80] Patients with a variety of peripheral and central vestibular 
disorders show improvements in subjective and objective measures of functional outcome in patients after receiving an exercise regimen organized around abnormalities on SOT.[27] Evaluation of CDP prelesion and postlesion can also be 
useful in defining the expected outcome and endpoint of vestibular rehabilitation for each patient. Patients undergoing vestibular neurectomy for intractable vertigo who showed preoperative abnormalities on CDP showed persisting 
abnormalities even after a postoperative recovery period, whereas patients with normal findings preoperatively returned to normal.[28] 

●     Determination of the need for high-volume cerebrospinal fluid (CSF) drainage with lumbar punctures or shunting in patients with dysequilibrium or gait disturbances caused by processes resulting in abnormal CSF pressure dynamics. 
These patients develop dysequilibrium and ataxia with increased CSF accumulation. CDP is useful in quantifying their improvement after CSF draining and in predicting their response to ventriculoperitoneal shunting.[190] 
●     Documentation of postural responses when there is suspected malingering, exaggeration of disability for compensation, or conversion disorder. CDP can identify inconsistencies between symptoms and performance parameters that have 
been shown to indicate a functional deficit as in
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malingering or conversion disorder.[30] [143] Patients with these disorders often show patterns on CDP that are described as aphysiologic (e.g., poorer performance on SOT conditions 1 and 2 than on 5 and 6). Identification of such patients can be 
useful in making recommendations about disability status and the need for psychiatric intervention. 

 
Figure 140-24 Vestibular dysfunction (5–6) pattern. Distortion of somatosensory cues (conditions 5 and 6) and distortion (condition 6) or elimination of visual cues (condition 5) force patient to rely on vestibular information for balance and 
posture. This pattern can be seen in acute unilateral or bilateral vestibular lesions, in cases of poor compensation to peripheral vestibular lesions, and occasionally in central vestibular system disease. Patients with compensated unilateral 
peripheral vestibular lesions typically have normal performance on the sensory organization test. In the figure, N/S means that no stimulus was given. During actual test conditions, a stimulus repetition may be deferred if the preceding 
presentation of that stimulus gives a normal response. Fall means that the sway in response to the stimulus was outside of the limits of stability and would have resulted in a fall had the patient not been secured with a harness. 
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Chapter 141 - IMBALANCE AND FALLS IN THE ELDERLY

Marian Girardi 
Horst R. Konrad 

INTRODUCTION

With the normal aging process, humans experience changes in the sensory systems, the central and peripheral nervous systems, and in muscles and joints. These multisystem losses affect the functions necessary for balance. In the United 
States alone, the number of elderly individuals is expected to double by the year 2050.[42] In the future, an increasing number of elderly individuals with age-related dizziness and loss of balance will be referred to otolaryngologists, and 
although most training programs teach the management of vestibular disorders, frequently balance loss because of presbyastasis is not thoroughly addressed. To most effectively and efficiently deal with these patients, collaborative networks 
with other health care professionals (neurologists, geriatricians, audiologists, physical and occupational therapists) should be established, maintained, and fully used. Most elderly patients who have balance disorders complain of dizziness or 
light-headedness. This leads to referrals to otolaryngologists or neurologists. Because otolaryngologists are trained in the evaluation and management of dizzy patients, we are called on to manage many of these patients. Elderly patients with 
imbalance frequently have more than isolated vestibular disorders. In many cases, loss of balance and falling is complicated by multisensory deficits and central nervous system malfunction. To properly evaluate and manage these patients, 
the otolaryngologist must go beyond the usual head and neck examination and evaluate all the sensory systems that contribute to balance, including vision, vestibular, proprioceptive senses, and the patient's ability to process this information 
and produce effective balance and locomotion. This includes memory, central and peripheral reflexes, and musculoskeletal integrity.

Older people are falling and having fall-related injuries at an increasing rate, according to a 25-year study. Most likely, this is related to the overall effects of aging on the balance system, the increase in the number of elderly persons, and the 
fact that many of these older individuals are taking medications that can restrict or decrease balance skills.[24] A recent study of elderly individuals who had at least one fall showed they were taking a mean of 6.5 prescription drugs and 3.5 
over-the-counter medications.[12] More than 2 million individuals in the United States fall and sustain serious injury annually, making falls the most common reason for a patient to visit an emergency room. In the United States, falls are the 
leading cause of both fatal and nonfatal injuries for persons age 65 and older, and 50% of all individuals in this age group will fall at least once each year.[2] Half of the elderly who do experience a fall will fall more than once each year. Falls 
are the leading cause of morbidity and mortality in persons older than age 75.[1] The most alarming fact of all is that 50% of individuals older than age 75 who fall will not survive for another year. This makes falls and the resulting injuries 
one of the most serious health issues for elderly individuals today.[38] 

More than $20 billion is spent annually in the United States alone for the treatment of injuries to the elderly after falls. This amount does not include hidden costs involving disabling conditions, pain, disability, lawsuits, impact on other 



family members, and deterioration in the patients' well-being.[1] Most money spent on medical attention after a fall is care for hip fracture, which averages more than $40,000 per patient, solely for hospitalization.[1] 

During the 20th century, the number of persons in the United States younger than age 65 tripled; but for the same time period, the number of individuals older than age 65 increased by a factor of 11.[42] With continuing improvements in health 
care, the elderly population will double between now and the year 2050 to approximately 80 million individuals older than age 65. Most of this growth will occur between 2010 and 2030 as the "baby boom" generation reaches this age.[42] 

Falls and the resulting injuries have become one of the most serious health issues for the elderly. A definite
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pattern is seen to falls in the elderly and has been recognized as "post falls syndrome." Post falls syndrome is defined as "a loss of confidence and voluntary restriction on activity that is dramatically out of proportion to the physical injuries 
sustained." [29] This downward spiral—the initial fear of falling, then injury, followed by hospitalization, and decreased independence and mobility—frequently leads to relocation to a nursing home or residential institution. Falls are the single 
greatest reason for nursing home admissions for the elderly. The number of falls and the severity of injuries have been shown to increase with age and limited movements. As the senior population continues to grow, falls and their extreme 
consequences will become of continually greater importance for the health care community.

BALANCE AND FALLS

More than half of all elderly falls occur in the home. The most common site of falls is the bedroom, mainly getting into or out of bed, which accounts for approximately one-third of these home falls. In descending order, other home sites 
include thresholds, where there is a change in surface or lighting (12%); the bathroom (10%); the kitchen (10%); the living room (8%); and the utility room (5%). [38] 

The normal changes associated with aging in the vestibular system are a reduction in the sensitivity of the semicircular canals, a decrease in the number of hair cells in the sensory epithelium, and a decline in the number of first-order neurons 
bringing information to the vestibular nucleus. The utricular and saccular maculae seem to be less affected.

Central processes also change as a result of aging. Initially, compensation occurs by reduction in the inhibitory system primarily mediated through the cerebellum, so that the actual responses to stimulation are initially unaffected. Long term, 
however, the range in which the system can respond is significantly diminished both by reducing the peripheral sensitivity and by reducing the level of central inhibition.[30] The result is that normal aging patients seem to respond fairly well to 
slower ranges of head movement and perturbations to gait and posture, but more rapid head movements or adjustments of body position and locomotion cannot be satisfactorily performed. Decreased flexibility and strength of muscles and 
bones further reduce the ability to respond. The outcome is frequently a fall.

A number of other factors affect balance in the aging population. As comorbidities increase, so does the risk of falls. Many medications commonly prescribed for systemic disorders are either sedating or have side effects of dizziness and/or 
disequilibrium. For example, long-acting tranquilizers and sleeping pills can affect central nervous system function in aging patients not only because of increased sensitivity to the medications but also because of reduced excretion and 
metabolism. Vestibular-suppressing antihistamines (meclizine) are frequently prescribed for older persons with nonspecific "dizziness" complaints. Benzodiazepines such as diazepam (Valium) are often used as well. These medications 
reduce even further the balance information obtained from the inner ear, thereby decreasing balance and increasing falls risk. They are not usually a good pharmacologic solution for age-related disequilibrium, which is usually multifactorial 
in origin. In fact, they can suppress vestibular function to the point where they become a detriment to balance. In addition, it has been shown that such medications reduce the individual's ability to compensate for vestibular injuries.[9] 

Often, elderly individuals do not eat correctly or regularly, and poor nutrition can adversely affect balance, as well as overall physical well-being. Studies have shown that older individuals with a greater degree of social and physical 
activities present a lowered risk of falling. This is particularly true when the physical activities include balance-requiring tasks, such as tai chi.[15] [44] Race and gender may also play a role; women fall more often than men, whites fall more 
frequently than nonwhites, and in persons older than age 65, the fall rate increases proportional to age. Or at least this is the information reported to clinicians.[31] 

COMORBIDITY FACTORS FOR FALLING

A number of diseases commonly associated with older patients adversely affect balance. The more common of these are cerebrovascular atherosclerosis and diabetes mellitus. Both affect not only the sensory systems but also central nervous 
system function and compensation to injury. Diabetes mellitus also diminishes proprioceptive function as peripheral neuropathies increase. Arthritis and its related pain and stiffness may also limit more rapid movements.

SYSTEMIC CAUSES OF DIZZINESS

Vascular diseases represent the most common non-vestibular cause of dizziness and balance loss in the elderly. Of these, the most common is small vessel ischemic disease usually as result of small vessel atherosclerosis. This disorder causes 
increased reflex time and difficulty in processing complex tasks in the central nervous system. It makes it difficult to perform tasks such as balance and locomotion. Vertebrobasilarly artery disease may be caused by atherosclerosis or 
cervical arthritis. Carotid artery stenosis is also fairly common in the elderly and is frequently associated with other peripheral vascular
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disorders. Both vertebrobasilar vascular insufficiency and carotid artery stenosis can lead to transient ischemic attacks (TIAs) and cerebral vascular accidents (CVAs). The symptoms usually relate to slowing of central reflexes, presyncopal 
sensations, and episodic feelings of loss of consciousness. Diagnosis is made on magnetic resonance angiography (MRA). Magnetic resonance imaging (MRI) scans are also helpful in observing small vessel disease, with small white lesions 
seen throughout the periaqueductal gray area of the cerebrum. Noninvasive studies of the carotid artery systems are also helpful. Doppler flow and carotid artery studies are very helpful as a screening device. If these indicate significant 
problems, MRA studies or contrast vascular studies are helpful in delineating the specific lesions within the arterial system.

Coronary artery disease can lead to decreased cardiac output, myocardial infarction, or arrhythmias. Enlargement of the heart can also be the cause of arrhythmias or a decreased efficiency of cardiac function. Myocardial infarction further 
damages cardiac musculature and the ability of the heart to supply blood flow to important structures, including the brain. A history of coronary artery disease would also suggest the possibility of cerebral vascular disease. A cardiovascular 
workup is helpful in patients who have symptoms related to cardiac disease.



NEUROLOGIC DISORDERS

Older patients are more likely to have head injuries related to falling. Head traumas are a common cause of central processing problems and chronic head pain and concussions to the vestibular labyrinths. A combination of labyrinthine 
concussion and central damage from head injury can lead to difficulties manifested by balance disorders. Epilepsy may be responsible for episodes of dizziness and disequilibrium. Multiple sclerosis generally starts in the 20s and 30s and is 
not common in the elderly. Cerebellar ataxia is a progressive hereditary disorder that can cause dysfunction of fine motor coordination and secondarily affect balance and the individual's ability to compensate to loss of balance function.

OTHER SYSTEMIC CAUSES

Diabetes mellitus is a common disorder in the elderly and produces problems in many areas of peripheral and central function. It often causes visual impairment by increasing retinal disease. It can also lead to acceleration of cerebral and 
cardiac atherosclerosis and frequently causes peripheral neuropathy that reduces the input from the muscles and joints to balance information. Fluctuating blood sugars can be responsible for feelings of disequilibrium and impending loss of 
consciousness, thereby adding to the symptoms of chronic balance disorders.

Hypertension and hypotension may result in balance instability and dizziness because of rapid orthostatic changes in blood pressure. Imbalance symptoms may also be related to the treatment of hypertension, because many antihypertensive 
medications have side effects of dizziness and disequilibrium. Pernicious anemia causes loss of proprioception and affects central processing.

Symptoms of arthritis include loss of flexibility and pain, resulting in less movement. Lack of exercise and decreased mobility are frequently responsible for further weakness and loss of balance in the elderly patient. Vision is extremely 
important for balance. A reduction in visual acuity requires central compensation that may be difficult for the elderly.

EFFECTS OF MEDICATIONS ON BALANCE

Many medications can lead to balance symptoms, including hypoglycemic agents, psychotropic agents, analgesics, and narcotics, particularly if used in excessive amounts. Some of the cardiovascular medications and antiepileptic 
medications also have side effects relating to balance.[9] Vestibular-suppressive medications can further reduce the sensitivity of the vestibular system, which is already reduced by the effects of aging. Vestibular-suppressive medications, such 
as antihistamines, benzodiazepines, and butyrophenones, are rarely helpful in the management of balance disorders in the elderly. These drugs cause a reduction in vestibular function, reducing the already lessened vestibular function and 
often making the symptoms worse. In addition to reducing vestibular sensitivity, the vestibular-suppressive medications have also been shown to reduce the ability of the brain to compensate to vestibular injuries.

OTHER FACTORS IMPACTING FALLS IN THE ELDERLY

Cognition can play a significant role in maintaining balance. [19] Age-related processes in the brain frequently cause people to become more forgetful and disoriented to their surroundings, often increasing the risk of falls. Confidence in their 
ability to perform activities of daily living tasks lessens. Many older patients with diminished cognition have trouble performing multiple tasks. They can either talk or walk, but not both. A significant number of elderly fallers have been 
shown to have anxiety and depression, which may increase their inactivity and their risk of falling while decreasing their quality of life.[16] [23] 

Many older patients also cease to exercise; therefore, their muscle strength, proprioceptive, sensory receptors, and joint flexibility diminish. The combination of
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all these processes culminates eventually in a person who has difficulty with rapid movements, later with normal locomotion, and, in addition, who develops a fear of falling and the consequences of falling and the related injuries. To a large 
extent, physical fitness and balance rehabilitation can be used to improve the quality of life in these patients. With lack of physical exercise, strength, particularly in lower extremities, decreases. Reflex time also increases in the elderly, 
further increasing the risk of falling. With aging, ankle and hip strategies for sway as a response to mild perturbations of balance are lost, forcing a use of stepping strategies. Because of the aforementioned losses in reaction time, by the time 
the elderly individual relocates the stepping foot, he or she has already lost balance to the point that a fall ensues.[36] 

In addition to the vestibular changes, there are also changes in the eye movement control system and alterations in vision and light perception. Significant age-induced changes occur in the central nervous system in areas controlling function 
for control of the eyes, the head, and the limbs. It is probably a slowing of the reflexes that mediate compensatory eye movements, head movements, posture, and locomotion that is the most important decrement to human balance function in 
normal aging. Smooth pursuit and saccade eye tracking tests are an excellent way to actually measure this decline in function. Plasticity, or the ability to change in response to a loss of sensory or central nervous function, also decreases with 
age.

Elderly patients with presbyastasis do not usually present like younger patients with a balance disorder. They most commonly complain of imbalance that is often gradually progressive, an unsteady walk, disequilibrium, and frequent light-
headedness or presyncopal sensations without loss of consciousness. They complain of these symptoms when standing or walking and usually report an improvement when they are sitting or lying down and not moving.

Anxiety and lack of motivation may lead to failure to respond to balance retraining therapy. Many of these patients have anxiety when placed in situations where they feel imbalance. Because it is necessary to do some exercises that stretch 
the patient's balance limits, it is necessary to evaluate and deal with the patient's anxiety related to imbalance. Although some fear of falling is reasonable in these patients, when the fear of falling limits their ability to be treated, it has to be 
dealt with. This can usually be done by gradually progressing the exercises as the patient is helped to do them with a therapist or a spotter.

Lack of motivation is a much harder problem to deal with. It is optimal to enlist family or friends to assist with the performance of the exercises and to aid in reducing possible depression. Antidepressants seem to have significant side effects 
in the elderly, but a gradual increase from low dosage often minimizes the side effects.

VESTIBULAR AND BALANCE FUNCTION TESTING

An excellent testing modality for determining age-related balance loss and predicting falls risk is Computer Dynamic Posturography (CDP). The two most informative subtests for elderly persons at risk of falling are the Sensory Organization 
Test (SOT) and the Limits of Stability Test (LoS).[17] In the SOT, patient sway is measured in various test conditions in which sensory information is distorted or removed. Vision and proprioception may be present, distorted, or absent in 
various combinations. For elderly individuals, an increase in postural sway is usually seen in all tasking conditions. This is particularly true for the testing conditions requiring intact vestibular function, such as standing on compliant or 



uneven surfaces with distorted or missing visual information. This is due to multisensory age-related deficits that occur in this patient population. Also, persons who reported a fear of falling had higher sway velocities than their age-matched 
controls. In one study of both healthy and fall-prone individuals older than age 75, the SOT portion of CDP did not correlate with frequency of falls, although there was a correlation with falling.[36] However, a significant correlation between 
falls and postural sway has been demonstrated in several other laboratories.[6] [37] [43] 

Another important piece of information this testing provides is the use of lower body strategies. Although a small degree of perturbation should result in an ankle or hip strategy, with the elderly, frequently a stepping strategy is initiated 
instead. By the time the stepping foot has been relocated, the person has been unable to maintain an upright posture, thereby sustaining a fall. By noting this loss of lower body strategy, therapists can design specifically tailored exercise 
programs to restore the use of the more appropriate ankle and hip strategies.

It has been shown in a number of laboratories that measures of postural control, particularly those that use CDP, primarily evaluate the functional ability of the patient. The sensory organs that include the vestibular system in addition to 
visual, proprioceptive, auditory, and autonomic systems are used simultaneously to bring sensory information to the brain and central nervous system. This information is then integrated at many levels and several areas of the cortex to 
coordinate a response, which is transmitted to the musculoskeletal system to produce movement of the eyes, head, trunk, and limbs.[45] Coordinated eye

3203

movements, posture, upright stance, and locomotion are the final product of this complex sensory system. The SOT, done as a part of the CDP battery, allows for functional testing of these systems. In such testing, an individual attempts to 
maintain a quiet upright posture while sensory inputs available for use (vision and proprioceptive/somatosensory information) are removed, individually and in combination.

The LoS test battery requires the individual to actually initiate movement. The degree of sway indicates how far the center of gravity can be moved around over the base of support while stability is maintained. This test has been shown to 
play a major role in the determination of falls risk factors for older persons, because falls usually occur not from a still position but when movement (such as walking) is initiated.[5] [17] It has been shown that changes in the human brainstem 
affecting balance occur with aging.[26] The medial vestibular nucleus, essential for normal function of the vestibuloocular reflex, exhibits a decrease in the number of neurons in direct correlation with the age of the subject tested. In addition, 
diameters of the neurons that did survive appeared much smaller.[3] Several other studies have reported that fallers have greater postural sway and unsteadiness than nonfallers and that persons with multiple falls demonstrate appreciably more 
sway than those with single falls.[6] [43] 

If CDP equipment is not available, there are many assessments with lower levels of technology and cost. Standing balance tests, which use multifactorial sensory testing involving vision, vestibular, and proprioceptive information, are highly 
useful. These include the Romberg test (and several variations) and the Clinical Test of Sensory Integration in Balance (CTSIB).[22] Tinetti[39] developed the "Adapted Balance and Mobility Assessment." This test requires a patient to perform a 
number of gait and balance maneuvers while the clinician observes the manner in which each task is accomplished and scores each task with a numeric value. The maximum achievable score is 28 (balance 16, gait 12), with 0 the lowest 
score. Several community and institutional-based studies have found that poor scores on this assessment are highly associated with an increased risk of falling.[18] [40] [41] 

Other tests include the Modified Falls Efficacy Scale (MFES)[21] ; the Berg balance test[7] ; the Fast Evaluation of Mobility, Balance and Fear (FEMBAF)[10] ; and the Activities-specific Balance Confidence test (ABC).[32] An excellent quick 
screening tool to determine falls risks is the Chair Rising Performance. Persons are timed and asked to rise out of an armless chair without using their hands. If the tasks requires more than 2 seconds for one trial or more than 18.5 seconds for 
five successive trials, studies have shown there is a predictive relationship of increased likelihood of falling.[27] 

There is a strong correlation between gait and falling. Decreased gait velocity, shorter step length, increased width of steps, large variability in step length and width, slow, careful turns, shuffling steps, and stooped posture all indicate an 
increase in falls risk factors.[38] 

When assessing an elderly patient for falls risks, it is important to obtain both a medical history and a falls history. It is necessary to define a fall; the patient's definition and the assessor's should be the same. Also, was it a true fall or a near 
falling episode? How did the fall occur? As a clinician, your definition of a fall and that of the patient should be the same. It is essential to obtain a thorough falls history from the patient (and any family members or caregivers who are 
present). A fall from a still stance with no known cause should be investigated further, because it is frequently a sign of severe risk of falling.[38] 

Electronystagmography (ENG) is useful in evaluating vestibular sensitivity and the eye tracking reflexes. In the performance of ENG testing, a number of changes from the normal values established for younger persons are seen in the 
elderly. Although alterations are seen in all the various portions of the test battery, the results most susceptible to aging are the ocular motor tests. Changes have been documented by several laboratories for saccade, pursuit, and optokinetic 
test results.[28] [34] On the basis of data obtained from studies of healthy individuals older than age 50, the authors recommend that thresholds for saccade latency be increased by 10 to 20 msec for every decade of age over 50 years. Similarly, it 
is recommended that the standard thresholds for saccade velocity be decreased by 10 to 20 degrees per second for each age decade over 50 years. Losses in accuracy during saccade testing have also been noted.[25] 

A significant decrease in pursuit gain was noted in this same study. Pursuit (tracking) is the test in the ENG battery that is most susceptible to age-related changes. The recommendation is that the threshold for gain values be lowered by 5% 
for each decade of age over 50 years. Decreased velocity for pursuit testing has also been reported as has decreased gain for optokinetic studies. Testing of the vestibuloocular reflex system with either rotational chair or head autorotation is 
also susceptible to age-related decrease in gains across frequencies.[25] [28] Bilateral decreased responses have been noted for caloric testing.[26] 

Although positional and positioning test results show little change with age in the normal vestibular system, the occurrence of benign paroxysmal positional vertigo
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(BPPV) has been shown to exponentially increase in incidence with increasing age. [20] This may be due to a loss in the adhesive nature of the gelatinous matrix of the utricle that normally holds the otolithic crystals in place. However, 
treatment with single maneuvers such as the canalith repositioning procedure,[11] the liberatory maneuver,[33] and various similar modified versions of these treatments[12] have been shown to be equally efficacious with elderly patients as with 
younger individuals. It is not uncommon for elderly individuals to have physical disabilities, such as fused cervical vertebrae, kyphoses, and scoliosis, that limit the extent of these treatments, necessitating an adapted version of the therapy. 
Habituation exercise therapy such as the exercises described by Brandt and Daroff[8] can also be used for these individuals. In addition, these exercises have been shown to prevent the recurrence of BPPV symptoms when performed on a daily 
basis after a successful single treatment maneuver.[4] 

VESTIBULAR REHABILITATION THERAPY



Vestibular rehabilitation therapy has been shown to be a highly effective treatment for elderly patients with presbyastasis.[13] [35] Whether these patients are seen in-house for therapy or given a home-based exercise program to perform, risk of 
falling must be considered and every attempt made to minimize it. Frequently, these individuals lack confidence and may not comply with a self-motivated, home-based therapy program. Therefore, these patients may need to be seen more 
frequently by the therapist than younger individuals. In all cases, it is of paramount importance to involve other family members whenever possible. Having a "spotter" during the therapy increases both safety and motivation. In addition, 
many of these individuals have difficulty remembering the correct techniques for the performance of the exercises, even though they are given thorough written instructions on the correct performance of the therapies. Gait retraining and 
exercises to improve strength, mobility, and reaction time are also an important part of the therapy regimen. Often, assistive devices may improve balance and reduce falls risks. However, if they are determined to be necessary, proper 
instruction on their use should be given.

Environmental issues in the home are also of paramount importance for this population, because more than half of all falls in the elderly occur at home. Occupational therapists' assessments address such issues as bed height, grab rails in the 
bathroom, lighting, flooring surfaces, and furniture placement.

Long-term maintenance exercises are also of major importance with these patients. As compensation for multisensory loss occurs with the performance of the therapies, decompensation may also occur if the exercises are not continued. An 
excellent maintenance program for elderly individuals is enrollment in a Tai Chi program. An experimental study showed that such exercise not only improved balance, reduced falls risks, and decreased the fear of falling in the elderly but 
blood pressures were also lowered significantly.[44] 

Examples of the exercises to address the most common vestibular and balance deficiencies in the elderly are presented in Table 141-1 .[13] [14] The exercises have been designed to fit specific deficits recognized during patient assessment, ENG 
and CDP studies, and/or patient complaints regarding activities that increase symptoms.

 
TABLE 141-1 -- VESTIBULAR, BALANCE, AND GAIT EXERCISES FOR ELDERLY PATIENTS

Ocular Motor Exercises   

Exercise Patient Instructions Illustration

EXERCISE TO INCREASE PURSUIT GAIN Hold a card with lettering at arm's length. Move the card left and right across the visual field, tracking 
with eye movement, keeping the head still. Repeat the full cycle 20–30 times. Do in the vertical and 
diagonal directions as well, increasing speed, but being certain to keep the letters in focus. Progress 
from sitting to standing to sharpened stance as above.

 

 

For patients who have pursuit abnormalities or 
subjective complaints in pursuit (tracking) ENG test

  

EXERCISE TO IMPROVE SACCADE 
LATENCY, VELOCITY, AND ACCURACY

Hold a card with lettering in each hand at arm's length, about 15 inches apart. Keeping the head still, 
move the eyes back and forth from card to card, 1 second per card. Repeat 20–30 times for the 
complete cycle. Can also be done in the vertical and diagonal planes. Progress from sitting to 
standing to sharpened stance as above.

  

For patients who have abnormalities or subjective 
complaints in saccade ENG test

  



HEAD MOVEMENTS IN PHASE WITH 
TARGET (×1 VIEWING)

Hold a card with lettering at arm's length, with eyes focused on the letters. Move the head from side 
to side, increasing speed with progressions. Repeat the entire cycle 20–30 times. Can also be done 
vertically and diagonally. Progress from sitting to standing (feet shoulder width apart) to standing 
(feet together) to standing partially pointed (one foot half way ahead of the other) to standing pointed 
(one foot completely in front of the other). Progress from standing on firm surface to compliant 
surface.

  

For patients with VOR deficits demonstrated in ENG 
testing and/or complaints of symptoms caused by head 
and/or eye movements

Post the card on the wall, with a plain background, progressing to with a busy patterned background.  

HEAD MOVEMENT OUT OF PHASE WITH 
TARGET (×2 VIEWING)

Hold a card with lettering at arm's length, with eyes focused on the letters. Move the head to the right, 
the card to the left, keeping the eyes focused on the letters. Then move the head to the left, the card to 
the right, keeping the eyes focused on the letters. Begin slowly and increase speed as you progress, 
but keep the letters in focus. Repeat the entire cycle 20–30 times. Can also be done in vertical 
direction. Progress from sitting to standing to sharpened stance as from above.

  

For patients with VOR deficits demonstrated in ENG 
testing and/or complaints of symptoms caused by head 
and/or eye movements

  

STANDING BALANCE EXERCISES Stand with feet together, maintaining balance by reaching out and touching the wall in front of you. 
Take the hands off the wall for longer periods of time. Begin by taking one hand at a time off the 
wall, alternating hands. Sharpen the stance.

 

 

For patients with balance complaints and/or difficulty 
standing without disequilibrium; also for patients with 
deficits seen in CDP testing

Stand with feet shoulder width apart, Narrow the base of support looking at a target on the wall. by 
sharpening the stance. Do first with arms outstretched, then close to the body, then folded across the 
chest.

 

For patients with balance complaints and/or difficulty 
standing without disequilibrium; also for patients with 
deficits seen in CDP testing

  

MOVING A BALL IN CIRCLES Circle with a ball. Focus your eyes on the ball. Move it in a circular fashion, both directions, 
increasing speed. Move your head and body with the ball. Progress from sitting to standing to 
narrowed stance.

 

 

For patients with balance complaints and/or difficulty 
standing and moving without disequilibrium; also for 
patients with deficits seen in CDP testing

  

WALL WALKING—SIDE STEPPING Stand with your back against a flat wall for support. Standing still, with your feet together, slide your 
left leg to the side about 6–8 inches. Then slide your right leg to the left so that both feet are touching. 
Repeat.

 

 



For patients with abnormal or ataxic gait; also for 
patients who cannot walk without symptoms of 
imbalance and disequilibrium, and for patients unable 
to walk without assistance, and/or with a history of 
falls when walking

Repeat the process by sliding your right leg to the side about 6–8 inches. Then slide your left leg to 
the right so that both feet are touching. Repeat progress by moving your feet further apart each time, 
by moving more rapidly, and by moving away from the wall.

 

WALL WALKING—CROSSOVER STEPPING Stand with your back against a flat wall for support. Standing still, with your feet shoulder-width 
apart, move your right leg move your in front of your left, crossing over. Then left leg behind the 
right, so that you are again standing with feet shoulder with apart. Repeat.

 

 

For patients with abnormal or ataxic gait; also for 
patients who cannot walk without symptoms of 
imbalance and disequilibrium, and for patients unable 
to walk without assistance, and/or with a history of 
falls when walking

Repeat the process by moving your left leg crossing in front of the right. Go back to the feet shoulder-
width apart stance by moving the left leg behind the right. Repeat progress by moving your feet 
further apart each time, by moving more rapidly by starting from a stance with feet together and 
ankles touching, and by moving away from the wall. All progressions should be directed by your 
therapist.

 

WALKING WITH HEAD MOVEMENTS Walk with your head in motion, left and right, increasing speed. Narrow the width of the gait. Move 
the head in the vertical (nodding up and down) direction as well. Practice tuming when you walk, first 
with large circles, then gradually smaller turns, both directions.

 

 

For patients with abnormal or ataxic gait; also for 
patients who cannot walk without symptoms of 
imbalance and disequilibrium, and for patients unable 
to walk without assistance, and/or with a history of 
falls when walking

  

WALKING—CHAIR TO CHAIR (SITTING TO 
STANDING)

With two chairs approximately 10 feet apart, walk from one to the other. When you reach the first 
chair, sit without using your hands, rising without using hands after 5 seconds. Go to the second 
chair, touch it, and with support, practice standing on one leg for 5 seconds. Repeat the entire cycle 
10 times. Add head movements as you progress and increase walking speeds and decrease width of 
gait.

 

For patients with abnormal or ataxic gait; also for 
patients who cannot walk without symptoms of 
imbalance and disequilibrium, and for patients unable 
to walk without assistance and/or with a history of 
falls when walking

  

OBSTACLE COURSES Step over objects, around furniture. Bend over, pick up objects, throw and catch objects, bounce them 
off walls, walk on differing compliance surfaces, and so on.

 

 

WALK AT THE GROCERY STORE Practice with minimal then no support from the cart. Begin with slow, small head movements, 
increasing speed and degree. Go when there are fewer people than when busier.

 

WALK AT THE MALL To begin, go slowly, stay near walls and go with flow of crowd. Increase speed, get away from walls, 
go against traffic, "window shop" with head movements.

 



EXERCISE PROGRESSIONS Do exercises by sitting then standing with head bent forward 30 degrees and bent back 30 degrees. 
Reach up as though for an object over the head. Bend over as though picking up an object from the 
floor. Progress from sitting to standing to sharpened stance.

 

 Do exercises in lowered room lights, then with eyes closed. Progress to standing on foam or pillow. 
Progress to standing on one leg. Begin with targets against a plain background and move to a busy 
visual background.

 

From Girardi M, McKenzie RA, Nakayama M: Vestibular rehabilitation therapy for the patient with dizziness and balance disorders: exercise protocols, Marion, Illinois, 2004, Vestibular Technologies, Inc.
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Chapter 142 - MÉNIÈRE'S DISEASE AND OTHER PERIPHERAL VESTIBULAR DISORDERS

David A. Schessel 
Lloyd B. Minor 
Juliam Nedzelski 

BASIC PRINCIPLES OF PERIPHERAL VESTIBULAR DISORDERS

The peripheral vestibular system includes the following: (1) sensory receptor structures that are responsible both for sensing the motion and position of the head in space and converting (transducing) the sensory stimulus into an electrical 
signal; and (2) the vestibular portion of the eighth cranial nerve that carries the encoded sensory information from the receptors to the central nervous system (CNS) in the form of neural activity.

Vestibular receptors lie within the temporal bone. Each is precisely oriented to detect head movement in a specific direction or plane; for example, horizontal head turning (angular acceleration) produces a change in the activity of the 
horizontal semicircular canals. Pitching the head front to back and side to side is detected by the superior and posterior semicircular canals. Linear head movements and gravity are sensed by the otolith organs, the utricle, and the saccule. All 
the receptors are tonically active. There is always a resting, spontaneous outflow of action potentials from the vestibular portion of the eighth cranial nerve. As the head is turned, this spontaneous activity is modulated up and down, a 
bidirectional response. For example, turning the head to the right in the upright position produces an increase in activity in the nerve coming from the right horizontal semicircular canal, whereas left turns decrease activity below the resting 



rate in the same canal. Paired, the two labyrinths (one in each ear) behave in a push/pull fashion. The CNS compares the input coming from each ear. When input is equal, the system is balanced and there is no sense of movement. When 
inputs are asymmetric, the CNS interprets this as a head rotation and as a result generates compensatory eye movements and postural adjustments, all of which lead to a conscious sensation of movement relative to the perceived movement of 
the head.

Very importantly, the CNS is capable of rebalancing itself, that is, compensating after an injury to the peripheral receptor. This is thought to occur as a result of the organism's ability to compare other sensory, visual, and kinesthetic inputs to 
vestibular input and, once recognizing the inaccuracy of the latter, to readjust the central response. As a consequence, the point of balance is reset. CNS compensation in an otherwise healthy individual results in near normal clinical recovery 
even if complete unilateral vestibular loss has occurred. However, compensation takes time, in the order of days.

Abrupt vestibular imbalance created by a labyrinthectomy leads to severe vertigo, nausea, and ataxia that gradually improve over the ensuing days. On the other hand, a slowly progressive lesion of the vestibular system does not typically 
cause spontaneous vertigo. Although vestibular function is destroyed, because it has occurred gradually, ongoing central adaptation masks the developing asymmetry between the ears.

As opposed to acute unilateral peripheral vestibular loss, bilateral vestibular loss, exemplified in a patient who has suffered ototoxicity, results in permanent clinical disability. Because peripheral vestibular input is lacking, the CNS is unable 
to make the required adjustments to head movements. If the loss is simultaneous and symmetric, there is no significant vertigo. The patient complains of worsened balance, especially in the dark. Fixed objects appear to jump with any head 
movement (termed oscillopsia). The symptoms are due to a now inefficient vestibulo-ocular and vestibulospinal system. It is important to recognize that as long as there is no asymmetry in vestibular input, even in the case of
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the complete absence of any vestibular activity, there is no sensation of vertigo.

CLINICAL RELEVANCE

The most important clinical feature in the diagnosis of peripheral vestibular dysfunction is its pattern of presentation. The importance of a well-taken history is paramount.

Vertigo is the illusion of motion, either of self (subjective) or the environment (objective). Although this chapter will not address the thorough neurotologic examination, it should be noted that a minimum vertigo history should address the 
following: (1) the duration of the individual attack (i.e., hours vs days); (2) frequency (i.e., daily vs monthly); (3) the effect of head movements (i.e., worse, better, or no effect); (4) specific position that induced (e.g., rolling onto the right 
side in bed); (5) associated aural symptoms (e.g., hearing loss and tinnitus); and (6) concomitant ear disease (e.g., otorrhea, prior surgery, trauma).

One of the most important features of the pattern of presentation of peripheral vestibular disorders is the duration of vertigo. Based on this parameter, the following classification of peripheral vestibular disease is put forward.

1.  Vertigo lasting minutes to hours
a.  Idiopathic endolymphatic hydrops (Ménière's disease)
b.  Secondary endolymphatic hydrops

1.  Otic syphilis
2.  Delayed endolymphatic hydrops
3.  Cogan's disease
4.  Recurrent vestibulopathy

2.  Vertigo lasting seconds (benign paroxysmal positional vertigo)
3.  Vertigo lasting days (vestibular neuronitis)
4.  Vertigo of variable duration

a.  Inner ear fistula
b.  Inner ear trauma

1.  Nonpenetrating trauma
2.  Penetrating trauma
3.  Barotrauma

c.  Familial vestibulopathy
d.  Superior semicircular canal dehiscence syndrome

5.  Bilateral vestibular deficit

VERTIGO LASTING MINUTES TO HOURS

Ménière's Disease

Ménière's disease (idiopathic endolymphatic hydrops) is a disorder of the inner ear associated with a symptom complex consisting of spontaneous, episodic attacks of vertigo; sensorineural hearing loss that usually fluctuates; tinnitus; and 
often a sensation of aural fullness. Despite this well-known symptom complex, Ménère's disease remains a controversial and often difficult disease for which diagnosis, pathogenesis, and optimal treatment can be determined. This is in part 
due to the dramatic variability that is the hallmark of this disease. This discussion will concentrate on popular thought concerning Ménière's disease and will indicate some of these underlying controversies.

Background

History.

In 1861, Prosper Ménière first described the symptom complex of the disease and proposed the pathologic site to be in the labyrinth. Interestingly, in his first description, vertigo was felt to originate in the CNS as "apoplectic cerebral 



congestion."[398] It was after his later recognition of the work of Flourens and his evaluation of a patient with labyrinthitis that he recognized the direct association of vertiginous symptoms with the inner ear.

In 1926, Portmann, believing Ménière's disease was secondary to endolymphatic hypertension, performed the first drainage operation of the endolymphatic sac.[380] 

In 1938, Hallpike and Cairns,[173] and independently, Yamakawa, demonstrated the histologic findings of "hydrops" in two patients with Ménière's disease.

Kimura and Schuknecht, in 1965,[240] produced hydrops in a guinea pig by destroying the endolymphatic duct and sac. In that same year, Dohlman caused a Ménière's-like pattern of vestibular dysfunction by infusion of artificial endolymph 
into the perilymphatic compartment in animals.

Incidence.

Wide variation exists among the published incidences of Ménière's disease. These vary from 157 per 100,000 persons in England to 46 per 100,000 in Sweden and 7.5 per 100,000 in France.[374] The incidence has reportedly increased in Japan 
since World War II.[98] Although diagnostic criteria have varied across epidemiologic studies, Ménière's disease has been reported to affect primarily Caucasians with a slight female preponderance. [20] [88A] [359] [375] [498] Overall, the female-to-male 
distribution is equal or slightly biased toward women (1.3:1). Ménière's disease is responsible for 10% of visits to the Dizziness Unit at Sunnybrook Health Science Centre, University of Toronto.[340] This reflects the prevalence of the disease 
among people complaining of dizziness in a tertiary referral center.

The age of onset of symptoms varies widely. Children four years of age have been reported, as well as individuals over 90.[360] The peak incidence is in the 40- to 60-year age group.[359] 

The frequency of bilateral disease is also unclear. Published reports cite ranges from 2% to 78%,[20] [460] 
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There are several reasons for this, one being a lack of consensus as to what criteria constitute the entity.[20] [169] Paparella and Griebe[361] noted bilateral hearing loss in 78% of patients with Ménière's disease. However, in only 32% of these 
patients was the diagnosis of bilateral Ménière's disease made based on the clinical picture. The diagnosis of bilateral disease is discussed later in this chapter. A second reason for the lack of consensus as to the incidence of bilateral disease 
stems from the progressive nature of the disease and the stage at which the patient is diagnosed. Several authors have stated that, if bilateral involvement has not occurred within 5 years of onset of disease in the first ear, then there is less 
likelihood of developing bilateral involvement.[134] This was also noted by Gacek and Gacek[147] in an outcome study of surgically treated patients. Alternatively, other studies have concluded that the incidence of bilateral disease increases 
continuously over time. [134] [361] [460] In a large population study by Kitahara[243] in Japan, bilaterality of disease was noted in 9.1% of individuals in their first year of experiencing symptoms. This increased steadily to 41.5% after 20 years of 
disease. Judging from these studies, an incidence of 45% seems reasonable.

Familial occurrence of Ménière's disease has been reported in 10% to 20% of cases.[327] [330] [353] [359] In a Swedish study, 14% of 91 patients studied were noted to have a familial distribution of the disease. An autosomal dominant mode of 
inheritance has been documented in several studies.[327] [351] Other studies have concluded that genetic inheritance played a role, but the mode of transmission was variable.[49] 

The incidence of Ménière's disease is noted to be elevated in individuals with certain genetically acquired major histocompatability complexes (MHC). Specifically, human leukocyte antigens (HLA) B8/DR3 and Cw7 have been associated 
with Ménière's disease.[46] [330] [514] The etiology for disease in these individuals may be autoimmune. This is discussed below in the etiology of Ménière's disease.

Pathogenesis

Ménière's disease is characterized by recurring attacks of vertigo, sensorineural hearing loss, tinnitus, and in some individuals, a fluctuating fullness in the ear. Acute attacks are superimposed on a gradual deterioration in sensorineural 
hearing in the involved ear, typically in the low frequencies initially. Over time, a reduction in responsiveness of the involved peripheral vestibular system occurs.

The pathologic basis thought to underscore these findings is a distortion of the membranous labyrinth. The hallmark of this is endolymphatic hydrops. [5] [7] [173] [428] This reflects the changes in the anatomy of the membranous labyrinth as a 
consequence of the overaccumulation of endolymph. This occurs at the expense of the perilymphatic space.[7] [251] [359] [429] 

Traditional thought has held that endolymph, which is produced by the stria vascularis in the cochlea and by the dark cells in the vestibular labyrinth, circulates in both a radial and longitudinal fashion. Radial circulation is primarily a local 
phenomenon, whereas longitudinal flow is characterized by absorption within the endolymphatic sac.[224] Direct measurements of the dispersal of markers in endolymph have failed to support previously established hypotheses of endolymph 
homeostasis, specifically longitudinal flow, radial flow, and dynamic flow theories.[408] In the case of hydrops, inadequate absorption of endolymph by the endolymphatic sac is the prevalent theory.[359] Temporal bone histologic equivalents of 
hydrops have been produced in animals as a consequence of disruption of the endolymphatic sac by various means, thereby supporting the above theory of pathogenesis.[115] [237] [270] [411] [518] 

Pathologic studies of the human sac in the hydrops patient have recorded perisaccular ischemia and fibrosis.[133] [516] Alterations in the size of the endolymphatic duct and sac along with reductions in tubular specializations of the lining of these 
structures have also been noted.[186] These authors also noted that the diameters of the ducts in both the diseased and nondiseased ears were smaller in patients with unilateral disease than in normal control subjects. This is suggested to support 
the theory that an abnormal endolymph drainage system may predispose individuals to the future development of Ménière's disease.

Imaging studies of individuals with Ménière's disease also identify abnormalities of the endolymphatic drainage system. Such studies suggest hypoplasia of the endolymphatic sac and duct reflected in the decreased visualization of the 
vestibular aqueduct and reduction in periaqueductal pneumatization on computed tomographic (CT) imaging.[79] [108] [490] In accord with the anatomic study of Hebbar and others[186] mentioned above, a CT study by Yazawa and Kitahara[516] [517] 
concluded that there was reduced retrolabyrinthine bone in both involved and contralateral temporal bones of patients with unilateral Ménière's disease compared with normal individuals. Because these anatomic variations are thought to 
develop within 3 years of birth, the authors (as in the pathologic studies above) propose this condition might predispose persons to the future development of Ménière's disease.

Magnetic resonance imaging (MRI) offers the advantage of imaging the actual membranous structures as opposed to the surrounding bone. Such studies also conclude that individuals with Ménière's disease
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have significantly smaller and shorter endolymph drainage systems.[4] [466] As in the CT study by Yazawa, both the involved and uninvolved ears in the Ménière's patients are reduced compared with control subjects. MRI has been used to map 
the various membrane-bound spaces in the inner ear of animals[507] and cadaveric human specimens.[444] Such imaging studies might eventually prove significant in the study of ongoing hydrops in humans.

Enhancement of the endolymphatic sac has also been seen on gadolinium-enhanced imaging of the involved temporal bone of Ménière's patients.[127] [292] This is interpreted as reflecting inflammation of the sac in these patients ( Figure 142-1 ). 
The prevalence of this finding has yet to be determined.

Other histopatholgic studies of the endolymphatic sac have failed to demonstrate such abnormal fibrosis or size discrepancies.[186] [405] [494] [495] [525] Rather, observed accumulations of excess glycoprotein in the sac lumen are suggested to reflect a 
functional disorder of the sac leading to abnormalities in endolymph homeostasis. Sudden shifts in endolymph volume caused by the failure of timely glycoprotein secretion or abnormal production of glycoprotein are suggested to be related 
to vertigo and hearing loss.[151] [439] Such glycoprotein may also reflect a normal mechanism used by the sac in its role as a regulator of endolymph homeostasis.[223] 

The possibility that alterations in endolymph production are responsible has also been suggested.[187] Human temporal bone studies have identified degeneration 

 
Figure 142-1 A, Nonenhanced axial T1-weighted image of right petrous bone demonstrating the nonenhancing endolymphatic sac (arrow) in a patient with Ménière's disease. B, Post-gadolinium T1-weighted image of the same patient. Note 
enhancement of the endolymphatic sac. (Courtesy of Dr. D. Fitzgerald, Washington, D.C.) 

 

Figure 142-2 Photomicrograph of a cross section of human cochlea demonstrating endolymphatic hydrops in a patient with Ménière's disease. Note the distension of Reissner's membrane into the scala tympani in the apical turn of the 
cochlea (arrowhead). (Courtesy of Drs. J. Rutka and M. Hawke, University of Toronto.) 
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This hypothesis is supported by the observed ability of the labyrinth to heal after rupture[241] and the production of acute, reversible, vestibular paralysis with perfusion of artificial endolymph into the perilymphatic space, which matches the 
pattern of vestibular dysfunction observed in Ménière's attacks.[26] [105] [445] Others are of the opinion that maldistribution of ions occurs as a consequence of a leaky perilymph-endolymph barrier rather than frank rupture.[221] [464] [523] Morphologic 
studies of Reissner's membrane do show a thinning of the membrane presumed to be caused by stretching.[523] However, there are no abnormalities in the intercellular tight junctions or the basement membrane on electron microscopic 
evaluation[222] and no alterations in permeability were noted in transport studies.[406] 

A biochemical hypothesis of Ménière's attacks is enticing, given that the receptor hair cell population is not severely reduced in the Ménière's patient. This theory is disputed by others who feel that ruptures in the endolymph limiting 
membranes occur rarely and constitute catastrophic events.[471] [485] Rather, they suggest that mechanical tensing and distortion of the membranous inner ear may be contributing factors.[484] [486] Although human data in this regard is lacking, 
manipulation of the animal model of experimental endolymphatic hydrops has supported a number of alternative theories.

Experimental Endolymphatic Hydrops

Kimura[237] was the first to occlude the duct in the guinea pig and thereby produce a reliable model of endolymphatic hydrops. It is worthwhile noting that similar attempts in the monkey[238] and the rat[290] have not been particularly successful. It 
was noted in cat that only mild hydrops developed after 3 years.[418] [426] 

When the endolymph drainage system of the guinea pig is occluded, hydrops develops rapidly.[197] [240] [409] There are differences, however, between the human disease and the experimental model. Morphologically, the hydrops is similar to that 
seen in humans. However, the loss of receptor hair cells and afferent sensory neurons is a prominent finding in the guinea pig. Ultrastructural studies identify degeneration in the neural endings, spiral ligament, and loss of all or portions of 



hair cells such as the cuticular plate.[109] [303] Membrane ruptures have not been observed in the animal model with chronic hydrops. Studies of acute overpressurization of the sac/inner ear do show changes suggesting microscopic ruptures may 
form due to epithelial cell death in Reissner's membrane.[128] 

Functionally, there is a similar general pattern of hearing loss in the disease and the model. There is an early low-frequency hearing loss followed by a drop in the high frequencies, leading ultimately to a flat loss in a matter of months. The 
preliminary use of chronic auditory recording techniques have suggested the presence of fluctuations in hearing.[198] [480] Nystagmus has been reported in these animals, and vestibular dysfunction does seem to occur. Experiments do suggest that 
when eye movements are monitored frequently that typical patterns of nystagmus are seen in an immune-mediated animal model of hydrops.[344] 

Despite this, the idea that the experimental model recreates the disease has not been proven to date. Some have suggested that it recreates the chronic progressive aspect of the disease and not the acute attacks.[198] Notwithstanding, it is clear 
that the fact that hydrops develops from simple duct obstruction and many of the behavioral changes seen in Ménière's disease are identifiable in the model support the conclusion that, with regard to the human disease, hydrops can be due to 
sac dysfunction and many of the functional deficits are precipitated by the development of hydrops. Furthermore, this shows that further research and correlative studies with the human disease will be paramount.

In an attempt to define the cause of hydropic, auditory, and vestibular dysfunction, the following has been observed. It has been noted in hydropic animals that inversion of the animal, which presumably produces an abrupt change in the 
relative pressure gradients between the endolymphatic and perilymphatic spaces, causes nystagmus. [9] [10] Similar maneuvers in nonhydropic controls, where endolymphatic and perilymphatic pressure is equal, have no such responses. 
Auditory function has similarly been noted to deteriorate with applications of pressure by fluid injection directly into the endolymphatic space.[128] [201] This observation suggests that abnormal endolymph pressure is capable of causing sensory 
failure in hydrops. In opposition to this, Bohmer[56] did similar experiments and noted that volume and pressure naturally fluctuate with activities such as respiration and bending. Due to the flexibility and distensibility of the membranous 
labyrinth, endolymph and perilymph pressure always remained equal. Pressure was not noted to increase in the guinea pig after surgical induction of chronic hydrops, but endocochlear potentials were lost.[497] Similar lack of pressure buildup 
in the endolymphatic space was noted when fluid was injected into the endolymphatic space. Pressure only rose after Reissner's membrane had distended to hit the cochlear roof. Because hearing was noted to deteriorate before pressure built 
up, the authors suggest pressure change is not the cause of hearing loss.
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Other proposed mechanisms by which hydrops develops and causes functional loss, deafness, and vertigo have been proposed. These include failure of hair cell transduction due to breakage of stereocilia tip links necessary for sensory 
reception.[199] Alterations in calcium [199] and chloride metabolism[106] may alter the osmotic gradients in the endolymph, causing accumulation of endolymph as well as the loss of endocochlear potentials necessary for hair cell function. These 
ionic disturbances may be caused by ischemia resulting from changes in local vasculature.[270] [339] A direct pressure sensitivity of vestibular hair cells has been recently identified in fish. Although not yet defined in other animals, this might 
prove significant in future research.[190] [382] 

Etiology of Ménière's Disease

The triad of hearing loss, tinnitus, and vertigo constitutes Ménière's syndrome. If the cause is unknown, it is defined as Ménière's disease. [358] [375] However, if a disease entity that is known to cause endolymphatic hydrops is associated with the 
syndrome, the diagnosis is one of secondary endolymphatic hydrops (i.e., syphilitic endolymphatic hydrops). These are discussed under separate headings later in the chapter. Numerous mechanisms have been implicated as the cause of the 
disease.

Obstruction of the endolymphatic duct is the basis for development of hydrops in experimental animals. This is accomplished by any lesion that can produce failure of duct function including mechanical blockage,[35] [202] [237] chemical fibrosis of 
the endolymphatic duct,[518] viral inoculation of the endolymphatic sac,[137] immunologically induced inflammation,[411] [520] and ischemia induced by mechanical obstruction of the sac vasculature.[270] Animal models only serve as histologic 
equivalents. This cannot be interpreted to reflect the actual cause of the disease in humans. As noted above, to date these models do not completely reproduce the clinical and pathologic entity experienced by humans.

The animal models do demonstrate that virtually any insult that results in failure of the endolymphatic absorption system can produce hydrops in the guinea pig. Similarly, a number of lesions have been seen in association with Ménière's 
syndrome in humans. Mechanical blockage of the endolymphatic duct in humans from otosclerotic foci or tumor can precipitate hydrops and a Ménière's-like syndrome.[129] [455] [522] [525] 

Autoimmune processes have been suggested as etiologic. Study of the human endolymphatic sac has suggested that it is the primary immunocompetent structure in the inner ear capable of processing antigen, synthesizing antibodies, and 
raising a cellular immune response. * This is concluded after histologic studies demonstrating interacting macrophages and lymphocytes as well as plasma cells in the perisaccular tissues and the presence of immunoglobulin (Ig) G, IgA, and 
secretory component in the cells of the sac stroma. [233] [386] [480] IgG and complement have been identified in the endolymphatic fluids,[170] 

Circulating immune complexes were found to be elevated in Ménière's patients.[68] [99] [170] [206] This has been interpreted to suggest that a type III immune complex-mediated vascular injury might be somehow responsible for the fibrosis noted by 
some in the endolymphatic sac of Ménière's disease patient. Perivascular as well as generalized deposition of IgG complexes are noted in patients with Ménière's disease. [107] In addition, immunoglobulins deposited in the endolymphatic sac 
tissues as well as in increased concentrations in the endolymph in Ménière's patients have been described.[101] [139] [516] The response of some patients to steroids and iontophoresis implicates autoimmunity as a possible cause in selected cases.[68] [138] 
[209] [483] 

Antibodies specifically directed against mesenchymal elements of normal inner ear have been found in the serum of Ménière's patients. [14] Yoo and others[521] and Tomoda and colleagues[483] surveyed the serum of patients with Ménière's disease 
and found elevation in antibodies specific to type II collagen. The authors also suggest that type II collagen autoimmunity may also be linked to otosclerosis. In a similar patient serum survey, Yoshino and others[524] also noted elevation in 
antibodies directed against type II collagen in Ménière's patients when compared to control subjects. However, the levels in such patients were not statistically different than those noted in non-Ménière's vestibular disease. Induction of type 
II collagen immunoreactivity in mice produces an otosclerosis-like lesion as well as hydrops with auditory and vestibular disfunction.[521] These results have yet to be corroborated.[180] Recent patient studies suggest autoimmunity may be 
causative of bilateral disease only and are unlikely involved in unilateral Ménière's disease.[402] 

The role of autoimmune-induced inflammation is supported in animal models. Fukuda and others[137] inoculated the endolymphatic sac of a nonimmunized guinea pig with guinea pig cytomegalovirus (CMV), causing hearing loss and hydrops 
with extensive infiltration of the inner ear due to the infection. However, inoculation of animals previously immunized against CMV failed to produce infection but caused an inflammatory reaction at the site of infection and a mild

*References [179] [384] [386] [387] [479] [480] [482] [493] . 
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reversible hydrops, suggesting that the host inflammatory response to the challenge might be the cause of the injury. Tomiyama and others[480] [481] [482] gave a secondary antigenic challenge by injection of antigen into the endolymphatic sac in 
animals previously immunized against keyhole limpet antigen hemocyanin, causing auditory and vestibular lesions and having some similarities to those of Ménière's disease.

Antibodies against a bovine 68-kilodalton heat shock protein (HSP70) have been regarded as an indicator of autoimmune inner ear disease. Studies have found them to be elevated in about 50% of patients with bilateral Ménière's disease.[100] 
[389] Recent controversy has developed over the occurrence of HSP70 as well as its use as an indicator of inner ear disease. Heat shock proteins are found in the inner ear. Their synthesis is increased in response to stresses, including infection. 
These are also noted to increase in patients with autoimmune diseases such as lupus and rheumatoid arthritis, as well as idiopathic bilateral progressive sensorineural hearing loss.[181] [331] [332] Antibodies to these proteins may develop when an 
organism with its own similar protein infects the host. It is speculated that cross-reacting antibodies generated by the host might be the cause of injury to host tissues in this way. Interestingly, such antibodies are more commonly identified in 
bilateral Ménière's patients when compared with individuals with unilateral disease. This association has recently been questioned by studies that have failed to demonstrate either sensitivity or specificity of HSP70 evaluation. [47] [54] [260] [390] [402] 
Hughes and others[210] suggest that autoimmune hydrops should be suspected in middle-aged women with concomitant autoimmune disease.

An autoimmune etiology may also be related to the familial/genetic occurrence of disease. Patient with Ménière's disease have an increased incidence of having specific genetically acquired human leukocyte antigens. Some of these have 
been linked to nonspecific and otic autoimmune disease formation.[46] [330] [401] [514] Despite this evidence, the histopathology of known autoimmune processes typically reflects an inflammatory reaction with infiltration of white blood cells and 
cellular destruction. This is the finding in known autoimmune disease such as Cogan's disease discussed later in this chapter. If autoimmune disease is responsible, clearly it is of a more indolent course or is temporally separate from the 
disease at the time of tissue sampling.

Viral infection, causing damage to the endolymphatic duct and sac, has been suggested as a cause of Ménière's disease.[428] The observed occurrence of symptomatic hydrops many years after unexplained deafness, so-called delayed 
endolymphatic hydrops, suggests that subclinical viral infection could cause hydrops many decades later.[431] In a study of the prevalence of antibodies to herpes simplex virus type 1 (HSV-1), 21 patients with Ménière's disease and an age-
matched control group demonstrated equal responses. However, analysis of reactivity to specific peptides suggested that the Ménière's patients might be prone to a greater viral recurrence rate than control subjects.[45] 

A comparison of perilymph to serum levels of IgG specific to HSV-1 demonstrated elevation in the ratio in the perilymph in Ménière's disease in comparison with otosclerosis. These, however, were elevated well above the ratios in control 
patients with samples taken at the time of cochlear implantation.[13] The authors suggest that herpes virus is commonly latent in cochlear nerve cell bodies. Reactivation allows the virus to enter the labyrinth, creating either chronic infection or 
perhaps immune-related injury to the sac and thus precipitating dysfunction. [501] This observation in light of the aforementioned study demonstrates transient hydrops after reinfection of previously immunized hosts with CMV.[137] 

The application of new techniques for the localization of specific antigens in fresh and archival tissues will hopefully be useful in clarifying this issue.[505] 

Other proposed mechanisms underlying Ménière's disease include ischemia of the endolymphatic sac and the inner ear.[270] [339] A common vascular mechanism for migraine headaches and Ménière's disease has also been proposed.[366] 
Experimental studies of cochlear blood flow have demonstrated autoregulation of blood flow in animals and humans.[307] Such responses to stress are modified and lost in hydropic animals. The authors suggest that similar changes in humans 
might leave hydropic persons sensitive to stresses to the inner ear.

As is evident from the discussion above, numerous factors are implicated as causative of Ménière's disease. Although this in part reflects our continued lack of understanding, it is also suggestive that Ménière's disease may be multifactorial 
or may represent the common end point to a variety of injuries or anatomic variables. We know of a number of processes that seem associated with the development of hydrops (e.g., trauma, acute otitis media, labyrinthitis, congenital inner 
ear deformity, idiopathic processes). These are not always associated with the development of symptoms.[18] [388] [427] It is possible that Ménière's disease is precipitated by a variety of events such as autoimmune, viral, traumatic, vascular/
ischemic, and even congenital anatomic and molecular variations. These events act as triggers for the development of symptomatic hydrops years later. This may set the stage for normally innocuous events to set off attacks (i.e., changes in 
barometric pressure,[245] [246] [247] noise exposure,[338] and menstrual cycle[8] ). In this way, Ménière's
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disease may represent the common end point to a number of diverse injuries.

Diagnosis

As will be discussed below, to date there is no test that makes the diagnosis of Ménière's disease. Rather, it is most importantly a complete history, including a detailed description of the pattern of disease presentation, supported by 
quantitative testing. The most recent definition of the disease has been established by the Committee on Hearing and Equilibrium of the American Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) and is summarized below.
[2] 

Clinical presentation.

The typical history consists of recurring attacks of vertigo (96.2%) with tinnitus (91.1%) and ipsilateral hearing loss (87.7%).[363] Attacks are often preceded by an aura consisting of a sense of fullness in the ear, increasing tinnitus, and a 
decrease in hearing. They may, however, be sudden in onset, with little or no warning. Attacks may awaken the patient from sleep.[31] Acute attacks typically last from minutes to hours, most commonly 2 to 3 hours. [31] [354] Attacks lasting more 
than a day are unusual and should be considered inconsistent with the diagnosis.[134] [461] 

The classical presentation described above is not always detailed by the patient. This is particularly true in the early phases of the disease. Often in retrospect, the disease seems to present with a predominance of either vestibular or auditory 
complaints.[76] [134] [359] [468] As an example, in the series by Kitahara and others,[249] 50% of patients presented with vertigo and hearing loss together, 19% with vertigo only, and 26% with only deafness. These variable initial presentations have led 
to the usage of the terms cochlear or vestibular Ménière's disease. We believe, as do others including the AAO-HNS Committee on Hearing and Equilibrium,[1] [2] that this is an inappropriate application of the diagnosis.[249] [461] Studies that have 
followed patients with "cochlear and vestibular" Ménière's disease have found that 80% of the cochlear Ménière's patients go on to have classic Ménière's disease. In the case of a patient with vestibular Ménière's, only 10% to 20% will 
develop classic Ménière's disease.[249] [363] This suggests that the majority of these patients do not have Ménière's disease. In addition, there is also no pathologic correlation for a vestibular Ménière's disease.[249] [271] This was also noted in the 
controlled study by Rauch and others[388] in which endolymphatic hydrops was uniformly absent in all temporal bones studied from patients with vestibular symptoms similar or indistinguishable from those of Ménière's disease though with no 
auditory symptoms. For these reasons, the term recurrent vestibulopathy is used to describe such individuals. It will be discussed subsequently. Patients who present with the audiologic features of Ménière's disease, but without the clinical 
triad of symptoms, may be described as having atypical Ménière's disease.



The clinical course of Ménière's disease is highly variable. Patients often have a cluster of attacks separated by long remissions. Silverstein and colleagues[450] found that vertigo ceased spontaneously in 57% of patients in 2 years, and 71% 
after 8.3 years. There may be single, sporadic attacks or periods of unrelenting, recurring attacks. Patients may be minimally inconvenienced or completely incapacitated. Although few long-term studies of large groups of Ménière's patients 
have been carried out, there are several that indicate the average expected outcome of persistent disease. [134] This study reported an average pure tone hearing loss of 50 dB, a mean speech discrimination score of 53%, and an average caloric 
response reduction of 50%. The mean frequency of attacks was 6 to 11 per year for the first 20 years, with wide ranges, and 3 to 4 per year after 20 years. Bilateral disease occurred in 47% of patients followed up for 20 years or more. Similar 
patient profiles have been noted by Stahle[459] and Kitahara. [243] 

Besides the incapacitating effects of the physical manifestations of Ménière's disease (vertigo, disequilibrium, hearing loss, tinnitus, and pressure), the disease is emotionally disabling. In a study of this aspect, Kinney and others[242] found 
patients associated the physically disabling aspects of Ménière's disease as equivalent to a relatively minor medical problem. However, the emotional impact of the disease in these same patients was equivalent to that of a major medical 
problem.

History and Physical Findings

Vertigo.

Incapacitating, spinning vertigo, usually in the horizontal axis, is the most distressing complaint of the affected patient.[358] It characteristically peaks early in the attack. As is typical of peripheral vestibular disfunction, the symptoms are 
exacerbated with any head movement. There is often accompanying nausea, vomiting, diarrhea, and sweating. However, the description and severity of attacks vary over time and between patients.[31] Between attacks, patients may be entirely 
asymptomatic or may describe periods of disequilibrium, lightheadedness, and tilt.[358] 

Sudden unexplained falls without loss of consciousness or associated vertigo are occasionally described. Tumarkin[489] attributed these to acute utriculosaccular dysfunction, so-called otolithic crises of Tumarkin or drop attacks. It is thought 
that, as a consequence of an
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abrupt change in otolithic input, an erroneous vertical gravity reference occurs. This in turn generates an inappropriate postural adjustment via the vestibulospinal pathway, resulting in a sudden fall.[25] [31] [350] Attacks are so sudden that injury can 
occur. The patient often describes being pushed or feeling the world moving.[25] The spells are short lived with little vertigo associated. Drop attacks have been reported in 2% to 6% of persons with Ménière's disease. They tend to occur in 
clusters and then spontaneously remit.[25] [225] The treatment for drop spells is that of Ménière's disease. They must be differentiated from other causes of drop spells such as cardiogenic vertebral basilar insufficiency and possibly migraine.[214] 

An unusual pattern of clinical presentation is that described by Lermoyez.[274] As opposed to typical spells in which tinnitus and hearing loss precede and worsen with the onset of vertigo, in Lermoyez attacks increased tinnitus and hearing loss 
precede the vertiginous episode and dramatically resolve with onset of vertigo.[413] The temporal bone studies of one individual with such attacks noted hydrops and membrane ruptures isolated to the basal turns of the cochlea and the saccule.
[513] 

An acute attack is rarely observed by a physician. Horizontal nystagmus is the cardinal finding during such an episode. The direction varies over the course of the attack. Early in the attack, nystagmus is often noted beating towards the 
affected ear, so-called irritative nystagmus.[26] Later, the nystagmus beats towards the healthy ear, "paralytic nystagmus." As the attack subsides and vestibular function improves, nystagmus often reverses towards the affected ear, so-called 
recovery nystagmus.[71] [299] The reliability of determining the involved ear on the basis of the direction of nystagmus is questionable.[102] [461] 

Hearing loss and tinnitus.

The sensorineural hearing loss in Ménière's disease is typically fluctuating and progressive. It often occurs coincident with the sensation of fullness or pressure in the ear. A pattern of low-frequency fluctuating loss and a coincident 
nonchanging, high-frequency loss is described, a "peaked" or "tent-like" audiogram. This peak classically occurs at 2 kHz. Over time, the hearing loss flattens and becomes less variable. Friberg and others,[134] on initial examination, found a 
flat audiogram in 21% of patients and peaked in 28%; an isolated high-frequency loss was rare. The authors further note that the flat audiogram was found in 74% of the same group of patients after 15 years of follow-up. Peaked and low-
frequency patterns of loss were also the most prevalent in other studies.[31] [358] Patients with Ménière's disease rarely become profoundly deaf. This occurs in 1% to 2% of severely affected patients.[459] It has been suggested that the rate of 
hearing deterioration may predict the future trend in hearing loss.[407] However, further confirmation is needed.

Additional features include diplacusis, a difference in the perception of pitch between the ears (43.6%) and recruitment (56%).[359] 

Tinnitus tends to be nonpulsatile and variously described as whistling or roaring. It may be continuous or intermittent. Tinnitus often begins, gets louder, or changes pitch as an attack approaches. Following the attack there is frequently a 
period of improvement.

Investigations

Electronystagmography.

Electrooculographic recording of eye movements after caloric and rotational stimulation constitute the most reliable method of assessing vestibular function. The caloric test is the most reliable for determining the involved ear. A significant 
caloric response reduction is found in 48% to 73.5% of patients with Ménière's disease.[50] [461] Complete loss of vestibular function, as elicited by the caloric test, is reported in 6% to 11% of patients.

Dehydrating agents.

The assumption that an increase in endolymph volume, with its effect on labyrinthine membrane behavior, produces, in part, the hearing loss and vestibular deficit in Ménière's disease has led to the administration of dehydrating agents (e.g., 
urea, glycerol, and furosemide). The goal is to reduce the volume abnormalities in the inner ear and produce a measurable change in response, that is, improvement in behavioral audiometric test scores, reduction in summating potential 
negativity (as recorded with electrocochleography), and a change in the gain of the vestibulo-occular response to rotational stimulation.[16] [95] [217] [255] [329] The reported sensitivity and specificity of the test varies widely. Klockhoff[252] reports a 60% 
sensitivity in cases of known Ménière's disease. Psychological factors also seem involved in test outcome, all leading some to question the usefulness of the test.[303] [474] 

The standard glycerol test consists of the administration of a loading dose of glycerin (1.5 g/kg mixed with equal volume of juice) followed by serial audiograms over 3 hours.[252] [254] A positive test results consists of a 16% improvement in 



speech discrimination or a total pure tone threshold shift of 25 dB at three consecutive frequencies.[500] 

Electrocochleography.

The summating potential (SP), as recorded by electrocochleography in Ménière's patients, is larger and more negative. This is thought to reflect the distention of the basilar membrane into the scala tympani, causing an increase in the normal 
asymmetry of its vibration.[121] [329] The salient features

3219

of the summating potential are somewhat controversial. The most commonly used value is the ratio of amplitudes of the summating potential and the eighth cranial nerve action potential (AP), the SP/AP ratio. This is based on the observed 
variability in the amplitude of the summating potential considering variables such as recording technique and electrode placement. The SP/AP ratio has been used to reduce the inter-test variability, resulting in a more linear response. The 
summating potential becomes relatively larger in hydrops, thus the SP/AP ratio increases.[162] Reductions in the (AP), amplitude will also increase the SP/AP ratio. This effect is noted in Ménière's patients as well as others with non-Ménière's 
auditory problems. These authors found elevated ratios in 62% of patients with Ménière's and 21% of control subjects. More recently, other characteristics of the summating potential and means to measure it have been proposed to increase 
the sensitivity of the test. Summating potential amplitude, recorded transtympanically in response clicks and 4-kHz tone pips and tone bursts, has been recommended.[150] [258] [275] [291] [317] Other studies have not shown large differences between 
extratympanic and transtympanic techniques.[149] Measurement of the width of the summating potential has been suggested, as has the area under the waves.[96] The difficulty in obtaining reproducible recordings, the variability of the wave 
amplitudes noted with patient age, hearing loss and stage of disease, as well as the availability of reliable, less invasive diagnostic methods, have resulted in electrocochleography infrequently being used for this purpose.[73] [121] [198] [303] 

Evoked and spontaneous otoacoustic emissions are shown to be abnormal in some individuals with Ménière's disease, but this is thought to vary with the degree of hearing loss as opposed to having a disease-specific diagnostic potential.[208] [250] 

Treatment

To date, there is no proven cure for Ménière's disease. Current therapy is aimed at the reduction of its associated symptoms. The optimal treatment should stop vertigo, abolish tinnitus, and reverse hearing loss.[403] Unfortunately, long-term 
hearing impairment does not seem amenable to treatment. [242] Currently, almost all proven therapy is directed at relieving the most distressing aspect of Ménière's disease, namely vertigo.

In a review of the available treatments for vertigo associated with Ménière's disease, Torok[488] found that all treatments, both medical and surgical, reported significant improvement in 60% to 80% of cases. The author interpreted this to 
indicate a common factor among diverse treatment modalities and suggested the possibility of a significant placebo effect. This conclusion was confirmed in a review and update of Torok's study by Ruckenstein and Harrison.[401] This is 
further supported in individual patient studies by others who report 71% resolution of symptoms in patients refusing surgical treatment[450] and in the placebo-controlled studies of both medical and surgical treatments by Thomsen and 
colleagues[469] [470] [471] [472] and Bretlau and colleagues.[67] These are detailed below. Many treatment modalities have been proposed for Ménière's disease. However, because of its extreme clinical variability, difficulty exists in quantifying treatment 
effectiveness. To this end, a set of guidelines for the assessment of treatments for Ménière's disease has been developed.[2] 

Medical Therapy

Prophylaxis.

Medical regimens aimed at the prevention of vertigo employ the strategy of reduction in endolymph accumulation. Such protocols include dietary modification, intermittent dehydration,[36] diuretics (see below), enhanced microcirculation of 
the ear (i.e., adenosine triphosphate, isosorbide, histamine and betahistine) (see below), and reduction in immune reactivity with steroids, immunoglobulin, and allergy therapy.[137] [210] [504] 

Dietary modification and diuretics.

Salt restriction and diuresis are believed by many to be the best medical therapy for Ménière's disease.[220] The goal of salt restriction, diuretics, and hyperosmolar dehydration is to reduce endolymph volume by fluid removal and/or reduced 
production. The ability of this form of therapy to reduce the symptoms of Ménière's disease has been reported. In one representative study on humans, diuretics controlled vertigo in 58% of patients and stabilized hearing in 69%.[253] [254] The 
author also reported that there was no permanent cessation of disease progression, especially with respect to hearing loss. Similar results were reported after daily administration of the hyperosmotic diuretic isosorbide.[248] [346] In contrast, double-
blind studies have shown no effect of diuretics.[200] [492] Carbonic anhydrase inhibitors such as acetazolamide were recommended based on the localization of carbonic anhydrase in the dark cells and the stria vascularis. However, their use has 
not proved to be clinically more effective than other diuretics.[36] [87] [220] [253] [442] Brookes and others[70] noted an exacerbation in hearing loss in patients given intravenous acetazolamide. The route of administration may be the factor here. Animal 
studies support the use of diuresis in the treatment of hydrops.[288] The authors feel diuretics constitute an effective treatment option for the control of symptoms in many individuals.

Vasodilators.

In the belief that Ménière's disease was the result of strial ischemia, vasodilating agents have been used.[506] Betahistine, an oral preparation of histamine, is one such medication.[195] [506] Quantitative
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improvement has not been consistently shown using these medications. Subjective improvement in hearing and vertigo was reported by non-Ménière's patients using betahistine.[355] Other agents used include the papaverine analog, eupavarine, 
nicotinic acid, adenosine triphosphate, and dipyridamole. [36] [69] [314] 

Symptomatic treatment.

Antivertiginous medications, antiemetics, sedatives, antidepressants, and psychiatric treatment have been reported to be beneficial in reducing the severity of the vertigo and vegetative symptoms and in improving tolerance of Ménière's 
symptoms.[36] [314] [381] [501] 

Other therapies.



Other therapies include holistic treatments such as acupuncture and herbal remedies,[111] as well as hypobaric pressure chamber therapy.[477] [478] Many of these therapies have been empirically applied and poorly documented. The rationale and 
results of some of the more conventional regimens will be discussed below.

Preliminary use of pulsed positive pressure applied to the inner ear via an air pump seated in the external auditory canal and a pressure equalization tube in the tympanic membrane has been suggested to be effective in both alleviating vertigo 
and improving hearing in patients with Ménière's disease. The postulated mechanism is to produce a redistribution and presumably a normalization of inner ear fluids in the hydropic ear.[29] [148] [349] Long-term follow-up studies of the efficacy of 
this treatment are not presently available.

Surgical Treatment

Surgical treatment is reserved for those patients who have failed medical management. This is estimated to be necessary in 10% of individuals.[72] [155] 

Although surgical procedures that ablate vestibular function (surgical labyrinthectomy and vestibular neurectomy) cure the acute attacks of vertigo associated with Ménière's disease, it is important to appreciate that central adaptation is 
crucial for clinical recovery. In our experience, only a third of patients are ultimately asymptomatic with respect to head movement associated instability. Fully two thirds of patients continue to appreciate some degree of motion-induced 
instability. In a small percentage of patients, especially the elderly, central adaptation may be woefully inadequate, resulting in significant handicap. In those patients undergoing vestibular ablation, it is important that early ambulation and 
head exercises be part of the treatment protocol.[122] [123] 

Surgical treatment can be broadly classified into those procedures that spare hearing and those that do not. Within the former group are those whose goal is the restoration of normal endolymph volume. These include the endolymphatic 
decompression procedures, that is, sac decompression (see below), the Tack procedure, [80] [81] and the Fick procedure.[124] Other hearing-conservative procedures are designed to ablate vestibular function in the affected ear without damage to the 
cochlea, that is, the vestibular neurectomy (see below), intratympanic gentamicin and inner ear streptomycin (see below), cryosurgery,[203] ultrasound,[5] and cochlear dialysis.[325] 

It should also be noted that cochlear implantation has been shown to be effective in patients with Ménière's disease and bilateral severe-to-profound hearing loss.[285A] 

Hearing-conservative nonvestibular ablative surgery

Endolymphatic sac decompression.

The first endolymphatic sac procedure was performed by George Portmann in 1926.[380] Subsequent modifications of endolymphatic sac surgery have been developed. All such surgery has a similar objective, this being the reduction of 
endolymph volume via increased drainage or increased absorption. Variations include exposure (decompression) of the sac and insertion of Silastic sheeting, tubing, gelatin, or tissue stents to keep the mastoid drainage pathway patent.[138] [244] [326] 
[364] [437] The drainage pathway has been routed to the epidural space by incision of the back wall of the sac,[156] [337] and stenting of the epidural drainage route with various tubes, including the one-way value used by Arenberg[12] and the tubed 
sponge developed by Austin.[17] [207] Based on the theory that Ménière's attacks were the consequence of sac dysfunction due to abnormal accumulations of glycoprotein, sac removal was tried. The results of such treatment are similar to those 
following routine sac drainage procedures.[502] 

The results of the above procedures are quite similar, both between studies as well as within studies where several techniques are compared. Complete resolution of vertigo is reported in about 50% to 75% of patients.[12] [59] [316] [322] [467] In a study 
comparing several methods of endolymph shunting, Glasscock and others[156] reported complete control of vertigo in 65% of patients, which fell to 50% after 10 years. A deterioration in results has also been noted in an outcome study by 
Brown.[72] Telischi and Luxford[467] reported stable results with over 10 years' follow-up in 63% of patients having undergone sac surgery. It is notable that 37% of their patients required further surgery for their disease. They also report that 
results were best when patients underwent surgery early in the disease process when symptoms were milder and fluctuating. Improvement and/or stabilization of hearing is reported in about 55% of patients, across studies. This matches the 
natural history of hearing loss in nonsurgically
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treated patients with Ménière's disease as opposed to hearing improvement from surgery.[323] Complications of surgery, excluding vertigo, are low and consist primarily of postoperative hearing loss, which occurs in 1% to 2% of cases.[12] [59] [364] 
Reports of wound infection, cerebrospinal fluid (CSF) leak, meningitis, facial paralysis (permanent and transient) are all reported.

Other therapies.

Temporal bone studies suggest that flow of endolymph may be obstructed before reaching the endolymphatic duct as a consequence of mechanical blockage of the utricular and saccular ducts. With intent to bypass this obstruction and 
improve the efficacy of endolymph drainage procedures, the cochleosacculotomy was developed to create a permanent fistula in the membranous labyrinth. This was done by introduction of a pick through the round window membrane with 
perforation of the saccule, behind the oval window.[422] Vertigo was reportedly controlled completely in 70% of patients. However, recurrence of symptoms and an unacceptable incidence of hearing loss have been major drawbacks.[58] [152] The 
Fick and Cody Tack procedures, previously mentioned, were similarly designed to create fistulas in the saccule via the oval window. Results have not been consistent with these procedures, and they have not been generally accepted.

The efficacy of various endolymph drainage procedures has been seriously questioned. Foremost in this controversy is the sham study performed by Thomsen.[472] In this study, the authors performed a simple mastoidectomy with or without an 
endolymphatic shunting procedure. Follow-up was double blinded in that neither the patients nor the examining physician were aware of which procedure had been performed. The results were identical for the two operations. Seventy-three 
percent of the patients undergoing a shunt procedure and 80% of the sham group realized improvement. These results have remained unchanged with subsequent follow-up.[67] [473] Furthermore, these results compare with the average outcome 
of all treatments identified by Torok[488] (70%–80%) and Ruckenstein and Harrison.[401] 

Corticosteroid infusion of the middle ear via a transtympanic route is presently under investigation as a hearing and vestibular conservative therapy for Ménière's disease. The presumed site of action is in the inner ear. The rationale for the 
treatment is based on the apparent role of autoimmune and inflammatory injury in the etiology of Ménière's disease. The results of such treatments have, in some initial series, been encouraging. * 

Hearing-conservative vestibular ablative surgery

Vestibular neurectomy.

Eighth cranial nerve and selective eighth nerve section for the treatment of intractable vertigo secondary to unilateral vestibular disorders were first performed in the early part of the 1900s.[33] [93] [131] [302] Although these were very effective in 



controlling vertigo, they were replaced in popularity by the peripheral destructive procedures (e.g., labyrinthectomy). Selective vestibular neurectomy via the middle fossa approach was introduced by House.[205] Applying this procedure or 
modifications of it has resulted in complete resolution of vertigo in approximately 95% of patients.[125] [218] [456] [218] Although hearing was initially reported to stabilize or improve in 51% to 83% of patients,[58] subsequent long-term study has 
demonstrated hearing loss consistent with the natural history of the disease process.[157] Complications of middle fossa approach include temporary facial weakness (3%–44%), total hearing loss (5%), subdural hematoma, CSF leak, and 
meningitis.[60] [160] [456] It has been suggested, for technical reasons, that the procedure be used only in patients younger than 60 years of age or in cases where retrolabyrinthine vestibular neurectomy has been unsuccessful.[58] 

Based on the anatomic studies by Streeter in 1907, selective section of the vestibular nerve from a posterior, suboccipital approach was first performed in 1931 by McKenzie.[302] Silverstein and others [448] [449] reintroduced a modified version of 
the above, the retrolabyrinthine vestibular neurectomy. Complete remission of vertigo was reported in 82% of patients. Results were less than expected, presumably due to an inability to section vestibular fibers intermixed in the cochlear 
nerve. Investigators have modified the approach, enabling the surgeon to access the vestibular nerve in the lateral portion of the internal auditory canal.

Both the retrosigmoid and suboccipital approaches are used. Vertigo remission is now comparable to the middle fossa approach, with a 93% complete response. [154] [160] [235] [449] Other studies have demonstrated greater vertigo control with the 
retrosigmoid approach when compared with the retrolabyrinthine. [302] This is presumably due to the ability to section the vestibular nerve more distally in the internal auditory canal when the fibers are less intermixed with the cochlear nerve. 
Complications of the retrolabyrinthine approach, include CSF leaks (3%–10%), facial paralysis (0–2%), and hearing loss.[58] [160] [448] Immediate postoperative deafness variably ranges from 1% to 8% after the posterior fossa approaches.[160] [301] [397] 
Although the suboccipital approach has a very low incidence of CSF leak, it is associated with a significant incidence of postoperative headache.[160] [301] [449] 

*References [15] [34] [53] [192] [371] [440] . 
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Intratympanic injection of aminoglycoside medications.

Aminoglycoside ototoxicity is well recognized. Streptomycin and gentamicin, by virtue of their more selective vestibular toxicity, have been instilled locally into the middle ear as a treatment for unilateral Ménière's disease. * Studies have 
demonstrated rapid diffusion of these drugs across the round window membrane into perilymphatic and endolymphatic fluids[40] [377] The initial studies used streptomycin. Vertigo was abolished in 60% of patients; however, hearing was lost in 
the majority.[415] Gentamicin has been most commonly used in subsequent investigations. The drug is instilled through the tympanic membrane, into the middle ear via a small needle or an indwelling catheter. Protocol for drug administration 
has varied. Several investigators have described daily instillation until signs of vestibular or cochlear loss are evident. In this instance, the goal of the procedure is to reproduce that of labyrinthectomy or vesibular nerve section and ablate 
vestibular function in the treated ear. Vertigo control has been reported at approximately 90%, with hearing loss in 6% to 30% of patients.[348] In a rigorous study at the technique at the University of Toronto, Nedzelski and colleagues[341] [342] 
administered drug intratympanically in a fixed protocol (17 mg/dose, given three times daily with a 12-dose total). Using the AAO-HNS criteria, 83% of patients had no further spells of vertigo with a minimum 2-year follow-up, with all 
patients experiencing at least a substantial reduction in the number of spells. Treatment has been carried out on an outpatient as well as inpatient basis. Profound hearing loss consequent to treatment was precipitated in 10% of patients.

In an attempt to further reduce the rate of hearing loss, recent protocols have given less frequent intratympanic injections of gentamicin. These protocols have involved weekly injections until development of signs on clinical examination of 
vestibular hypofunction[309] or, more recently, a single intratympanic injection with additional injections given only as needed for control of vertigo.[75] [178] Quantitative evaluation of the angular vestibulo-ocular reflex evoked by rapid head 
thrusts has shown that the vestibulo-ocular reflex elicited by excitation of semicircular canals on the treated side is typically reduced after even a single intratympanic injection of gentamicin, although the level of reduction is not as great as 
that seen after surgical vestibular ablation.[75] Thus, cessation of spells of vertigo as opposed to complete loss of vestibular response on the treated side is the endpoint of treatment. Complete vertigo control has been reported in 70% to 90% of 
patients, with the remainder usually experiencing substantial control. These findings indicate that complete ablation of vestibular function in the treated ear is not essential for control of vertigo in most cases.[48] [75] [196] Profound hearing loss in 
the treated ear after intratympanic gentamicin has been noted in 0% to 4% of patients.[178] [191] [277] 545 Long-term hearing outcome in patients treated with low-dose intratympanic gentamicin therapy is similar to patients whose symptoms have been 
medically managed.[512] 

The use of intratympanic gentamicin in the treatment of unilateral Ménière's disease is now considered the first line among the invasive vestibular procedures that have an effect on vestibular function.[194] It should be remembered that, because 
even a single intratympanic injection of gentamicin typically results in a reduction of vestibular function in the treated ear,[75] medical measures (such as a low-salt diet and diuretics) should be considered before proceeding with intratympanic 
injection of gentamicin.

The results of treatment consisting of direct injection of aminoglycosides into the perilymph/endolymph via an opening created in the horizontal semicircular canal, first described by Shea,[438] have recently been published.[345] Good control of 
vertigo is reported; however, hearing loss appears significant. One recent presentation reported substantial hearing losses after infusion in more than one third of patients, most to the severe or profound level. The technique is generally not 
used.[321] 

Other procedures.

Other hearing preservation procedures include cryotherapy[203] [510] and ultrasound treatment.[257] Although these treatment modalities are not commonly performed, some physicians have discussed their use in clinical treatment.[101] [374] 

Non-Hearing-Conservative Vestibular Ablative Therapy

Labyrinthectomy.

Labyrinthectomy is an effective treatment for vertigo in a patient with Ménière's disease when serviceable hearing is absent (pure tone average >60 dB, discrimination <50%[166] ). Several techniques are described: ablation with hypertonic 
saline,[86] as well as transcanal, transmastoid, and translabyrinthine cochleovestibular neurectomy. [42] [165] [166] [415] Some authors advocate destruction of Scarpa's ganglion on the basis of possible development of a neuroma after labyrinthectomy. [281] 
This has been questioned by others.[421] Gacek and Gacek,[146] [147] although having identified persistent vertigo due to a Scarpa's ganglion neuroma after labyrinthectomy, also noted more rapid recovery and less persistence of disequilibrium after 
labyrinthectomy vs selective vestibular neurectomy.

*References [3] [37] [38] [53] [259] [265] [348] [351] [415] . 
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This is ascribed to the persistence of Scarpa's ganglion after labyrinthectomy providing a tonic input to the CNS, thus reducing postoperative asymmetry. Excellent results are reported using all the aforementioned techniques, with resolution 



of symptoms in greater than 90%.

Bilateral Ménière's Disease: Parenteral Streptomycin

The objectives of treatment in a patient with symptomatic bilateral Ménière's disease are relief of vertigo and auditory preservation. Streptomycin sulfate is primarily vestibulotoxic. It can be administered parenterally with resultant ablation 
of peripheral vestibular function while leaving hearing largely unchanged.[176] [415] [508] Although early use included instances of unilateral disease, the treatment is now indicated for incapacitating bilateral Ménière's disease only.[156] 

Whereas initially patients received streptomycin until the ice water response was absent (e.g., 1.5–3.5 g/day for 17.5 days average; 39 g mean total drug dose),[508] others have suggested a lesser total dose (e.g., 20 g total). * The rationale for the 
latter being based on preserving some degree of vestibular function such that the disabling oscillopsia and vestibular ataxia are less severe. Furthermore, should symptoms recur, retreatment with a lesser dose is an option.

Immunosupressant therapy for bilateral Ménière's disease is presently under study. Treatment with chronic steroids and, more recently, other non-steroid-immunosuppressant medications such as methotrexate, have shown promise in some 
indivuals but require further evaluation at this time.[297] 

Otologic Syphilis

Syphilis has been estimated to account for up to 6.5% of unexplained sensorineural hearing loss. It was found to be the cause of symptoms in 7% of patients said to have Ménière's disease.[39] [94] Thirty percent of patients suffering from 
congenital syphilis and 80% of symptomatic neurosyphilis patients experience hearing loss as a major symptom.[94] [336] [465] 

Otologic involvement can be grouped into two categories: early syphilis, symptoms occurring within 2 years of exposure, and late otologic syphilis, when the disease becomes symptomatic after 2 years.[94] [110] [227] Vestibular symptoms are noted 
in both. The pattern of presentation varies.[39] 

Vestibular symptoms are less frequent in early syphilis. When present, they vary from mild imbalance to those of protracted vertigo with vegetative features lasting days. Hearing loss is rapid, bilateral, and frequently profound. [94] Late-stage 
otologic syphilis, whether acquired or congenital syphilis, can present up to 50 years or more after exposure.[372] This later form of the disease has cochleovestibular symptoms indistinguishable from Ménière's disease.[39] [227] Episodic vertigo 
lasting minutes to hours and fluctuating, asymmetric, sensorineural hearing loss with recruitment and tinnitus are described.[94] [110] [328] 

Temporal bone findings in syphilis vary with the stage of disease. In early syphilis, a treponeme-induced meningoneurolabyrinthitis occurs that incites an inflammatory response within the vestibular and cochlear nerve, as well as the 
labyrinth.[328] [336] Systemic symptoms frequently overshadow the otologic ones and include signs of meningitis. In the case of early congenital syphilis, systemic involvement may prove to be fatal. [94] Late-onset syphilis, whether acquired or 
congenital, is a distinct entity.[39] Inner ear symptoms are a result of otic capsule involvement. Obliterative endarteritis and mononuclear infiltration, producing periostitis (endosteal inflammation found especially in the semicircular canals), 
and gummatous osteitis/periostitis (when a gumma has central necrosis with surrounding lymphocytic infiltration and vascular occlusion) have been documented. These, in turn, cause atrophy and fibrosis of the membranous labyrinth, 
narrowing of the endolymphatic duct and sac, and subsequent endolymphatic hydrops. [39] [227] [282] [328] Osteitis within the ossicles can result in fixation, leading to an additional conductive hearing loss.[94] [335] 

Interstitial keratitis is a feature of 90% of patients with late-onset otologic syphilis, whether congenital or acquired.[515] The triad of sensorineural hearing loss, interstitial keratitis, and notched incisors, called "Hutchinson's triad," is an 
exclusive feature of late congenital syphilis. [94] 

Hearing loss can be unilateral, bilateral, sudden, of gradual progression, or fluctuating type.[212] [227] Hennebert's sign (nystagmus and vertigo produced by pressure change on the ear, thought to be due to deformation of a softened, gummatous 
otic capsule) and Tullio phenomenon (nystagmus and vertigo caused by loud noise), while often encountered in syphilis, are not pathognomonic of the disease.[212] [328] 

Although the treponeme has been isolated from sampled perilymph, [505] serologic testing is the only method by which syphilis is diagnosed.[212] 

The venereal disease research laboratory and the RPR non-treponemal tests are easily performed and relatively inexpensive. They are the most commonly used screening tests for syphilis. Sensitivity varies with the stage of disease. In view 
of the fact that otologic symptoms occur in late-stage disease, non-treponemal tests detect only 70% of patients.[212] They
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are useful in following therapeutic response, by change in titer and loss of reactivity. On the other hand, treponemal tests (e.g., free treponemal antigen absorption [FTA-abs] and microhemagglutination treponema pallidum [MHATP]), 
which detect the presence of the organism, are far more sensitive; these tests detect 95% or more of patients with late disease. The FTA or MHATP and their variations are the tests of choice for the detection of otologic syphilis.[39] [212] [328] In 
view of the fact that neurosyphilis is rarely noted in the presence of otologic disease, lumbar puncture is not necessarily warranted.[39] 

The treatment of otologic syphilis varies. Some authors think that in the early stages of the disease, treatment with antibiotics alone (e.g., benzathine penicillin 2.4 million units IM) provides a cure and frequently results in hearing 
improvement.[94] Additional use of a 10-day course of steroids is advocated by others.[19] [328] Although consensus is lacking as to exact drug treatment for late-stage disease, it is generally agreed that there is a need for protracted therapy with 
both antibiotics and steroids. Difficulty in eradication of the infection, despite adequate antibiotic therapy, is ascribed to a prolonged dividing time for the treponeme in late-stage disease.[94] [287] [505] Antibiotic regimens of varying duration (e.g., 3 
weeks to 1 year) have been suggested. A neurosyphilis treatment protocol has been used consisting of 1.8 million units of procaine penicillin IM daily with 500 mg of probenicid PO qid for 17 to 21 days. It is suggested that otic syphilis and 
neurosyphilis are comparable with respect to treatment.[94] Prednisone (40–60 mg/day) is given for at least 2 weeks before tapering. Steroids are used in part to minimize the potential damage to the ear by the inflammatory response 
(Herksheimer reaction) noted early in the treatment of syphilis. Prolonged maintenance steroid therapy may be necessary. Improvement in hearing, particularly of the speech discrimination, is noted in 35% to 50% of cases, along with 
resolution of vestibular symptoms.[39] [94] Intravenous ceftriaxone has been used in the treatment of neurosyphilis in HIV-infected patients.[293] 

Delayed Endolymphatic Hydrops

This disorder was first described by Nadol and Wolfson in 1975. Delayed endolymphatic hydrops is characterized by the development of attacks of vertigo, identical to those of Ménière's disease, in a patient who has had a previous, 
profound loss of hearing in one or both ears. The reported time between the loss of hearing and the development of episodic vertigo varies widely, (1–74 years) but is invariably separate from the initial hearing loss.[189] [271] [362] [431] [511] 



Causes of the initial hearing loss vary. Head trauma (acoustic and physical), viral labyrinthitis (mumps, influenza), idiopathic sudden sensorineural hearing loss, mastoiditis, meningitis, diphtheria, measles, and early childhood deafness of 
unknown etiology are all reported. * 

The presence of hydrops is supported by several studies. Analysis of fluid, aspirated via stapedotomy, has been confirmed to be endolymph. This is thought to be a consequence of the distended saccule being adherent to the underside of the 
stapes footplate.[271] Dehydrating agents, such as furosemide (Lasix), improve the vestibular response of the affected ear, the so-called Lasix test.[140] [189] 

Temporal bone studies demonstrate endolymphatic hydrops in both forms of the disorder. In the case of ipsilateral disease, hydrops is superimposed on evidence of prior cochlear damage (e.g., viral infection).[278] [362] 

The cause of delayed endolymphatic hydrops is unknown; however, it is assumed that it develops as a consequence of a preceding insult to structures necessary for endolymph homeostasis.[362] The delay is possibly reflective of the time 
required for humans to develop hydrops after an insult.[271] 

Diagnosis is based on the pattern of presentation of vertigo, being Ménière's-like, and the history of prior severe hearing loss. The opposite ear is normal in every respect.

There are reported cases of Ménière's syndrome developing in patients who have realized a profound contralateral hearing loss years previously. [140] [431] It has been suggested that such individuals may have experienced a form of delayed 
endolymphatic hydrops. It is postulated that the agent causing deafness in one ear, perhaps viral, was responsible for initiating a series of events in the contralateral, healthy ear, which although not causing deafness at the time of infection, 
resulted in hydrops years later.[431] 

Labyrinthectomy has been used with excellent results.[431] In those instances where delayed hydrops has occurred in the only hearing ear, conservative, medical management similar to that of Ménière's disease is recommended. [189] [271] 

Cogan's Syndrome

Cogan's syndrome was first described in 1945 and is characterized by interstitial keratitis, Ménière's-like hearing loss, and vestibular symptoms as well as nonreactive tests for syphilis.[82] [83] The syndrome is divided into typical and atypical 
forms based on specific ocular findings. The typical form includes interstitial keratitis, whereas the atypical form has ocular findings of
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scleritis, episcleritis, papilledema, and retinal detachment.[183] Ten percent of patients with Cogan's syndrome have the atypical form.[43] Multisystem involvement, including the CNS and inflammatory vascular disease, is a feature of Cogan's 
disease. Of the two forms, systemic features are noted more commonly in atypical Cogan's disease.[183] In the typical form, the heart and lungs are the usual site of systemic involvement including aortitis, aortic insufficiency, pleuritis, 
pericardial effusion, coronary arteritis, and myocardial infarction.[183] [211] In atypical Cogan's disease, systemic features arise from a systemic vasculitis (e.g., polyarteritis nodosa, arthritis, glomerulonephritis, gastrointestinal problems).

Ocular and inner ear findings occur concurrently or within 6 months of each other.[183] Ocular complaints include photophobia, blurred vision, lacrimation, and pain. These symptoms may be unilateral or bilateral. [373] Onset is usually sudden, 
and resolution is gradual. There may be recurrences for years. Ocular pathology includes infiltration of the cornea with lymphocytes and plasma cells as well as corneal neovascularization. [183] 

Balance-related symptoms are similar to those of Ménière's disease and consist of sudden attacks of true vertigo with ataxia and vegetative symptoms. Progression to the complete absence of vestibular function, manifested by ataxia and 
oscillopsia, is common.[183] [373] 

The initial configuration of the hearing loss is similar to that of hydrops: peaked shaped.[43] [183] In addition, the administration of glycerol has been shown to result in a transient improvement in hearing. However, unlike Ménière's, hearing loss 
is bilateral and progressive without spontaneous improvement, frequently becoming profound.

Endolymphatic hydrops and abnormal bone formation have been demonstrated in temporal bone studies.[509] Inflammatory infiltration of the spiral ligament of the cochlea and cellular debris within the endolymphatic spaces are also noted.

Cogan's syndrome is thought to be of autoimmune basis. This suspected etiology is based on lymphocyte transformation tests, migration inhibition to inner ear tissues, the associate incidence rheumatologic diseases, presence of lymphocytes 
and plasma cells in the ear and eye, as well as the clinical response to systemic steroids.[183] [211] 

Clinically, patients often report having had an upper respiratory infection within 7 to 10 days of initial onset of Cogan's syndrome.[183] Raised IgG and IgM titer to Chlamydia sp. are reported in association with active Cogan's. Furthermore, 
antibody titers are noted to decrease with remission of disease. For this reason, it has been suggested that an acute infection, perhaps Chlamydia, promotes sensitization of the immune system to "self" and leads to immunemediated disease.[183] 

Corticosteroids, both systemic and topical, are the accepted treatment. In addition, cyclophosphamide and methotrexate have been recommended by some authors. [211] Generally, systemic steroid treatment leads to hearing improvement, as 
opposed to near uniform deafness that can occur without treatment.[183] [184] Hearing improvement is best realized if therapy is instituted within the first few weeks of onset. A treatment regimen of prednisone, administered at 2 mg/kg/day for up 
to 14 days, followed by a taper to an alternate-day maintenance schedule, is recommended. [183] If systemic vasculitis is associated, cyclophosphamide is added.

Recurrent Vestibulopathy

The clinical term recurrent vestibulopathy was first used by LeLiever and Barber[272] to describe a particular clinical entity. Typically, individuals describe attacks of vertigo similar to those of Ménière's disease, however, without audiologic 
symptoms such as, tinnitus, hearing loss, or a sensation of fullness in the ear. Focal neurologic features are absent. The patient typically describes the onset of vertigo as sudden, lasting minutes to hours (typically less than 24 hours), and 
recurring at variable intervals. Before the introduction of this descriptive diagnosis, patients presenting with this pattern of disease were classified as having "vestibular" Ménière's disease. However, clinical evidence tends to support the 
conclusion that this is a distinct entity.

Vertigo has been found to be the presenting symptom of Ménière's disease in 50% of 318 patients studied retrospectively.[468] A second symptom, either hearing loss or tinnitus, began within 2 years in 76% of patients and within 5 years in 
97%. Of 83 patients with recurrent vestibulopathy who were followed up for a mean of 9.5 years,[272] [496] [404] the diagnosis of recurrent vestibulopathy was changed to Ménière's disease in only 14% of the cases. The natural history of recurrent 



vestibulopathy is distinctly different from that of Ménière's disease.[272] 

No cause for the disease is known at this time. A viral etiology has been postulated on the grounds of its similarities to vestibular neuronitis. [404] In addition, there is a case report describing two cases of recurrent vestibulopathy in a family 
with a reference case of Ramsey Hunt Syndrome.[283] 

Recurrent vestibulopathy is relatively common. It is diagnosed in 9.3% of patients seen at the Sunnybrook Health Science Centre Dizziness Unit. [340] The mean age of onset is 37 years vs 45 years for Ménière's. Sex distribution is equal. A 
unilateral
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reduction in caloric responses was found in 22% of these patients. This is significantly less than the 50% incidence noted in the Ménière's patient population.

The prognosis for uneventful recovery is good. Seventy percent of patients initially diagnosed as having recurrent vestibulopathy in the study went on to experience spontaneous resolution of vertigo over the follow-up period of 9.5 years.[272] 
Eight percent continued to experience disease symptoms. Nine percent noted resolution of recurrent vestibulopathy; however, they also experience symptoms and/or signs of benign-type paroxysmal positional vertigo. None of the patients 
initially diagnosed as having recurrent vestibulopathy developed symptoms indicative of CNS disease.

Symptomatic and supportive treatment, when required, proved sufficient. A small number of patients were administered diuretics with no improvement. Vestibular neurectomy was carried out on one patient, which proved curative.

VERTIGO LASTING SECONDS

Benign Paroxysmal Positional Vertigo

As of the writing of this chapter, Benign paroxysmal positional vertigo (BPPV) is truly a hallmark disease in the field of vestibular medical science. BPPV is generally agreed to be the most common peripheral vestibular disorder. It is a 
fascinating disease, the hallmark of which is the onset of brief (seconds) spells of often severe vertigo that are experienced only with specific movements of the head. But foremost is that, as our understanding of this disease has evolved, 
specific therapies based on these theories have been developed, finally allowing us to control the symptoms of this disorder.

Background

The disorder was first described in 1921 by Bárány. [28] He recognized several of the cardinal manifestations of BPPV, including vertical and torsional components of the nystagmus, the brief duration of the nystagmus, and the fatigability of 
the nystagmus and vertigo. Bárány did not, however, correlate the onset of the nystagmus with the positioning maneuver. He erroneously concluded that an abnormality in the encoding of head position by the otoliths was responsible for the 
symptoms and signs he had noted.[267] In 1952, Dix and Hallpike[103] [104] reported this entity in a large group of patients. They described the Dix-Hallpike maneuver for eliciting the classical pattern of nystagmus and its associated symptoms. 
They recognized the important features of the nystagmus occurring in BPPV including its latency, directional characteristics, brief duration despite maintaining the offending head position, reversibility upon returning the patient to a seated 
position, and fatigability from repeated testing. They correctly identified the offending labyrinth but incorrectly concluded that BPPV results from an otolithic disturbance.

Schuknecht[416] reviewed the previous studies of BPPV, including the temporal bone histology of several patients who had experienced the disorder. He noted extensive utricular destruction in these patients and damage to other structures 
supplied by the anterior vestibular artery. This observation and the failure of electric stimulation of the utriculus or sacculus to produce discrete patterns of nystagmus in laboratory animals led Schuknecht to conclude that abnormal 
stimulation of the otoliths was not responsible for the disorder. He suggested that the posterior canal crista was the probable source of the dysfunction. According to Schuknecht, BPPV was caused by loose otoconia from the utricle that, in 
certain positions, displaced the cupula of the posterior canal. He initially thought this deflection would be in an ampullopetal direction (inhibitory) for the posterior canal. Harbert[177] carefully recorded the directional characteristics of 
nystagmus in BPPV and concluded that, in most cases, an ampullofugal (excitatory) deflection of the posterior canal crista would produce the observed findings.

Schuknecht[419] modified his theory and proposed that, rather than being due to a movement of loose otoconia in the region of the posterior canal, BPPV was due to the deposition of otoconia on the cupula of the posterior canal which he called 
cupulolithiasis. Schuknecht and Ruby[430] reported finding deposits of a substance that appeared to be of otoconial origin in 149 of 391 temporal bone specimens (37%) from 245 patients. Most (58%) of these specimens were located in the 
posterior canal, but only three of those affecting the posterior canal were of a size comparable to that in patients with BPPV. Schuknecht[425] revised the relative orientation of the cupula of the posterior canal and utriculus during Dix-Hallpike 
positional testing that had led him to propose that motion of the cupula during this maneuver was ampullopetal. He then concluded that ampullofugal deflection of the posterior canal cupula accounts for the nystagmus seen in posterior canal 
BPPV. The cupulolithiasis mechanism poorly explained the brief duration of the nystagmus, reversal of nystagmus upon return to a sitting position, and paroxysmal nature of the disorder.

Hall, Ruby, and McClure[172] reconsidered the possibility that BPPV could result from deflection of the posterior canal cupula because of the motion of debris within the posterior canal. They suggested that the mechanism of BPPV could be 
conceptually identified based on the fatigability of the nystagmus. The nonfatigable form was thought to be a result of fixed deposits on the cupula, whereas the fatigable form was
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attributed to the motion of free-floating material within the lumen of the posterior semicircular canal. Most patients with BPPV have nystagmus that is explained based on motion of material in the lumen of the posterior canal.

The reformulated theory of Hall, Ruby, and McClure is consistent with the five typical features of posterior canal BPPV[23] [32] [62] [63] : (1) The canalithiasis mechanism explains the latency of nystagmus as a result of the time needed for motion of 
the material within the posterior canal to be initiated by gravity. (2) The nystagmus duration is correlated with the length of time required for the dense material to reach the lowest part of the canal; and (3) the vertical (upbeating) and 
torsional (superior poles of the eyes beating toward the lower-most ear) components of the nystagmus are consistent with eye movements evoked by stimulation of the posterior canal nerve in experimental animals.[84] The observation that the 
nystagmus is more vertical when the patient looks away from the lowermost ear and more torsional when looking toward the lowermost ear is also shown in animal studies in which ampullofugal stimulation of the posterior canal causes 
contraction of the ipsilateral superior oblique and contralateral inferior rectus. The rotational axes of these muscles change with gaze position. (4) The reversal of nystagmus when the patient returns to the sitting upright position is due to 
retrograde movement of material in the lumen of the posterior canal back toward the ampulla, with resulting ampullopetal deflection of the cupula. (5) The fatigability of the nystagmus evoked by repeated Dix-Hallpike positional testing is 
explained by dispersion of material within the canal.



Further support for the canalithiasis mechanism has been provided by the intraoperative observation of the predicated particulate material within the long arm of the posterior canal in patients with BPPV.[261] [369] 

In summary, BPPV arises when a semicircular canal becomes sensitive to gravity. The directional characteristics of the evoked nystagmus allow the aberrant semicircular canal to be identified. The nystagmus is transient and brought on by 
maneuvers that change the orientation of the head with respect to gravity.

Incidence

BPPV is the most common cause of vertigo seen by otolaryngologists, representing 20% to 40% of patients with peripheral vestibular disease.[231] [340] The incidence is difficult to estimate given the benign, typically self-limited course of the 
disease. It is thought to vary from 10.7 per 100,000 to 17.3 per 100,000 population in Japan[315] and 64 per 100,000 in a population study from Minnesota.[136] BPPV, as a diagnosis, is almost twice as frequent as is Ménière's disease at the 
Sunnybrook Health Science Centre Dizziness Unit.[340] 

In studies of large groups of patients, the mean age of onset was in the fourth and fifth decades; the range was wide—11 to 84 years in one study.[23] [315] In a study of pediatric patients with BPPV, an association with migraine was suggested, 
leading to the hypothesis that migraine-induced ischemia might be responsible for the release of otoconia in some of these cases.[22] Overall, the incidence increases with age.[55] There appears to be a slightly increased incidence of BPPV 
among women, approximately 1.6:1[57] to 2:1[23] .

Diagnosis

History.

The patient with BPPV experiences severe vertigo associated with change in head position. The most frequently cited occurrence of this symptom follows rolling over or getting into bed and assuming a supine position. Frequently a specific 
side is volunteered; for example, a patient might say, "The dizziness comes when I roll over to my right side but not to the left." Patients will also experience similar symptoms on arising from a bending position, looking up to take an object 
off a shelf, tilting the head back to shave, getting a haircut, or turning rapidly.

Symptoms occur suddenly and last in the order of seconds, but never endure in excess of a minute.[23] The subjective impression of attack duration reported by the patient is frequently longer.

These single bouts of vertigo are frequently clustered in time and separated by remissions lasting months or more.[30] The patient may also report that periods of active disease may be associated with constant feelings of lightheadedness, 
worsened by head movement.[112] Individuals also describe chronic balance problems.[51] [229] [230] These may be worse on awakening in the morning or from daytime naps.

Most cases of BPPV have no identifiable etiology. In a large survey by Baloh and colleagues,[23] no cause was identified in 48% of cases. The most common known cause was thought to be closed head injury followed by vestibular neuronitis. 
Other cited predisposing events include infections, surgery (e.g., stapedectomy[23] and nonotologic surgery[146] [343] ), and prolonged bed rest.[171] In the authors' experience, nearly 15% of patients suffering from vestibular neuronitis will later 
develop BPPV. BPPV can develop in patients with Ménière's disease and in those with recurrent vestibulopathy.[23] 

Findings on examination.

The diagnosis of BPPV is made through the observation of the classic eye movements in association with the Dix-Hallpike maneuver, in addition to a suggestive history. The Hallpike maneuver is carried out as follows ( Figure 142-3 ). The 
patient is positioned on an examination table such that when
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Figure 142-3 Right Dix-Hallpike maneuver for eliciting nystagmus and vertigo due to posterior canal BPPV. The patient's head is first turned 45 degrees to the right. The patient's neck and shoulders are then brought into the supine position 
with the neck extended below the level of the examination table. The patient is observed for nystagmus or complaints of vertigo. The patient is next returned to the upright position. (From Herdman SJ, editor: Vestibular rehabilitation, 
Philadelphia, F. A. Davis, 1994. Used with permission.) 

 

Figure 142-4 Canalith repositioning maneuver for treatment of benign paroxysmal positional vertigo (BPPV) affecting the posterior canal. Panel 1 shows a patient with right posterior canal BPPV. The patient's head is turned to the right at 
the beginning of the canalith repositioning maneuver. The inset shows the location of the debris near the ampulla of the posterior canal. The diagram of the head in each inset shows the orientation from which the labyrinth is viewed. In panel 
2, the patient is brought into the supine position with the head extended below the level of the gurney. The debris falls toward the common crus as the head is moved backward. In panel 3, the head is moved approximately 180 degrees to the 
left while keeping the neck extended with the head below the level of the gurney. Debris enters the common crus as the head is turned toward the contralateral side. In panel 4, the patient's head is further rotated to the left by rolling onto the 



left side until the patient's head faces down. Debris begins to enter the vestibule. In panel 5, the patient is brought back to the upright position. Debris collects in the vestibule. Illustration by David Rini. (From Hullar TE and Minor LB: 
Vestibular physiology and disorders of the labyrinth. In Glasscock ME and Gulya AJ, editors: Surgery of the Ear, ed 5, 2003, Hamilton, Chapter 4.) 
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months after resolution of the acute disease. Paroxysmal positional vertigo occurs subsequently in a small percentage of patients.[27] [279] [429] Vestibular neuronitis has been known to recur, with some patients describing similar, usually less 
intense, attacks for years.[429] Bilateral disease has been described and must be considered in the differential diagnosis of bilateral vestibular loss. Vestibular neuronitis is not associated with subjective change in hearing or any focal neurologic 
complaints.[103] [104] Previously, this clinical entity was referred to as labyrinthitis. Given the uniform absence of auditory symptoms, a more accurate clinical term is vestibular neuronitis.

A documented caloric response reduction is frequently the only way to identify the side of involvement.[88] [452] 

Pathologic studies of temporal bones from patients believed to have experienced this clinical entity reveal vestibular nerve degeneration with sparing of the peripheral receptor structure.[135] [429] Human pathologic studies have also demonstrated 
signs of more chronic inflammation in the rare person manifesting a more chronic/recurrent course of disease. A postinfectious syndrome has been suggested in these cases.[215] Opinion holds that the superior vestibular nerve is more 
commonly involved in this disease than the inferior. It is postulated that this may be secondary to the longer and narrower boney canal traversed by the superior nerve, making it more susceptible to compressive swelling.[161] 

Cause of the degeneration is not established. Infection with one of the neurotropic viruses (e.g., herpesvirus) is felt to be responsible. Borrelia infection has also been noted in some instances.[161] 

The term epidemic vertigo is historically synonymous with vestibular neuronitis. Published reports of multiple cases of vestibular neuronitis within households, or case, occurring after exposure to patients with vertigo or upper respiratory 
infection, are responsible for this term.[92] [429] The reported incidence of preceding infection varies from 23% to 100%.[452] Herpesvirus has been implicated as the causative agent based both on the findings of increased serum titers [296] as well as 
animal experiments.[97] [116] Vertigo coincident with recurrence of cutaneous zoster has been reported.[27] The similarity between the temporal bone pathology induced by zoster and that of vestibular neuronitis has been noted.[279] [429] 

A complete or partial loss of caloric responsiveness of the involved ear is the most consistent finding. Nystagmus, if present, is direction appropriate for the involved ear.[452] Not infrequently, recovery of the caloric response is noted.[429] 

Subjectively, hearing remains normal. However, in a study of such patients with normal conventional audiograms, a hearing loss was found in the higher frequencies (10–15 kHz).[383] On the basis of this finding, the authors suggest that 
vestibular neuronitis is a feature of a more generalized polyneuritis. Further evidence of the more general nature of the disease is provided by auditory brainstem response testing, with results suggesting CNS involvement.[88] Such findings 
have not been uniformly confirmed.[44] 

Treatment is supportive and symptomatic for vertigo and related vegetative symptoms. As in all acute peripheral vestibular losses, early ambulation is encouraged.

A recent prospective, randomized, double-blind, trial was reported in which patients with acute vestibular neuronitis were randomly assigned to treatment with placebo, methylprednisolone, valacyclovir, or methylprednisolone plus 
valacyclovir. [463A] Vestibular function was determined by caloric irrigation, with the use of the Jongkees formula to measure the extent of unilateral canal paresis, within 3 days after the onset of symptoms and 12 months afterward. The mean 



improvement in vestibular function was in the methylprednisolone group. There was no beneficial effect of valacyclovir when used alone and the combination of methylprednisolone and valacyclovir did not lead to additional improvement 
over that seen with methylprednisolone alone.

When sudden sensorineural hearing loss accompanies vertigo with a vestibular neuronitis-like pattern, classification as a sudden sensorineural hearing loss ought to be considered. In this regard, treatment appropriate for sudden sensorineural 
hearing loss should be instituted, and the evaluation should include evaluation for a retrocochlear lesion (i.e., acoustic neuroma).[412] [511] 

VERTIGO OF VARIABLE DURATION

Inner Ear Fistula

Inner ear fistula is defined as an abnormal communication between the perilymphatic space and the middle ear or an intramembranous communication between endolymphatic and perilymphatic spaces. However, controversy exists with 
respect to this entity. The inability to reliably predict the presence of a fistula before surgical exploration, as well as the lack of standard criteria for recognizing a fistula intraoperatively, have resulted in confusion and even doubt as to the 
existence of symptomatic fistulization of the membranous labyrinth.[441] [454] Because fistulae have been identified intraoperatively and their repair resulted in symptomatic and objective improvement, this diagnosis must be kept in mind in the 
evaluation of the vertiginous patient.[394] [399] 

The clinical presentation of inner ear fistula may vary from mild and inconsequential to severe and
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incapacitating. Inner ear fistulae mimic other disorders, such as Ménière's disease, infection, acoustic neuroma, and lesions of the CNS.[204] [305] Therefore, inner ear fistula should always be considered as a possibility after trauma to the inner ear. 
The mechanism of trauma can vary (e.g., barotrauma, penetrating trauma), but the result is a rupture of the limiting membranes of the labyrinth. The resultant leakage of perilymph into the middle ear, or an abnormal communication between 
the endolymphatic and perilymphatic spaces, results in vestibular and/or auditory symptoms.[434] [453] Surgery (i.e., post-stapedectomy) is reported to be the most common cause.[434] Other mechanisms include head trauma, explosive blast, 
barotrauma, and physical exertion. A fistula occurring spontaneously is unlikely. However, congenital malformations, including Mondini's deformity, may predispose individuals to fistula formation.[391] Others have suggested that fistula 
should be ruled out in cases of congenital hearing loss.[391] [399] 

Reports vary as to the site: oval vs round window.[159] [434] In studies that have included post-stapedectomy fistulae, the oval window localization has naturally been higher than those that do not include tham.

Attempts to identify the prevalence and to characterize auditory and/or vestibular symptoms have been inconclusive. Some studies report vestibular symptoms as the major presenting complaint,[441] whereas others indicate hearing loss equal to 
or more common than balance-related symptoms.[394] 

Sensorineural hearing losses vary from an isolated high-frequency loss to a low-frequency or flat one. Speech discrimination test results are not characteristic. Both the pure-tone threshold and speech discrimination scores have been noted to 
fluctuate. Isolated mild conductive losses have been noted.[454] Glasscock and others,[159] in a series of patients who had undergone exploration for fistulae, were unable to identify an audiometric profile in patients with proven fistulae from those 
without.

Audiologic tests considered to be helpful in the diagnosis include electrocochleography. This demonstrates a larger summating potential due to endolymph/perilymph disequilibrium. However, the test is not sensitive or specific for perilymph 
fistula. [305] Improvement in pure-tone threshold or speech discrimination after the patient has been in Trendelenburg position for 30 minutes, the so-called Fraser test, is considered useful by some.[454] 

Vestibular symptoms are also variable and include episodic incapacitating vertigo, equivalent to a Ménière's attack, positional vertigo, motion intolerance, or occasional disequilibrium. Disequilibrium after increases in CSF pressure (e.g., 
nose blowing, lifting), called Hennebert's phenomenon, has been noted, as has vertigo after exposure to loud noises, which is known as Tullio's phenomenon.[185] [305] 

Results of vestibular testing are nondiagnostic. The most consistent abnormality seen is a unilateral reduced caloric response in the affected ear.[159] [394] Other authors report variable electronystagmographic abnormalities.[434] 

A very useful examination is the fistula test, which should be performed in every suspected individual. The test is done as follows: positive pressure is introduced into the suspected ear, either by rapid pressure on the tragus, compression of 
the external canal, or via use of a pneumatic otoscope, while observing the eyes. A positive fistula sign consists of conjugate contralateral slow deviation of the eyes followed by three to four ipsilaterally directed beats of nystagmus. In those 
patients who present with a clinically suspicious history and a positive fistula sign, surgical exploration is recommended. It should be recognized that the specificity and sensitivity of the above test is variable.[394] [500] Some feel posturography is 
useful in detecting this entity, whereas others find it to be inconclusive.[204] 

It has recently been suggested that the determination of the free amino acid content of fluid and the CSF/perilymph-specific protein tau transferrin, sampled from the middle ear, could be used to detect the presence of perilymph vs mucosal 
secretion, etc. The clinical application of this technique (particularly with respect to pretreatment) and the diagnostic value have yet to be established. [433] [446] 

Fiberoptic exploration of the middle ear, either by way of a myringotomy or with flexible endoscopic examination via the eustachian tube, have also been evaluated. In reports of endoscopic exploration of the middle ear when there were 
symptoms that could be due to spontaneous perilymph fistula, Poe and colleagues[378] [379] did not find evidence of a leak in any case.

Treatment of patients with suspected inner ear fistulae should consist of the following: (1) bed rest; (2) head elevation; (3) laxatives to reduce the risk of increased intracranial pressure; and (4) monitoring of both hearing and vestibular 
function. In those instances in which hearing loss worsens or vestibular symptoms persist, surgical exploration is warranted. The intraoperative criteria used to define the presence of a fistula vary. The presence of an obvious communication 
with accumulating fluid in either window is demanded by some. Others accept repeated pooling of fluid in the round or oval window while observing under high magnification as proof of a leak. Lastly, microfissures with nonvisualizable 
leakage of fluid have been implicated in cases where no fistula is seen.
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Intraoperative identification of a fistula, regardless of criteria used, is reported in about 50% of individuals explored. At the time of surgery, the oval and round windows are patched with tissue, such as blood clot, fat, or temporalis fascia.

The outcome of surgical repair is variable. Reduction in vestibular-related complaints has been reported in 49% to 100% of treated patients.[159] [204] Hearing is less often improved, with reports of 24% to 49% improvement in the above studies. 
Glasscock, in the 1987 study reported above,[159] compared the rate of improvement in vestibular symptoms in patients with positive fistula explorations and repair to those with negative explorations. In the latter group, the incidence of 
improvement was less.

TRAUMA

Vertigo and ataxia are common sequelae of head trauma. Vestibular-related complaints can arise from cervical trauma and CNS trauma, as well as peripheral vestibular damage. For the sake of this discussion, only the latter will be 
considered. There are numerous mechanisms by which damage can be inflicted (e.g., blunt concussive trauma, penetrating trauma, explosive blast, barotrauma). It is also important to recognize that similar lesions can occur after different 
mechanisms of injury. Hence, labyrinthine concussion can follow blunt trauma as well as barotrauma.

Nonpenetrating Trauma

Labyrinthine Concussion

The category of labyrinthine concussion includes those injuries of the labyrinth that do not result in violation of the otic capsule or the intralabyrinthine limiting membranes. Labyrinthine concussion is believed to be a sequela of a number of 
traumatic events. These include blunt head trauma and inner ear barotrauma. The symptom complex ascribed to this entity includes both auditory and vestibular complaints.

Vestibular-related symptoms, although variable and not well characterized, are generally thought to include mild vertigo, imbalance, visual confusion, and vegetative symptoms (e.g., nausea and vomiting). These are typically short lived and 
gradually subside over a period of days to weeks. Examination of the patient with active symptoms may demonstrate nystagmus directed toward the side of the lesion acutely (i.e., hours), followed by more typical contralateral beating 
nystagmus. Past pointing and falling in the direction of the slow phase of nystagmus have been reported.[457] Vestibular testing may demonstrate a reduction in the caloric response and abnormality of vestibulo-ocular reflex gain and phase after 
rotation testing.

Hearing loss and tinnitus are often reported. When present, the most common pattern of hearing loss is similar to that of a noise-induced hearing loss, with a loss most apparent at 4 kHz.[414] Alternatively, it can be profound. Total hearing loss 
in the involved ear has been reported.

Both the vestibular and auditory complaints are usually transient, with spontaneous resolution occurring over a matter of days to weeks. However, symptoms have been reported to persist and worsen over time.[280] Vestibular complaints may 
persist for years, often consisting of bouts of movement-associated imbalance or even episodes of severe vertigo with nausea and vomiting. In the latter, one explanation offered has been the development of Secondary Hydrops (see section 
titled "Delayed Endolymphatic Hydrops"). Benign paroxysmal positional vertigo is also noted to occur after trauma (see section titled "Benign Paroxysmal Positional Vertigo").

Pathologic findings in cases of labyrinthine concussion include intra-labyrinthine hemorrhage and exudation of fluid into the endolymph and perilymph. The presence of these substances and the inflammatory reaction they engender is 
thought to produce the symptoms seen in concussive trauma. Resolution of the above serous labyrinthitis is clinically manifested by resolution of symptoms. Other studies have demonstrated that the pathologic changes can be permanent and 
varying in severity. In these instances, the acute lesion is thought to initiate a process of fibrosis and ossification that gradually destroys the membranous labyrinth. This is reminiscent of the pathology seen in ischemic injury to the ear and 
may be responsible for the progressive hearing loss and persistent vestibular symptoms seen occasionally after trauma.[280] 

The reader is reminded that in cases of blunt trauma, as in a patient struck with a bat, there is a disassociated rotation of the brain within the skull.[289] This rotation primarily occurs about the axis of the brainstem and has been noted to produce 
damage to the cranial nerves, these structures being fixated between the rotating brain and their exit foramina in the skull. Such trauma has been shown to produce hemorrhage, contusion, and partial laceration or total transection of the eighth 
cranial nerve and may explain transient or permanent deficits seen in some trauma patients. Clearly such a mechanism would not be operative in cases of trauma caused by blast, pressure, or penetrating trauma to the ear.

Blast Trauma

Explosive blasts can produce pressure waves greater than 200 dB sound pressure level (SPL).[396] The ear, which exists to capture and amplify this energy, is frequently injured when such a noise occurs. Blast
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trauma would include such occurrences as an openhanded slap to the ear as well as actual explosions. Perforation of the tympanic membrane, ossicular disruption, or both occurs; however, inner ear damage is more likely.[457] Interestingly, 
inner ear damage is most severe when the conductive mechanism is not damaged. Clearly, the destructive energy is best transmitted into the labyrinth by an intact conducting mechanism.[319] Auditory loss is most common in the high 
frequencies and frequently recovers spontaneously. [77] However, immediate, permanent, profound losses have occurred. Peripheral vestibular damage has been infrequently reported.[376] Pathologic findings in animals subjected to explosive 
blast while in enclosed spaces have revealed extensive destruction of the cochlea, with shearing of the cochlea/hair cells off the basilar membrane.[396] 

Penetrating Trauma: Violation of the Otic Capsule/Temporal Bone

In every instance that the inner ear or the eighth cranial nerve is disrupted, there is associated loss of function. This occurs for a number of reasons. Blunt trauma that fractures the temporal bone can lacerate nerves or produce fistulae. 
Fracture of the otic capsule, injury to the eighth nerve and the facial nerve are more commonly seen in transverse than in longitudinal fractures.[457] Penetrating trauma can occur as a result of the introduction of a variety of foreign bodies (e.g., 
a hair pin, a bullet). Injuries depend directly on the path taken through the temporal bone. In the case of an introduced hair pin, the middle ear sustains the majority of damage. However, the inner ear may be damaged by subluxation of the 
stapes into the vestibule.

Acute vertigo and sensorineural hearing loss heralds inner ear damage. Nystagmus beats in the direction of the healthy ear; the patient will fall and demonstrate past pointing in the direction of the slow phase of nystagmus. Vegetative 
symptoms are typically present. Vertigo will gradually subside over the ensuing days to weeks. Hearing loss, when present, can vary from mild and transient to profound and permanent.

Barotrauma



Trauma to the inner ear as a consequence of atmospheric pressure alteration is a relatively uncommon entity. However, it can be problematic for individuals working underwater (e.g., divers, submariners, bridge builders) as well as at high 
altitudes (e.g., pilots).[236] [285] Inner ear dysfunction can be produced by rapidly changing air pressure, as in atmospheric barotrauma, by elevated or asymmetric middle ear pressure, as in alternobaric trauma, or by bubble formation within the 
labyrinth or its blood supply in the case of inner ear decompression sickness and isobaric gas counter-diffusion sickness. It should be recognized that during flying, and moreso with diving in deep water, visual and proprioceptive cues are 
less effective. This environment places an inordinate premium on vestibular input. Therefore, acute vestibular dysfunction leading to disequilibrium, disorientation, nausea, and vomiting can be devastating in such a setting.

Alternobaric trauma.

Alternobaric trauma is described as a transient vestibular and/or auditory dysfunction believed to occur as a result of elevated, and probably asymmetric, middle ear pressure. This notion is derived from both its description by patients, as well 
as documented in experiments. As many as 26% of divers and 10% to 17% of pilots have admitted to experiencing alternobaric-like vertigo.[385] [503] 

Alternobaric vertigo is most prominent in divers while in ascent to the surface and in fliers during ascent of the aircraft. Both are conditions of decreasing ambient pressure. Vertigo is relieved by equilibration of middle ear/ambient pressure 
differences, as well as repressurization (i.e., by descending several meters, in the case of divers).[318] 

Susceptibility to alternobaric vertigo is thought to be a consequence of individual variations in the pressure required within the middle ear to force open the eustachian tube. Although passive air movement from the middle ear to the 
nasopharynx occurs exclusively in response to decreasing atmospheric pressure, it has been observed that variations exist in the required pressure for this to occur. Conditions that alter eustachian tube patency (e.g., mucosal turgescence) are 
known to contribute. Such persons are more liable to experience alternobaric vertigo. Conditions such as an upper respiratory infection would exacerbate the situation.

Several studies of humans have demonstrated that vertigo/nystagmus could be elicited when middle ear pressure was increased, relative to atmospheric pressure.[213] [475] [476] This was done by lowering ambient pressure in a chamber as well as by 
increasing pressure in the middle ear with a transtympanic catheter. The latter was done to rule out the possible influence of tympanic membrane/ossicular displacement as a cause of vestibular stimulation. It was noted that positive middle 
ear pressure stimulated the vestibular system and caused nystagmus toward the ear with the higher middle ear pressure. Furthermore, nystagmus and vertigo were observed only in those persons in whom elevated middle ear pressure was 
required to passively open the eustachian tube.

It has been suggested that an asymmetric middle ear pressure between ears is necessary. Although it was noted that a pressure asymmetry was always
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present when alternobaric vertigo was elicited by the experimental paradigm, it is not clear that it is a necessary part of the pathogenesis.

The pathogenesis for labyrinthine disfunction due to alternobaric pressure is unknown. It has been suggested that pressure differences between the middle ear and the intracranial/intralabyrinthine space may play a role.[476] 

The effects of alternobaric trauma on the inner ear are not thought to be permanent.[285] In most cases, vertigo, hearing loss, and tinnitus are described as resolving in 10 to 15 minutes. The occurrence of alternobaric trauma can be minimized 
by frequent equilibration of middle ear pressure during diving, the use of topical decongestants before the dive, and the avoidance of diving during periods of increased upper respiratory obstruction (e.g., upper respiratory infection and 
sinusitis).[117] [318] 

Atmospheric inner ear barotrauma.

Extremes of pressure or abrupt changes in middle ear pressure are capable of damaging middle ear and inner ear structures. The latter is reflected by auditory and vestibular dysfunction. As opposed to alternobaric trauma, barotraumatic 
injury is frequently long lasting or permanent. Hearing loss and tinnitus are universal complaints, whereas vertigo tends to be less common (30%) and is rarely the sole complaint.[118] 

Barotrauma to the inner ear is suffered most frequently by divers, both scuba and breath-holding. However, it has also been described during forceful sneezing with a closed mouth and nostrils.[432] 

A number of mechanisms have been proposed. All are based on a sudden pressure differential transmitted into the inner ear. Perhaps the most commonly cited theories are the "explosive" and "implosive."[163] [164] 

The implosive theory states that as a consequence of increased middle ear pressure, the round window and/or oval window are displaced into the labyrinth and can rupture into the inner ear. The explosive theory states that the increased 
intracranial pressure is transferred into the inner ear, resulting in an outward rupture of the round and/or oval windows into the middle ear.

Although the above have been cited as a plausible explanation for sudden hearing loss, the underlying pathophysiologic mechanisms have been suggested as an explanation for inner ear dysfunction associated with atmospheric barotrauma.

The authors suggest a slightly different though very plausible explanation as the mechanism for atmospheric inner ear barotrauma (IEBT). In the authors' experience, atmospheric IEBT has almost exclusively been a consequence of diving. 
Furthermore, it has usually been experienced by divers at depths varying from 10 to 30 feet. Typically, in an effort to equilibrate pressure between the middle ear and the increasing ambient pressure in the external ear, the Valsalva or some 
similar such maneuver is performed. It is after such a maneuver that signs and symptoms of acute inner ear disfunction become apparent.

It is the authors' contention that the following occurs and is likely responsible for the clinical entity. Successful opening of the middle ear as a result of the Valsalva maneuver results in a sudden transient increase in middle ear pressure while 
rapidly displacing the tympanic membrane laterally. Given that the eustachian tube is at this point open, a rapid outflow of high-pressure air from the middle ear follows. The combined effect of an increased ambient pressure (surrounding 
water), a rapidly diminished volume of the middle ear, and most importantly the inherent fibroelastic nature of the tympanic membrane, results in a dramatic slingshot-like displacement of the eardrum and attached ossicles. The resultant 
rapid medial displacement of the stapes footplate into the vestibule is responsible for the varying degrees of inner ear damage.

Support for the plausibility of such a pathophysiologic mechanism is gained by the observation that the associated hearing loss is typically of high frequency. Such hearing losses are in keeping with transmission of traumatizing energy via 
the ossicular chain (e.g., noise, blast). Additionally, hearing loss following valsalva maneuver at atmospheric pressure does not produce a stereotyped hearing loss (see perilymphatic fistula).

Atmospheric IEBT results in damage of varying degrees to the inner ear. Labyrinthine concussion, intralabyrinthine membrane tears, or damage to receptor structures as seen in blast trauma are reported.[319] [365] At its extreme, there may be 



associated oval and, perhaps more likely, round window fistula.[118] 

The patient history should include a complete description of the inciting event, including details of the particular dive. Divers usually report that symptoms occur during descent. There is usually a report of difficulty clearing the negative 
pressure in one ear.[132] It must be recognized that barotrauma is not exclusive to scuba divers. It can occur in a few feet of water and consequently affect breath-holding divers as well.

Symptoms typically consist of dizziness, tinnitus, and sensorineural hearing loss.[400] A history of unsteadiness and physical findings of nystagmus and ataxia should alert the physician of complicating inner ear barotrauma. Joint pain and CNS 
findings typically associated with systemic decompression
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sickness are notably absent. On physical examination, findings consistent with middle ear barotrauma (e.g., hemotympanum or tympanic membrane perforation) may be seen. [118] [392] [443] The associated hearing loss varies but typically 
demonstrates an isolated deficit in the 4- to 8-kHz range. Total deafness has also been noted.[132] 

Suggested treatment of inner ear barotrauma is similar to that recommended for perilymph fistula. Bed rest, head elevation, and close monitoring of hearing and balance-related symptoms are suggested. Symptoms usually spontaneously 
resolve in a matter of hours to days if conservative management is used.[365] Tympanotomy and middle ear exploration are reserved for those cases with progressive hearing loss or failure of resolution of vestibular symptoms in 3 to 5 days. 
Some surgeons advocate more immediate exploration.[118] [365] Recompression is to be avoided in cases of barotrauma. It is therefore important to differentiate atmospheric IEBT from inner ear decompression sickness in view of the necessary 
use of recompression in the treatment of the latter.

Individuals suspected of having sustained IEBT and who realized complete recovery should be advised to refrain from diving for at least 3 months. If permanent damage to either the vestibular or auditory systems results, diving should be 
cautioned against. In all instances, the patient should be counseled to perform gentle Valsalva maneuvers at frequent intervals during descent and to abort the dive if middle ear pressure equilibration cannot be achieved easily.[118] 

Inner ear decompression sickness and isobaric gas counterdiffusion sickness.

Inner ear decompression sickness (IEDS) and isobaric gas counterdiffusion sickness (IGCS) have become common as a consequence of the increased use of mixed gas, oxyhelium, for deep water diving. Although damage produced by these 
disorders is not restricted to the inner ear, it now represents the most common decompression injury experienced by individuals diving to depths greater than 100 m.[443] Otic symptoms are often the sole feature of decompression sickness, 
particularly in cases where mixed gases (i.e., helium and oxygen) are used.[117] When the inner ear is affected, vestibular and auditory disfunction are often permanent, particularly if treatment is delayed. In contradistinction to atmospheric 
inner ear barotrauma, vertigo is a prominent complaint, and often the sole complaint of individuals experiencing IEDS (50%).

IEDS and IGCS are both caused by the formation of gas bubbles in the body. These occur, in the case of IEDS, due to rapid reduction in atmospheric pressure as experienced by the diver who ascends too rapidly. In the case of IEGCS, it is a 
consequence of too rapid an exchange of inspired gas mixtures under isobaric conditions. The analogy to bubbles that form in carbonated beverages when the bottle is opened is not inappropriate. The symptoms and damage to various body 
parts caused by these occluding bubbles is termed decompression sickness or the bends. * 

Air bubbles within the intralabyrinthine fluids, as well as in the blood vessels, cause the damage to the inner ear.[119] It has also been suggested from animal studies that expanding bubbles can generate microfissures in the otic capsule.[130] 

Pathologic findings in animals and humans reflect a process of intralabyrinthine fibrosis and new bone formation. These findings are very much like those that follow ischemic injury.[264] [320] 

Symptoms are identical to those of atmospheric barotrauma, consisting of tinnitus, sensorineural hearing loss, and vertigo in any combination. The history and associated findings support the diagnosis of this disorder. Symptoms usually 
begin during ascent. Rapid surfacing after deep, prolonged underwater dives may be reported. Disregard for specified decompression times is the cause. Proper treatment is immediate recompression. Delay in treatment is associated with 
permanent damage to the vestibular and auditory system.

Familial Vestibulopathy

The rare syndrome of familial vestibulopathy with autosomal dominant inheritance is characterized by sudden attacks of vertigo followed by chronic disequilibrium. The vertigo typically lasts on the order of minutes with several hours of 
subsequent disequilibrium. These spells recur at variable intervals for many years. Some patients reported that spells seemed to be triggered by stress. Gradually, patients note the onset of chronic disequilibrium and oscillopsia due to 
vestibular insufficiency. [24] Auditory symptoms including tinnitus are absent in these individuals. It is notable that all individuals also experience migraine headaches, although headache was not associated with the spells of vertigo. An 
autosomal dominant mode of inheritance was defined.

Quantitative testing on these individuals includes imaging results that are normal except for bilateral vestibular responses on caloric testing and low gains with shortened time constants on rotary testing—all of which are consistent with 
damage to the peripheral vestibular system.

In all cases, spells of vertigo were successfully terminated with the administration of acetazolamide. The mechanism of action in this case is unknown; however, in a seemingly related disease, familial periodic

*References [90] [91] [118] [119] [168] [263] . 
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vertigo and ataxia, the acetazolamide effect is presumed to be that of a reduction in acidity of the brain.

Baloh and colleagues[21] have more recently identified another familial syndrome associated with migraine headaches, essential tremor, and vertigo. In this case, vertigo lasts minutes to hours. As in the first case, headaches were unassociated 
with the spells of vertigo. Spells were triggered by stress, exercise, and lack of sleep. The long-term progressive vestibular deficit noted in the familial vestibulopathy syndrome was not noted in this later disease. As in the former disease, 
acetazolamide was proven effective at curtailing spells of vertigo as well as the migraines.



The authors note the association of migraine headache and vertigo with other syndromes such as hemiplegic migraine. This latter disorder has been localized to chromosome 19p. It is suggested that the defect is related to dysfunction of an 
ion channel. Given the similarity in all these syndromes as well as the efficacy of acetazolamide, some related genetic deficit is being sought.

Superior Semicircular Canal Dehiscence Syndrome

Minor and colleagues recently indentified a syndrome of vertigo and oscillopsia induced by loud noises or by stimuli that change middle ear or intracranial pressure in patients with a dehiscence of bone overlying the superior semicircular 
canal.[310] [312] [313] These patients may exhibit a Tullio phenomenon (eye movements induced by loud noises) or Hennebert's sign (eye movements induced by pressure in the external auditory canal). They may also experience chronic 
dysequilibrium. Confirmation that the bone overlying the superior canal is dehiscene in these patients has been provided by the findings at the time of surgical repair of the abnormality. [310] [313] 

The dehiscence creates a "third mobile window" into the inner ear, thereby allowing the superior canal to respond to sound and pressure stimuli. [313] The evoked eye movements in this syndrome typically align with the affected superior canal 
(Ewald's first law).[89] Loud sounds, positive pressure in the external auditory canal, and the Valsalva maneuver against pinched nostrils cause ampullofugal deflection of the superior canal and a nystagmus that has slow phase components that 
are directed upward with torsional motion of the superior pole of the eye away from the affected ear. Conversely, negative pressure in the external canal, Valsalva against a closed glottis, and jugular venous compression can cause oppositely 
directed eye movements with slow phase components directed downward with torsional motion of the superior pole of the eye toward the affected ear.

A larger length of dehiscence overlying the superior canal (≥5 mm) can lead to dysfunction in the affected canal when evaluated by responses to rapid head movements in the plane of the superior canal.[89] [312] This diminished function in the 
superior canal may provide an explanation for the observation that the sound-evoked eye movements in some patients do not align with the affected canal.[89] These eye movement findings have been documented with three-dimensional search 
coil techniques ( Figure 142-5 ) and can be readily observed on clinical examination. Frenzel lenses should be used for this examination because visual fixation can lead to suppression of the evoked eye movements.[89] 

Confirmation that dehiscence of bone overlying the superior canal is present in patients with the syndrome has been obtained with high-resolution CT scans of the temporal bones.[41] [66] [310] [313] [499] Conventional temporal bone CT scans are 
performed with 1.0-mm collimation, and images are displayed in the axial and coronal planes. These scans have a relatively low specificity (high number of false positives) in the identification of superior canal dehiscence because of the 
effects of partial volume averaging. The specificity and positive predictive value of these scans is improved when 0.5-mm-collimated helical CT scans are performed with reformation of the images in the plane of the superior canal ( Figure 
142-6 ).[41] 

CT studies have shown that the thickness of bone overlying the intact superior canal in a patient with unilateral dehiscence is significantly thinner than in patients without superior canal dehiscence.[193] This finding and observations from a 
review of 1000 histologically processed temporal bones sectioned in a plane parallel to the petrous ridge[74] suggest an underlying developmental or congenital abnormality that leads to the development of the syndrome. The onset of 
symptoms and signs associated with this syndrome has typically occurred during adulthood. Patients in whom a normal thickness of bone fails to develop may then develop the syndrome when the abnormally thin layer of bone is disrupted 
by trauma or is eroded over time as a consequence of the pressure from the overlying temporal lobe.

Vestibular-evoked myogenic potentials (VEMP responses) have been useful in assessing for the presence of superior canal dehiscence syndrome.[65] [66] [463] [499] In this test, short-latency relaxation potentials evoked by clicks or by tone bursts are 
recorded from surface EMG electrodes placed on the skin over the ipsilateral sternocleidomastoid muscle while that muscle is tonically contracted.[85] [120] Previous studies have shown that these responses arise from the vestibular end organs, 
most likely the sacculus, and not from the cochlea.[85] [256] [333] [356] The
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Figure 142-5 Ocular responses to sound in the superior canal dehiscence (SCD) syndrome. Nystagmus induced by a 3-kHz tone at an intensity of 100 dB in the right ear (AD) of a 33-year-old woman with right SCD syndrome. Upper panel, 
torsional (T), vertical (V), and horizontal (H) eye position recorded with the scleral search coil technique from the right eye. The time during which the tone was presented is indicated by the stimulus marker at the top. Positive direction for 
horizontal is left, vertical is down, and torsional is clockwise (from the patient's perspective, so rotation of the superior pole of the patient's eye is to the patient's right). In response to the tone in her right ear, the patient developed a 
nystagmus with upward, counterclockwise slow phases consistent with excitation of the right superior canal. Lower panel, The axis of slow-phase eye velocity corresponding to the data plotted in the upper panel. The sphere represents the 
patient's head, as viewed from the right side. The positive direction of the horizontal axis (H) travels upward from the top of the head, the torsional axis (T) straight ahead from the patient's nose, and the vertical axis (obscured by the sphere) 
from the patient's left ear. The anatomic axis of each of the right superior (RS), left superior (LS), right lateral (RL), and left lateral (LL) semicircular canals is shown. The box around the axis of each superior canal indicates the region (±2 
SD) from the mean orientation of that axis. Each light circle represents the mean eye velocity axis for one slow phase of nystagmus. (Reproduced with permission from Minor LB, Cremer PD, Carey JP and others: Symptoms and signs in 
superior canal dehiscence syndrome, Ann NY Acad Sci 942:259–73, 2001). 



 

Figure 142-6 Computed tomography (CT) images of the temporal bones in a 37-year-old man with left superior semicircular canal dehiscence syndrome. The patient developed vertigo, oscillopsia, and eye movements in the plane of the left 
superior semicircular canal in response to tones of 500 to 1000 Hz at 110 dB in the left ear. Dehiscence of bone over the left superior semicircular canal was confirmed at the time of surgery. (A) Coronal 0.5-mm-collimated CT scan through 
right temporal bone demonstrates an intact layer of bone (arrow) over the superior canal. (B) Multiplanar reformation in an oblique sagittal orientation confirms the presence of an intact layer of bone (arrows) over the right superior canal. 
(C) Coronal 0.5-mm-collimated CT scan through the left temporal bone demonstrates dehiscence of bone (arrow) over the left superior canal. (D) Multiplanar reformation in an oblique sagittal orientation through the left temporal bone 
demonstrates an area of dehiscence (arrows) over the left superior canal. (From: Belden CJ, Weg N, Minor, LB and others: CT evaluation of bone dehiscence of the superior semicircular canal as a cause of sound- and/or pressure induced 
vertigo, Radiology 226:337–343, 2003.) 
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Chapter 143 - CENTRAL VESTIBULAR DISORDERS

Scott D. Z. Eggers 
David S. Zee 

INTRODUCTION

This chapter provides a symptom-based approach to identifying and managing patients with disorders of the central nervous system who may present to the otolaryngologist with vestibular symptoms. Because patients use the term dizziness 
to describe many different sensations, it is necessary to classify their symptoms based on presumed pathophysiologic mechanisms to guide further evaluation and management.

Dizziness can be classified into vertigo (a sense of motion, either of the person or the visual surround), dysequilibrium without vertigo, presyncope (near-faint, light-headedness), and psychophysiologic dizziness (often associated with 
extreme motion sensitivity, anxiety and panic, and phobic behavior). A useful outline of the differential diagnosis based upon the patient's history is shown in Figure 140-6 in Chapter 140 . Dizziness, often with motion sickness, can occur in 
normal subjects when they are exposed to unnatural patterns of motion, for example, during sea and car travel. Overlaid on all types of dizziness can be the psychological consequences of extremely distressing symptoms, and vice versa, 
dizziness can be a symptom of a psychiatric disorder such as panic and anxiety syndromes and depression. Many central conditions can cause each of these types of dizziness. The most important ones are listed in Box 143-1 . Identifying 
these central vestibular disorders is critical because they may be life-threatening or associated with severe neurologic sequelae. To make matters more challenging, some vestibular disorders may have both peripheral and central components. 
To differentiate central from peripheral vestibular system disorders, the otolaryngologist must know the associated signs and symptoms of central nervous system (CNS) processes, as well as their temporal profile and natural history. With 
this knowledge, the clinician can determine the urgency of the workup and whether further neurologic, medical, or psychiatric evaluation should be sought.

PROLONGED SPONTANEOUS ATTACKS OF VERTIGO

Acute vertigo is a result of vestibular imbalance—an asymmetry in tonic activity within the vestibular system—whether from a peripheral (labyrinth or vestibular nerve) or central (brainstem or cerebellum) cause. When the vertigo lasts for 
hours to days, it is usually because of a loss of vestibular function. Patients generally experience an intense sense of rotation that is aggravated by head motion and ameliorated by lying still, often in the case of a peripheral disturbance, with 
the intact ear down. The abnormal sense of rotation reflects imbalance in semicircular canal-mediated vestibuloocular and vestibulospinal pathways. Imbalance in otolith-mediated vestibuloocular and vestibulospinal pathways may cause 
vertical diplopia, misperception of the sense of upright, and a sense of tilting with a tendency to fall to the affected side. Vegetative symptoms such as nausea, vomiting, and diaphoresis are also common.

The clinician first must determine whether the vertigo is of peripheral or central origin. Peripheral disorders that cause sustained vertigo are discussed in the previous chapter. The otolaryngologist must be able to quickly identify the presence 
of central disorders since some, such as cerebellar infarction or hemorrhage, impending basilar artery occlusion, or vertebral artery dissection, may require emergent management including anticoagulation or lifesaving neurosurgical 
intervention. The distinction between peripheral and central disorders can generally be made on the basis of accompanying neurologic and otologic symptoms, the type of nystagmus, localizing neurologic signs on examination, and an 
increased index of suspicion based on patient risk factors.
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Box 143-1. CENTRAL CAUSES OF DIZZINESS AND VERTIGO

Vascular 
 
Ischemic stroke/TIA 
 
Brainstem 
 
Cerebellar 
 
Labyrinthine 
 
Hemorrhage 
 
Brainstem 
 
Cerebellar 
 
Migraine 
 
Vertigo 
 
Dysequilibrium 
 
Benign paroxysmal vertigo 
 
Paroxysmal torticollis 
 
Frontal gait disorder of the elderly 
 
Inflammatory 
 
Multiple sclerosis 
 
Cerebellitis 
 
Susac syndrome 
 
Behçet's syndrome 
 
Systemic lupus erythematosus 
 
Sarcoidosis 
 
Infectious 
 
Intracranial complications of suppurative otitis 
 
Neoplastic 
 
Brainstem 
 
Cerebellar 
 
Fourth ventricle 
 
Paraneoplastic 
 
Paraneoplastic cerebellar degeneration 
 
Opsoclonus/myoclonus 



 
Craniocervical junction disorders 
 
Chiari malformation 
 
Basilar impression 
 
Syringobulbia 
 
Inherited ataxias 
 
Autosomal recessive 
 
Friedreich ataxia 
 
Ataxia-telangiectasia 
 
Vitamin E deficiency 
 
Refsum disease 
 
Autosomal dominant 
 
Spinocerebellar ataxias 
 
Episodic ataxias 
 
Metabolic 
 
Wernicke's encephalopathy 
 
Diabetes 
 
Vitamin B12 deficiency 
 
Hypothyroidism 
 
Hypoglycemia 
 
Hyperventilation 
 
Toxic 
 
Medications (see Table 143-4 ) 
 
Alcohol 
 
Degenerative 
 
Parkinson's disease 
 
Progressive supranuclear palsy 
 
Multiple systems atrophy 
 
Normal pressure hydrocephalus 
 
Epilepsy 
 
Partial seizures 
 
Trauma 



 
Brain contusion 
 
Post-concussion syndrome 
 
Physiologic 
 
Mal de debarquement syndrome 
 
Motion sickness 
 
Psychophysiologic 
 
Chronic anxiety 
 
Panic disorder 
 
Phobic postural vertigo 
 
Psychogenic gait disorder 
 
Global cerebral hypoperfusion 
 
Vasovagal presyncope 
 
Reduced cardiac output 
 
Autonomic insufficiency 
 
Hypovolemia 
 
Multisensory disturbance 
 
Peripheral neuropathy 
 
Cervical or thoracic myelopathy 
 
Visual loss 
 
Ocular motor disorders 
 
Superior oblique myokymia 
 
Voluntary nystagmus 
 

 
 
Features typical of acute central vertigo are compared with those of peripheral vertigo in Table 143-1 . The degree of imbalance is an important feature in any vertiginous patient. Even if a patient is on a gurney in the emergency department 
and is attached to cardiac and hemodynamic monitors, an attempt should be made to have the patient stand and walk. Any acutely vertiginous patient will be extremely uncomfortable and reluctant to move. When requested, however, patients 
with a peripheral vestibulopathy can stand and walk with assistance, though they will tend to lean or fall in one direction, generally toward the side of the lesion (opposite the direction of the quick phases of any spontaneous nystagmus). In 
contrast, patients with central vestibular disorders such as a cerebellar stroke are often unable to stand or take a single step, and the direction to which they fall may be variable. This severe imbalance should raise the concern for a central 
disorder.
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TABLE 143-1 -- FEATURES DIFFERENTIATING CENTRAL FROM PERIPHERAL CAUSES OF ACUTE VERTIGO

 Central Peripheral

Imbalance Severe Mild to moderate



Neurologic symptoms Frequent Rare

Nystagmus Changes direction in different gaze positions; no change with visual fixation Unidirectional in all gaze positions; decreases with visual fixation

Hearing loss Rare Frequent

Nausea Variable, may be absent Severe

Recovery by central compensation Slow Rapid
 
The characteristics of the nystagmus help distinguish central from peripheral causes. Acute central vestibular disorders from brainstem or cerebellar stroke or hemorrhage may cause spontaneous nystagmus that changes direction depending 
on gaze position (gaze-evoked nystagmus). Occasionally central nystagmus may be present in only one direction of gaze and appear similar to peripheral nystagmus. Unlike peripheral nystagmus, however, which may be suppressed by visual 
fixation and increased with removal of fixation by Frenzel lenses or occlusive ophthalmoscopy, central nystagmus is generally unaffected by removal of fixation. Purely vertical nystagmus and purely torsional nystagmus are almost always 
from a central cause. Finally, except when the vestibular nuclei are severely involved, as in Wernicke's disease, the presence of a "head thrust sign" suggests a peripheral vestibulopathy. [56] (The head thrust sign refers to the corrective saccade 
that brings gaze back to the fixation target during or after a rapid passive head rotation because the slow phase is inadequate.) Thus, the absence of a head thrust sign in acutely vertiginous patients points to a central cause.

A central process is also suggested when other neurologic symptoms and signs are present. Some of these are described later in this chapter in reference to brainstem syndromes and include diplopia, weakness of the face or limbs, dysarthria, 
dysphagia, sensory changes such as hypesthesia or hypalgesia, limb incoordination, Horner's syndrome, and altered consciousness. Hearing loss is rare with central lesions because of the divided central auditory pathways, but it may occur in 
processes such as cerebrovascular disease in which there may be an infarction of structures in the inner ear.[75] 

Ischemic Stroke

When evaluating the patient with acute vertigo, the physician should seek risk factors for ischemic stroke, such as hypertension, hyperlipidemia, diabetes, and smoking. Patients who have vertigo as the result of a stroke may have had prior, 
isolated short-lived vertiginous episodes, which fall in the category of transient ischemic attacks (TIAs). TIAs are discussed further in the section on recurrent vertigo. A clinical picture compatible with an acute ischemic stroke should 
prompt emergent neurologic evaluation and management.

The blood supply to the inner ear, brainstem, and cerebellum arises from the vertebrobasilar system. Vertigo can occur from occlusion of any of the three major circumferential branches of the vertebral or basilar arteries: the posterior inferior 
cerebellar artery (PICA), the anterior inferior cerebellar artery (AICA), and the superior cerebellar artery (SCA) ( Figure 143-1 ).

The PICA arises from the vertebral artery at the level of the medulla and supplies the dorsolateral medulla, inferior cerebellar peduncle, and posterior inferior cerebellum on that side. Typically the PICA divides into a medial branch that 
supplies the medial inferior cerebellum, including the inferior vermis and vestibulocerebellum, and a lateral branch supplying the inferior lateral cerebellar hemisphere.

The AICAs originate more superiorly at the proximal basilar artery near the lower border of the pons; run laterally over the sixth, seventh, and eighth cranial nerves; and supply the lateral pontomedullary region, inner ear, middle cerebellar 
peduncle, and anterior inferior cerebellum including the flocculus. The labyrinthine (or internal auditory), which supplies the vestibular labyrinth and cochlea through subsequent branches, is typically a branch of the AICA but may arise 
directly from the basilar artery.

The SCA originates from the basilar artery just before the basilar artery divides into the two posterior cerebral arteries. The SCA generally supplies the upper pons, superior cerebellar peduncle, and inferior colliculus, and then divides into 
branches that supply
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Figure 143-1 The blood vessels supplying the brain. The brainstem is supplied by branches of the vertebral arteries and basilar artery. Note that while this figure shows the internal auditory artery arising directly from the basilar artery, it is 
commonly a branch off of the anterior inferior cerebellar artery (AICA) instead. (From Kandel ER, Schwartz JH, Jessell TM: Principles of neural science. New York, 2000, McGraw-Hill, p 1303.) 



 

TABLE 143-2 -- ANATOMIC BASIS FOR SIGNS AND SYMPTOMS SEEN WITH INFARCTION IN THE TERRITORIES OF THE POSTERIOR INFERIOR, ANTERIOR INFERIOR, AND SUPERIOR CEREBELLAR ARTERIES

Symptoms and Signs Lateral Medullary (PICA) * Lateral Pontomedullary (AICA) * Superior Lateral Pontine (SCA) * 

Vertigo, nystagmus Vestibular nuclei, posterior inferior cerebellum Labyrinth, vestibular nerve, flocculus, paraflocculus Superior cerebellum, vermis

Gait and ipsilateral limb ataxia Inferior cerebellar peduncle, posterior inferior cerebellum Middle cerebellar peduncle, anterior inferior cerebellum Superior cerebellum, vermis, superior cerebellar 
peduncle

Tinnitus, hearing loss (ipsilateral) None Cochlea, auditory nerve, cochlear nucleus None

Facial paralysis (ipsilateral) Facial nerve (rare) Facial nerve None

Facial pain or numbness (ipsilateral) Spinal nucleus and tract of trigeminal nerve Trigeminal nerve or spinal nucleus/tract Spinal nucleus and tract of trigeminal nerve

Body hemianesthesia (contralateral) Spinothalamic tract Spinothalamic tract Spinothalamic tract

Horner's syndrome Descending sympathetic fibers Descending sympathetic fibers Descending sympathetic fibers

Dysphagia, hoarseness, decreased gag, vocal cord weakness 
(ipsilateral)

Vagus nerve and nuclei None None

Impaired vibration and position sense (contralateral) None None Medial lemniscus
*PICA, posterior inferior cerebellar artery; AICA, anterior inferior cerebellar artery; SCA, superior cerebellar artery. 

 
 
 
 
Figure 143-2 Medulla cross-section with anatomic structures labeled on the right and vascular lesions on the left. (From Kandel ER, Schwartz JH, Jessell TM: Principles of neural science, New York, 2000, McGraw-Hill, p 1303.) 

 
 

Box 143-2. OCULAR MOTOR FINDINGS IN WALLENBERG'S SYNDROME OF LATERAL 
MEDULLARY INFARCTION

Lateropulsion (deviation) of the eyes toward the side of the lesion in darkness, behind closed lids, or with a blink. 
 
Lateropulsion (ipsipulsion) of saccades: saccades toward the side of the lesion are hypermetric. Saccades opposite 
the side of the lesion are hypometric. 
 
Vertical saccades are oblique, with an inappropriate horizontal component toward the side of the lesion. 
 
Torsi pulsion: inappropriate torsional rotation of the globe with horizontal saccades. 
 
Smooth pursuit impaired for targets moving away from the side of the lesion. 
 
Spontaneous nystagmus with the eyes in central position that is often mixed horizontal-torsional. Slow phases are 
usually directed toward the side of the lesion. 
 
Ocular tilt reaction: skew deviation with ipsilateral hypotropia, head tilt toward side of lesion, ipsilateral 
cyclodeviation (top poles of eyes rolled ipsilaterally). Ipsilateral deviation of subjective visual vertical. 
 



 
 
Lateral Pontomedullary Infarction

Ischemia in the territory of the AICA results in infarction of the lateral pontomedullary region, middle cerebellar peduncle, and anterior inferior cerebellum ( Figure 143-3 ). [92] Because the labyrinthine artery usually arises from the AICA, 
infarction of the cochlea and labyrinth or eighth nerve may also occur. Sudden vertigo, nausea, and vomiting are prominent symptoms. Unlike the lateral medullary syndrome, however, patients with infarction in the AICA distribution often 
have severe unilateral hearing loss. Ataxia, ipsilateral facial anesthesia, contralateral body anesthesia, and ipsilateral Horner's syndrome may all occur, but not dysphagia or dysphonia. The AICA also supplies the facial nerve, so ipsilateral 
facial paralysis is common. Occlusion of the AICA invariably results in infarction of the ventrolateral pons and middle cerebellar peduncle, but a rich anastomotic arterial network may spare the seventh and eighth nerve root entry zones. 
Occlusion of a small branch in the rostral medulla and caudal pons can produce the vestibular-masseter syndrome, in which case there is an acute vestibular imbalance and a unilateral paresis of the muscles of mastication.

Occlusion of the labyrinthine artery alone (also known as the internal auditory artery) or one of its branches results in sudden profound cochlear and vestibular loss in the absence of symptoms or signs of involvement of the brainstem or 
cerebellum, suggesting more proximal involvement of the AICA. Hearing loss and vestibular impairment are usually permanent, although vertigo and imbalance gradually improve through central compensation. A vascular etiology for acute 
isolated vertigo should be suspected in patients with vascular risk factors, particularly if there is a history suggesting TIAs or strokes.

Cerebellar Infarction

Cerebellar infarction can sometimes mimic a peripheral vestibular disturbance, but its recognition is critical, as management may require prompt neurosurgical intervention. The cerebellum is supplied by the PICA, AICA, and SCA. 
Occlusion of any of these vessels can cause cerebellar infarction, but if the vessel is involved proximally, signs of brainstem involvement will point to the correct localization. The clinical syndromes of the more commonly involved PICA 
and AICA are described earlier in this chapter. Occlusion of the SCA may produce infarction of the superior
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Figure 143-3 Lower pons cross-section with anatomical structures labeled on the right and vascular lesions on the left. (From Kandel ER, Schwartz JH, Jessell TM: Principles of neural science, New York, 2000, McGraw-Hill, p 1303.) 

 

Figure 143-4 Upper pons cross section with anatomic structures labeled on the right and vascular lesions on the left. (From Kandel ER, Schwartz JH, Jessell TM: Principles of neural science, New York, 2000, McGraw-Hill, p 1303.) 

 

Figure 143-5a Magnetic resonance imaging of a lateral medullary infarction. A, The FLAIR. 



 

Figure 143-5b B, Diffusion-weighted images. Both show changes of an acute infarction involving the left dorsolateral medulla. (Courtesy of KD Flemming.) 

 

Figure 143-6 A, Frontal. B, Lateral. Magnetic resonance angiogram showing a severe stenosis at the junction of the left vertebral artery (long arrow) and the basilar artery (short arrow). The right distal vertebral artery is also occluded 
(arrowhead). (From Lee H: Sudden bilateral simultaneous deafness with vertigo as a sole manifestation of vertebrobasilar insufficiency, J Neurol Neurosurg Psychiatry 74:540, 2003.) 



 

Figure 143-7 Noncontrast computed tomography of a cerebellar hematoma within the vermis. Surrounding edema and effacement of the superior aspect of the fourth ventricle exist. Resulting obstruction of cerebrospinal fluid (CSF) outflow 
may lead to hydrocephalus. (Courtesy of KD Flemming.) 

 

Figure 143-8a Cerebral multiple sclerosis (MS). A, Cranial magnetic resonance image (MRI) (FLAIR sequence) demonstrating extensive periventricular white matter signal abnormalities in a patient discovered to have MS. 



 

Figure 143-8b B, T2-weighted gadolinium-enhanced MRI demonstrating contrast-enhancing, active MS lesion. (Courtesy of B. M. Keegan.) 

 

Figure 143-9 Axial T2-weighted brainstem MRI showing high signal intensity in the region of the eighth nerve root-entry zone. Note that the vestibular nuclei appeared to be spared. Shown for comparison is a line drawing that indicates 
major anatomic structures. TL, temporal bone; Ch, cochlea; N VII, seventh cranial nerve; N VIII, eighth cranial nerve; HSC, horizontal semicircular canal; Vest, vestibule; SO, superior olive; VII, facial nucleus; V(sn), spinal nucleus of the 
trigeminal tract; ICP, inferior cerebellar peduncle; 4th, fourth ventricle; VN, vestibular nuclei. (From Furman, Durrant, and Hirsch,[42] p 377.) 

 

Figure 143-10 Wernicke's encephalopathy. FLAIR images on brain MRI demonstrate increased signal around the third and fourth ventricles, Sylvian aqueduct, mammillary bodies (indicated by arrow), and tectum typical for Wernicke's 
encephalopathy. (From Ramulu P, Moghekar A, Chaudhry V and others.[105] ) 



 
 

Box 143-3. ABBREVIATED INTERNATIONAL HEADACHE SOCIETY CLASSIFICATION OF MIGRAINE

Migraine without aura 
 
Migraine with aura 
 
Typical aura with migraine headache 
 
Typical aura with non-migraine headache 
 
Typical aura without headache 
 
Familial hemiplegic migraine 
 
Sporadic hemiplegic migraine 
 
Basilar-type migraine 
 
Childhood periodic syndromes that are commonly 
 
precursors of migraine 
 
Cyclical vomiting 
 
Abdominal migraine 
 
Benign paroxysmal vertigo of childhood 
 
Retinal migraine 
 
Complications of migraine 
 
Chronic migraine 
 
Status migrainosus 
 
Persistent aura without infarction 
 
Migrainous infarction 
 
Migraine-triggered seizure 
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Box 143-4. DIAGNOSTIC CRITERIA FOR MIGRAINE

Migraine without aura 
 

A.  At least five attacks fulfilling B–D.
B.  Headache attacks lasting 4 to 72 hours (untreated or unsuccessfully treated).
C.  Headache has at least two of the following characteristics:

1.  Unilateral location.
2.  Pulsating quality.
3.  Moderate or severe intensity.
4.  Aggravation by or causing avoidance of routine physical activity (e.g., walking or climbing stairs).

D.  During headache at least one of the following:
1.  Nausea and/or vomiting.
2.  Photophobia and phonophobia.

E.  At least one of the following:
1.  History and physical do not suggest headaches secondary to organic or systemic metabolic disease.
2.  History and/or physical and/or neurologic examinations do suggest such disorder, but is ruled out by 

appropriate investigations.
3.  Such disorder is present, but migraine attacks do not occur for the first time in close temporal relation to the 

disorder.
Migraine with aura (typical aura with migraine headache) 
 

A.  At least two attacks fulfilling B–D.
B.  Aura consisting of at least one of the following, but no motor weakness:

1.  Fully reversible visual symptoms including positive features (e.g., flicker lights, spots, or lines) and/or 
negative features (e.g., loss of vision).

2.  Fully reversible sensory symptoms including positive features (e.g., pins and needles) and/or negative 
features (e.g., numbness).

3.  Fully reversible dysphasic speech disturbance.
C.  At least two of the following:

1.  Homonymous visual symptoms and/or unilateral sensory symptoms.
2.  At least one aura symptom develops gradually over ≥5 minutes and/or different aura symptoms occur in 

succession over ≥5 minutes.
3.  Each symptom lasts ≥5 minutes and ≤60 minutes.

D.  Headache-fulfilling criteria B–D for migraine without aura begins during the aura or follows aura within 60 
minutes.

E.  Not attributed to another disorder.

 
 
Vertigo is extremely common in migraine and occurred in 26.5% of Kayan and Hood's group of migraine patients, compared with only 7.8% of those with tension headache.[69] Patients with episodic vertigo from vestibular migraine can be 
thought of as a subset of basilar migraine patients. Dieterich and Brandt[31] studied 90 patients who, after appropriate evaluation and treatment, were believed to have vestibular migraine as the cause of episodic vertigo. Only 7.8% actually met 
the IHS criteria for basilar migraine of two or more neurologic symptoms lasting 5 to 60 minutes. This was because auras consisted of only one symptom in 77% of patients, were too short in 12%, and too long in 57%. Of the 84 patients 
with vertigo as opposed to lightheadedness, 70 reported rotational vertigo and 34 reported to-and-fro vertigo (some described both), and both types were associated with postural imbalance and unsteadiness. The attacks of vertigo usually 
lasted a few minutes to several hours, but occasionally were as short as a few seconds or as long as a few days. (In Cutrer and Baloh's series there was a bimodal distribution of the duration of the dizziness episodes, with 31% reporting 
minutes to 2 hours and 49% reporting greater than 24 hours, but they did not separate those patients with vertigo from those with nonvertiginous dizziness.[30] ) Most patients reported multiple attacks, most commonly several per month. Of the 
patients in the series, 62% had only vestibular symptoms, and another 16% had only vestibular plus auditory symptoms of tinnitus, episodic hearing loss, or aural fullness. In 68% of patients, the attacks of vertigo were associated with a 
moderate headache, most often holocephalic (28%) or occipital and nuchal (24%). But 32% could not recall headache or a feeling of head fullness associated with the attacks. The attacks of vertigo were the only manifestation of migraine in 
48%, while 52% had other forms of migraine, usually migraine without aura. This temporal relationship is consistent with Kayan and Hood's study, in which vertigo occurred during the headache-free interval in 36%, during the headache in 
47%, and immediately preceding the headache in 15%.[69] However, only 5 of 91 patients reported a consistently recurring temporal relationship between dizziness and headache in Cutrer and Baloh's group.[30] In Dieterich and Brandt's series,[31] 
the first attack of vertigo occurred between the ages of 7 and 72 years, with a mean onset of 38 years in women and 42 years in men. In either sex the first attack could occur when the patients were in their 60s. Of patients reporting attacks of 
vertigo, 68% had other family members with migraine.

Auditory symptoms also occur in migraine. Phonophobia is the most common, occurring in up to 81% of those with migraine.[69] Of patients with basilar migraine, Olsson noted that 70% of patients had
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phonophobia during the headache and 76% during the headache-free interval.[95] Main, Dowson, and Gross[81] and Olsson[95] found significantly lowered thresholds for hearing discomfort in migraineurs. Tinnitus is also common, occurring in 
15% of migraineurs[69] and more than 60% with basilar migraine,[95] but is usually over-shadowed by other complaints. Several case series have demonstrated an association between migraine and hearing loss.[60] [74] [95] [130] Olsson found some type 
of low-frequency hearing loss in 80% of basilar migraine patients, bilateral in 46%, and unilateral in 34%. In 60%, the hearing loss was fluctuating, making distinction from Ménière's disease difficult. Migraine may occasionally cause 
sudden profound unilateral sensorineural hearing loss across all frequencies. Although sudden unexplained hearing loss is often attributed to a viral infection, some argue that the abrupt onset (in association with a migraine history) argues for 
migraine-related vasospasm as the cause.[130] One migraineur who had suddenly lost hearing and then subsequently died showed a cochlear infarction on pathologic examination, further supporting the vasospasm hypothesis. [74] 

The general neurologic examination is usually normal in migraineurs. [30] However, Dieterich and Brandt noted a surprisingly high percentage (65%) of patients with central ocular motor signs between attacks. Most frequent were vertical 
(48%) and horizontal (22%) impaired pursuit, gaze-evoked nystagmus (27%), moderate positional nystagmus (11%), or spontaneous nystagmus behind Frenzel lenses (11%).[31] All but one of Olsson's 50 patients with basilar migraine had 
normal ocular motor testing with electronystagmography (ENG).[95] Various types of positional nystagmus are reported to be common on ENG of migraineurs. Caloric testing may show a reduced vestibular response unilaterally in 18% to 
60% of patients and bilaterally in 4% to 12%.[24] [30] [69] [95] A directional preponderance to rotation is also a common finding. We have observed that the most common abnormality with rotational testing is a prolonged duration of response.

Pathophysiology

Migraine can be thought of as a neurovascular disorder: neural events result in the dilation of blood vessels, which subsequently results in pain and further nerve activation. The basic biologic problem appears to be the dysfunction of an ion 
channel in the aminergic nuclei within the brainstem or diencephalon, such as the serotonin-producing dorsal raphe nucleus or norepinephrine-producing locus ceruleus, that normally modulates sensory input and exerts neural influences on 
cranial vessels.[47] The brainstem appears to become activated during attacks of migraine. The aura of migraine (such as a scintillating scotoma) is likely a result of spreading depression, a wave of decreased cerebral perfusion that slowly 
passes across the cortex as a response to depressed neuronal function from accumulation of extracellular potassium. The wave of depression spreads across the visual cortex at a rate of 2 to 6 mm/min and correlates well with the rate of 
enlargement of the scintillating scotoma observed by the patient.

The cause of pain in migraine is incompletely understood. The brain is largely insensate, but pain can be generated by large extracranial vessels, proximal intracranial vessels, or dura mater. Stimulation of vascular afferents activates neurons 
in the trigeminocervical complex. The involvement of the ophthalmic division of the trigeminal nerve and the overlap with structures innervated by the dorsal horns of the upper cervical levels of the spinal cord may explain the common 
distribution of what is essentially referred pain over the frontal, temporal, occipital, and high cervical regions.[47] Vascular stimulation is likely a secondary phenomenon. Trigeminal nerve fibers around pial arteries on the ventral surface of the 
brain are depolarized by the high potassium concentration from spreading depression. This leads to the release of vasoactive neurotransmitters such as calcitonin gene-related peptide (CGRP) and substance P, which in turn increases vascular 
permeability, dilates cerebral vessels, and causes a sterile neurogenic inflammation.[88] In addition to the vasodilation that may accompany migraine headaches, vasospasm of intracranial vessels may also occur in migraine. Vasospasm likely 
results from the hypometabolism of spreading depression and is associated with the classic visual aura, as well as the monocular blindness of retinal migraine.

The potential origin of vertigo and ocular motor abnormalities in migraine was reviewed by Dieterich and Brandt.[31] Vertigo may arise from a lesion or abnormal stimulation anywhere along the peripheral or central vestibular structures, 
including the brainstem, thalamus, and parietoinsular vestibular cortex. Given that they frequently found central ocular motor signs in association with vertigo, Dieterich and Brandt argued that both arise from brainstem dysfunction involving 
the vestibular nuclei. Transient reversible dysfunction in the pontomesencephalic brainstem has been documented with brainstem auditory-evoked potentials during basilar migraine attacks.[44] [138] It seems plausible that vertigo occurring as an 
aura preceding the headache arises from the same transient inhibition of neuronal function responsible for the visual aura. Other authors have found a high frequency of peripheral auditory and vestibular deficits both between and during 
attacks, including hearing loss and unilateral or bilateral vestibular hypoactivity. Although lesions of the eighth
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nerve root entry zone or vestibular nuclei can mimic a peripheral process, it appears that in some patients with basilar migraine, the labyrinth itself is involved.[74] [130] This may be a result of ischemia or infarction from the basilar migraine-
induced vasospasm. The inner ear is supplied by branches of the AICA arising from the basilar artery and the AICA also supplies the anterolateral pons, middle cerebellar peduncle, and flocculus. In some cases, a combination of central and 
peripheral audiovestibular dysfunction is plausible.

Persistent ocular motor abnormalities (and other subclinical signs of cerebellar involvement including limb dysmetria) during the symptom-free interval may reflect subtle continuous neuronal dysfunction consistent with a basic neuronal 
defect present in patients with migraine.[31] Between attacks, migraineurs may show abnormalities on electroencephalograms (EEGs) and persistent activation in the brainstem on positron emission tomography. The cause of this neuronal 
dysfunction in migraineurs is unclear, but the combination of episodic vertigo and interictal ocular motor abnormalities is similar to that seen in the familial episodic ataxias, which have now been identified as channelopathies (discussed later 
in this chapter). Conceivably, brainstem defects in the symptom-free interval of vestibular migraine reflect an electrophysiologic neuronal membrane instability in one of the ion channels involved in the pathophysiology of other inherited 
disorders with episodic neuronal function.[31] This may explain the frequently positive response to medications that are membrane stabilizers or channel blockers.

Migraine and Ménière's Disease

An association between Ménière's disease (MD) and migraine was suggested in 1861 by Ménière himself.[85] It can be difficult to distinguish between the two, as their clinical features may overlap, both rely on clinical diagnostic criteria rather 
than a definitive diagnostic test, and there is no agreed-upon classification for vestibular migraine.[1] [94] Given that MD arises from cochlear pathology, the presence of visual or somatosensory phenomena or headaches associated with vertigo 
attacks certainly suggests a diagnosis of migraine. However, many of these distinguishing features may be absent in migraineurs. Likewise, while fluctuating sensorineural hearing loss and other auditory symptoms suggest MD, hearing loss 
may be a feature of migraine. Migraine has even been associated with the falls attributed to the otolithic crises of Tumarkin, the sudden drop-attack falls that have been noted in some patients with Ménière's disease.[62] 

A recent study by Radtke and others[104] found that the lifetime prevalence of migraine was significantly higher in patients with MD compared with age- and gender-matched controls, 56% vs 25%. Migraine headaches occurred during 
Ménière's attacks in 28% with MD, and always together in half of those. Ménière's attacks were always accompanied by either headache, photophobia, or aura in 45% of MD patients. Another previous uncontrolled case series also found an 
increased prevalence of migraine among MD patients,[98] although a questionnaire-based survey found a nonsignificant decrease in prevalence of migraine.[107] Fluctuating cochlear symptoms and hearing loss, key symptoms for the diagnosis of 
MD, occur in migraine in 12% [64] to 38%[95] of cases.

Vestibular Ménière's disease, a term that has been applied to patients with recurrent vertigo lasting minutes to hours without associated auditory or neurologic symptoms, has been discarded as a diagnosis by the American Academy of 
Otolaryngology-Head and Neck Surgery Committee on Hearing and Equilibrium.[99] Most of these patients probably have migraine. A partial explanation for the frequent concurrence of MD and migraine is that some patients may fit the 
diagnostic categories for both. Recently proposed diagnostic criteria for vestibular migraine described later in this chapter may help differentiate these patients.[43] [89] Additionally, a common pathophysiologic mechanism could be supposed for 



patients who experience migrainous symptoms with their Ménière's attacks. Baloh suggested that a defective ion channel with predominant expression in the brain and inner ear could lead to a local buildup of extracellular potassium, causing 
both the spreading depression in migraine and a paroxysmal osmotic dysequilibrium that causes endolymphatic hydrops and increased perilymphatic potassium with toxic effects on inner ear hair cells.[7] 

Diagnosing Vestibular Migraine

Diagnosing vestibular migraine first involves taking a careful history for migraine headaches and other migrainous phenomena. It is insufficient to merely ask patients whether they get migraines, as many undiagnosed patients believe their 
episodic headaches are a result of tension, sinus disease, or neck problems. The headaches need not be severe or unilateral. The IHS criteria for migraine ( Box 143-4 ) are a useful reference. A history of prior motion sensitivity and family 
history further suggest the diagnosis.

No universally accepted diagnostic criteria exist for vestibular migraine and perhaps, as a result, the concept of migraine-related vertigo has not yet reached mainstream medicine. The IHS classification does not specifically include vestibular 
migraine as a diagnosis, and migraine-related vertigo often does not fulfill the criteria for a migrainous aura. Nor are strict criteria for basilar migraine generally met, because this requires
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two or more neurologic symptoms localizing to the posterior circulation territory. However, the coincidence of migraine and vertigo alone is not specific enough, as other diagnoses must be excluded. Thus several authors have proposed 
diagnostic criteria and algorithms.

Neuhauser and others[89] proposed criteria for definite migrainous vertigo as: (1) episodic vestibular symptoms (rotational vertigo, other illusory self or object motion, positional vertigo, head motion intolerance) of at least moderate severity; 
(2) migraine according to IHS criteria; (3) at least one of the following migrainous symptoms during at least two vertiginous attacks: migrainous headache, photophobia, phonophobia, visual or other auras; and (4) other 

 
Figure 143-11 Diagnosis of definite (a) and probable (b) migrainous vertigo. "Moderate" vestibular symptoms interfere with daily activities, and "severe" vestibular symptoms prohibit daily activities. "Head motion intolerance" is the 
sensation of imbalance or illusory self or object motion provoked by head motion. IHS, International Headache Society. (From Furman JM, Marcus DA, and Balaban CD,[43] pp 8–9, adapted from Neuhauser and others.[89] ) 

 

TABLE 143-3 -- FREQUENCY OF ASSOCIATED SYMPTOMS IN 42 PATIENTS WITH VERTIGO FROM VERTEBROBASILAR INSUFFICIENCY[51]

Symptom Patients

Visual dysfunction 29

Drop attacks 14

Unsteadiness-incoordination 9

Extremity weakness 9



Confusion 7

Headache 6

Hearing loss 6

Loss of consciousness 4

Extremity numbness 4

Dysarthria 4

Tinnitus 4

Perioral numbness 2
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unaccompanied by other symptoms and continuing to occur for more than 3 months should suggest a disorder other than vertebrobasilar ischemia.

Most patients with vertebrobasilar TIAs who present with only episodic vertigo do not go on to have an immediate stroke and so can be evaluated in an expedited outpatient setting. Those with episodes of hemiparesis, quadriparesis, bilateral 
blindness, or altered consciousness should be urgently evaluated for impending basilar artery thrombosis. The evaluation of TIAs is similar to that of stroke (discussed earlier in this chapter). Initially, patients are usually managed with 
aspirin, and newer platelet inhibitors such as clopidogrel or a combination of aspirin and dipyridamole are used if TIAs continue. Chronic anticoagulation with warfarin in severe vertebrobasilar stenosis is supported by at least one study,[103] 
although reduced risk of stroke must be weighed against increased risk of hemorrhage. Percutaneous stenting is under investigation for symptomatic basilar artery stenosis refractory to medical therapy.[49] 

Inflammatory Processes

Multiple sclerosis may occasionally present with stereotyped paroxysms of vertigo, sometimes precipitated by hyperventilation.[127] These attacks may represent episodes of abnormal electrical excitability in demyelinated CNS vestibular 
pathways, perhaps because of ephaptic or axonal cross transmission. The paroxysms can usually be managed effectively with membrane-stabilizing agents such as carbamazepine or phenytoin, or with acetazolamide. Other features of MS are 
discussed earlier in this chapter.

Other inflammatory disorders causing recurrent vertigo generally act on the peripheral vestibular system, such as syphilis, Cogan's syndrome, and sarcoidosis. Susac's syndrome predominantly affects young women and is also known as 
retinocochleocerebral vasculopathy, a microangiopathy of the eighth nerve and cochlea, as well as the retina and brain.[101] Patients may have branch retinal artery occlusions, low-frequency hearing loss, and vestibular involvement, as well as 
central neurobehavioral changes. Connective tissue disorders such as systemic lupus erythematosus, rheumatoid arthritis, Behçet's disease, antiphospholipid syndrome, and other vascularities should be kept in the differential of recurrent 
vertigo.

Epilepsy

Seizures are a rare cause of recurrent vertigo, sometimes called tornado epilepsy. Such simple partial seizures may occur without other symptoms or alteration of consciousness. Seizures in which there is nystagmus may be a result of 
activation of cortical saccade or pursuit centers.[41] [66] [126] In patients with epilepsy, dizziness and vertigo are more likely a result of side effects from anticonvulsants and other drugs.

Ocular Motor Disorders Presenting as Diplopia or Dizziness

While not "central" in origin, these nonvestibular syndromes may bring patients to the otolaryngologist with complaints of brief spells of oscillopsia or diplopia that are misinterpreted as vestibular in nature.

Superior Oblique Myokymia

Superior oblique myokymia (SOM) is characterized by paroxysmal monocular oscillopsia and microtremor. Monocular torsional and vertical eye movements are a result of intermittent contraction of the superior oblique muscle. Patients 
often report brief recurrent episodes of monocular blurring of vision or tremulous sensations in one eye, as well as vertical or torsional oscillopsia.[77] Attacks generally last less than 10 seconds but may occur many times per day. The eye 
movements may be difficult to appreciate on gross examination, but the spasms of torsionalvertical rotations can sometimes be detected by looking at the conjunctival blood vessels while the patient is having oscillopsia. In some patients, 
MRI scans show compression of the trochlear nerve at its exit zone by an artery, usually a branch of the superior cerebellar artery.[139] SOM may be a neurovascular compression syndrome much like trigeminal neuralgia or hemifacial spasm. 
Some patients may respond to carbamazepine, baclofen, gabapentin, or systemically or topically administered β-blockers.[124] 

Voluntary Nystagmus

Some normal subjects can induce saccadic oscillations at will, termed voluntary or psychogenic flutter or voluntary nystagmus. These conjugate oscillations have a similar frequency and amplitude to those in ocular flutter and opsoclonus in 
patients with neurologic disorders (discussed later in this chapter). The oscillations are predominantly horizontal but may have small vertical or torsional components. Voluntary flutter is usually difficult to sustain for more than 10 to 20 
seconds and is often accompanied by convergence, facial grimacing, or eyelid flutter, distinguishing it from pathologic opsoclonus or ocular flutter. [77] 

RECURRENT EPISODES OF POSITIONAL VERTIGO

When evaluating a patient complaining of constant dizziness or vertigo, the physician must differentiate between symptoms that are continuously present vs a
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constant susceptibility to symptoms that may be easily provoked by activities such as position changes. Benign paroxysmal positioning vertigo (BPPV) is the most common cause of positional vertigo and is discussed elsewhere. When 
severe, patients may complain of vertigo that is constantly provoked by minimal head movement. Diagnosis of BPPV is generally straightforward, but central disorders may also produce positional vertigo and nystagmus that can be 
overlooked or misdiagnosed unless care is taken with the examination.

Several features of positional nystagmus suggest a central rather than peripheral cause. The subjective disturbances are often much less than expected from the intensity of the nystagmus. With a central lesion, when the patient is placed in a 
head-hanging position, the nystagmus may begin without a latent period and may persist with a constant slow-phase velocity for as long as the head position is maintained. Pure vertical positional nystagmus, usually down beating with 
respect to the head, is the most common central type. Characteristics of horizontal positional nystagmus that suggest a central disturbance include: (1) a sustained, large-amplitude nystagmus that is present during visual fixation; (2) 
nystagmus that occurs in more than one head position; and (3) nystagmus that has an associated vertical (and especially downbeat) component. Positional nystagmus attributed to a central cause is usually associated with other neurologic 
signs or symptoms.

Multiple sclerosis may cause positional nystagmus, sometimes with vertigo[39] ; such symptoms may be the first manifestation of the disease.[68] Pure vertical positional nystagmus is a frequent sign of a lesion in the cerebellum or at the 
craniocervical junction. Other ocular motor abnormalities such as gaze-evoked nystagmus, impaired smooth pursuit, impaired vestibuloocular reflex (VOR) suppression, rebound nystagmus, or downbeat nystagmus are usually present.[136] 
Chiari malformations, in which the cerebellar tonsils are displaced caudally through the foramen magnum, may produce positional downbeat nystagmus, as well as many other ocular motor findings localizing to the vestibulocerebellum. 
These patients often have dizziness, vertigo, neck pain, or headaches brought on by Valsalva maneuvers. [77] Alcohol intoxication can produce a horizontal positional nystagmus by altering the specific gravity of the cupula relative to the 
surrounding endolymph. Acute vertigo attributed to neck movements that lead to kinking of the vertebral artery occurs rarely.[110] [120] Finally, if nystagmus typical of BPPV is present with the patient's head turned to the right and to the left 
(bilateral BPPV), then head injury or brainstem ischemia is more likely to be implicated.[79] 

CHRONIC DYSEQUILIBRIUM WITHOUT VERTIGO

Patients often use the term dizziness to refer to unsteadiness, lightheadedness, near faint, loss of balance, fatigue, floating feelings, head fullness, out of body sensations, or other symptoms that do not reflect a disturbance in the vestibular 
system. Conversely, some patients with genuine disturbances in the vestibular system will report such unusual symptoms and peripheral vestibular disorders must be excluded, particularly bilateral vestibular loss from a variety of causes.

The tasks of standing and walking require complex sensory integration from the vestibular, somatosensory, and visual systems that all provide information about orientation to the brain. Appropriate motor commands are generated and fine-
tuned through the frontal lobes, cerebellum, and basal ganglia. Dysfunction in any of these areas can lead to imbalance or unsteadiness that may be referred to as dizziness.

Cerebellar Ataxia

Cerebellar ataxia refers to a lack of accuracy or coordination of movement that is not a result of paresis, alteration in tone, loss of postural sense, or presence of involuntary movements. Ataxia may occur in the form of limb ataxia, gait ataxia, 
truncal ataxia (stance and sitting), ataxic dysarthria (speech), and a variety of eye movement abnormalities, all depending on the location of dysfunction within the cerebellum or its connections. The cerebellum consists of two large 
hemispheres and a midline vermis. Lesions of the midline structures result in disturbances of stance, gait, and ocular movements, whereas lesions of the hemispheres mainly affect limb movements. Purkinje cells of the cerebellar cortex 
project to various deep cerebellar nuclei from which the main outputs of the cerebellum are transmitted via the superior and inferior cerebellar peduncles to brainstem targets.

The flocculonodular lobe consists of the flocculus, paraflocculus, nodulus, and ventral uvula and has been named the vestibulocerebellum because of its extensive vestibular afferent and efferent connections that help regulate the VOR, gaze 
stabilization, and ocular pursuit systems, as well as coordination of gait and stance. Efferents from the flocculonodular lobe project directly to the vestibular nuclei in the brainstem, some of which are functionally analogous to the deep 
cerebellar nuclei. The anterior vermis and para vermal structures have been named the spinocerebellum because of their spinal efferents through the fastigial nuclei that also coordinate gait and stance, as well as saccade accuracy and smooth 
pursuit.

The otolaryngologist may be asked to differentiate between a peripheral or central etiology in a patient
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with nystagmus and imbalance. Three principle cerebellar syndromes can be defined based on specific localization and characteristic eye findings ( Box 143-5 ).[77] Downbeat, gaze-evoked, and rebound are the most common types of 
cerebellar nystagmus.

Hereditary Ataxias

The hereditary ataxias are a heterogeneous group of disorders for whom the genetics have been greatly elucidated in the past decade. In any patient with cerebellar ataxia, a detailed family history should be sought, although spontaneous 
mutations and variable penetrance may produce genetic ataxias without a family history. [2] The adult-onset autosomal-dominant ataxias, generally referred to as spinocerebellar ataxias (SCAs), have evolved from Harding's original clinical 
classification[59] and are now classified by sequential numbers assigned when a new genetic locus is discovered, currently SCA1 through SCA22. The SCAs can be subclassified into three discrete groups based on pathogenesis: (1) the 
polyglutamine disorders, SCAs 1, 2, 3, 7, and 17, resulting from proteins with toxic stretches of polyglutamine; (2) the channelopathies, SCA6 and episodic ataxia types 1 and 2, resulting from malfunction in calcium or potassium channels; 
and (3) the gene expression disorders, SCAs 8, 10, and 12, resulting from repeat expansions outside of coding regions that may quantitatively alter gene expression.[36] [82] The causes of the others are unknown and may not fit into one of the 
three groups. Certain clinical features can help distinguish among some of the SCAs, for example very slow saccades in SCA2, dystonia or parkinsonism in SCA3, or a pure cerebellar syndrome in SCA6. Given the significant phenotypic 
overlap, genetic testing is warranted and is available from commercial laboratories for SCAs 1, 2, 3, 6, 7, 8, 10, and 17.

 
 



Box 143-5. OCULAR MOTOR FINDINGS WITH VARIOUS CEREBELLAR LESIONS[77] 

 
Cerebellar Flocculus and Paraflocculus 

Impaired smooth pursuit and combined eye-head tracking ("VOR suppression") 
 
Impaired ability to suppress caloric nystagmus by fixating a stationary target 
 
Impaired gaze-holding function, leading to gaze-evoked nystagmus and rebound nystagmus 
 
Downbeat nystagmus, often greatest on looking laterally and downward 
 
Post-saccadic drift (eyes drift after every saccade) 
 

 
Cerebellar Nodulus and Ventral Uvula 

Prolongation of vestibular responses (increased velocity storage) 
 
Loss of ability to suppress post-rotational nystagmus by tilting the head 
 
Positional nystagmus; downbeat nystagmus 
 
Periodic alternating nystagmus in darkness (present in light if floccular and paraflocculus lesions are also present 
and impair visual fixation) 
 

 
Dorsal Vermis, Fastigial Nucleus, and Uncinate Fasciculus 

Dorsal vermis 
 
Ipsilateral hypometria and contralateral hypermetria of saccades 
 
Gaze is tonically deviated away from the side of the lesion 
 
Smooth pursuit is impaired for targets moving toward the side of the lesion 
 
Unilateral fastigial nucleus 
 
Ipsilateral hypermetria and contralateral hypometria of saccades-"ipsipulsion" 
 
Gaze is tonically deviated toward the side of the lesion 
 
Smooth pursuit impaired for targets moving away from the side of the lesion 
 
Similar defects are features of Wallenberg's syndrome 
 
Uncinate fasciculus (which runs in superior cerebellar peduncle) 
 
Ipsilateral hypometria and contralateral hypermetria of saccades-"contrapulsion" 
 

 
 
Friedreich's ataxia, the most common hereditary ataxia, is autosomal recessive and is usually caused by a GAA repeat expansion in the frataxin gene. The onset of symptoms is usually before 20 years but may be as late as the sixth decade. 
Classically, its distinguishing features include an axonal sensory neuropathy with areflexia, Babinski sign, dysarthria, diabetes, and cardiomyopathy, although genetic testing has expanded the phenotypic range. Reduced VOR gain is 
common, and saccadic intrusions (square-wave jerks) are characteristic. Rarer causes of recessive ataxias include ataxia-telangiectasia, abetalipoproteinemia, and Refsum's disease. Ataxia is a feature of many other inborn metabolic and 
mitochondrial disorders.

Acquired Ataxias

Numerous causes of acquired ataxia are listed in Box 143-6 . Many of these can be suspected or identified based on the history or imaging studies. Selected causes are discussed further.



Paraneoplastic syndromes.

Paraneoplastic neurologic disorders are probably caused by an autoimmune reaction against antigens coexpressed by tumor cells and neurons. The development of anti-Purkinje cell antibodies (PCAs) in patients with undiagnosed and 
otherwise asymptomatic malignancies may result in the syndrome of paraneoplastic cerebellar degeneration (PCD). PCD typically begins fairly abruptly and progresses rapidly through several months, with
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cerebellar-type ocular motor and vestibular abnormalities, dysarthria, and severe appendicular and gait ataxia. Patients may be unable to walk or feed themselves. Many patients are women who are subsequently found to have ovarian or 
breast cancer and are seropositive for PCA-1 (anti-Yo) antibodies.[34] [58] [112] PCD can also occur with small-cell lung cancer and Hodgkin's lymphoma, when it is associated with PCA-2 and ANNA-1 (anti-Hu) antibodies in the former and PCA-
Tr antibodies in the latter.[57] [83] [128] Malignancy should be vigorously sought in a patient with a subacute cerebellar syndrome and especially one who has paraneoplastic antibodies.

 
 

Box 143-6. ACQUIRED CAUSES OF CEREBELLAR ATAXIA [100] 

Congenital 
 
Cerebral palsy 
 
Dandy-Walker malformation 
 
Chiari malformation 
 
Degenerative 
 
Multiple system atrophy (olivopontocerebellar atrophy, Shy-Drager) 
 
Immune-mediated 
 
Paraneoplastic syndromes 
 
Miller-Fisher variant of Guillain-Barré syndrome 
 
Other postviral syndromes (varicella, rubeola) 
 
Multiple sclerosis 
 
Autoimmune ataxia with anti-GAD antibodies 
 
Infectious 
 
Acute viral syndromes 
 
Creutzfeldt-Jakob disease 
 
Meningitis 
 
Whipple's disease 
 
Lyme disease 
 
Behçet's disease 
 
Mass lesion-related 
 
Abscess (bacterial or fungal) 
 
Neoplasm 
 
Sarcoid 
 
Paroxysmal 



 
Epilepsy 
 
Febrile illness 
 
Migraine 
 
Systemic 
 
Endocrine disorder (hypoparathyroid, hypothyroid) 
 
Gastrointestinal disorders (celiac disease, vitamin E malabsorption) 
 
Vasculitis 
 
Toxin- and drug-induced 
 
Alcohol 
 
Mercury, organophosphate insecticides, solvents 
 
Chemotherapy agents, phenytoin, lithium, amiodarone, bismuth intoxication 
 
Traumatic 
 
Immediate injury 
 
Delayed injury 
 
Vascular 
 
Stroke 
 
Vascular malformation 
 
Superficial siderosis 
 

 
 
Opsoclonus, sometimes called saccadomania, refers to the intrusion of back-to-back multidirectional conjugate saccades, usually of large amplitude, without an intersaccadic interval. It is thought to be a result of dysfunction of a special 
class of inhibitory saccade-related neurons within the brainstem called omni pause cells. Opsoclonus is often accompanied by myoclonus, brief jerky involuntary limb movements. Paraneoplastic opsoclonus-myoclonus (POM) occurs in two 
clinical settings. The first is children with neuroblastoma, in whom 2% to 3% develop POM that leads to discovery of the occult neoplasm. The second group is adults with POM. ANNA-2 (anti-Ri) antibodies are associated with POM in 
women with breast and gynecologic cancers. In many adults with POM, however, no occult cancer is found, and in these patients POM probably has an immunologic basis, perhaps related to a preceding infection. Adults with POM 
commonly come to the otolaryngologist with complaints of vertigo before the opsoclonus and ataxia are obvious.

Superficial siderosis.

Superficial siderosis of the CNS is a rare disorder characterized by progressive bilateral sensorineural hearing loss and ataxia caused by recurrent bleeding into the subarachnoid space, in which the vestibulocochlear nerve and cerebellar 
cortex are damaged by accumulation of iron.[65] The diagnosis can be made with MRI ( Figure 143-12 ), although the source of bleeding, often an occult vascular malformation, may be elusive.

Chiari malformation.

Chiari malformations are a group of hindbrain disorders associated with craniocervical junction abnormalities. The mildest and most common type, the Chiari I malformation, is characterized by displacement of deformed cerebellar tonsils 
more than 5 mm caudally through the foramen magnum,[53] most easily visualized on a midline sagittal T1-weighted MRI scan ( Figure 143-13 ). Syringomyelia also occurs in 20% to 70% of cases. Patients may present with constant or slowly 
progressive nonspecific dizziness, or dysequilibrium and gait instability that
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Figure 143-12 Superficial siderosis. Arrow on MRI scan demonstrates hemosiderin deposition over the cerebellar hemispheres. (From Kale and others.[65] ) 



 

Figure 143-13 Magnetic resonance image of a patient with Chiari type I malformation, with cerebellar tonsils (arrow) below foramen magnum. 

 

TABLE 143-4 -- TYPE AND MECHANISM OF DIZZINESS ASSOCIATED WITH COMMONLY USED DRUGS[6]

Drug Type of Dizziness Mechanism

Aminoglycosides, cisplatin, salicylates, chloroquine, loop diuretics Vertigo, dysequilibrium Vestibular hair cell toxicity

Antiepileptics (carbamazepine, phenytoin, primidone, lithium) Dysequilibrium, gaze-evoked and downbeat nystagmus Cerebellar toxicity

Tranquilizers: barbiturates, antihistamines, tricyclic amines Intoxication CNS depression

Antihypertensives, diuretics Near-faint Postural hypotension

Amiodarone Dysequilibrium, downbeat nystagmus Unknown, cerebellar toxicity

Alcohol Intoxication, dysequilibrium, positional vertigo CNS depression, cerebellar toxicity, change in cupula specific gravity

Methotrexate Dysequilibrium Brainstem and cerebellar toxicity
 
refers to the gait accompanying frontal lobe lesions and is common with normal pressure hydrocephalus, multiple lacunar infarcts, or subcortical small vessel disease.[70] [72] [134] Sometimes referred to as gait apraxia because of the difficulty 
initiating movement, the gait is widely based, with an upright posture of the trunk, and short, shuffling steps with normal or exaggerated arm swing, and thus is also sometimes called lower-half parkinsonism.

Medication-Associated Dizziness

A careful history regarding medication use is critical when evaluating patients with dizziness. Except for aminoglycosides and cisplatin, which are toxic to vestibular hair cells, most drugs causing dizziness exert their effects on the CNS 
( Table 143-4 ).

PHYSIOLOGIC DIZZINESS

Physiologic dizziness refers to phenomena that occur in normal subjects as a result of physiologic stimulation of the vestibular, visual, or somatosensory systems. Typically a mismatch among sensory signals causes disorientation, imbalance, 
and vegetative symptoms.



Motion Sickness

Motion sickness is a common form of physiologic dizziness. The main symptoms are dizziness, fatigue, pallor, cold sweats, salivation, and finally nausea and vomiting. It is usually caused by prolonged vestibular stimulation but may also 
occur with visual stimulation. The key symptom of nausea is derived from the Greek word naus for ship. Motion sickness may develop aboard a ship, in a car, on an airplane, or in space. Symptoms are generally worse when subjects
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are not able to visualize the movement, thus creating a visual-vestibular conflict. Relief may be gained on a ship by standing on the deck and focusing on the horizon or land rather than sitting in an enclosed cabin. When riding in a car, riding 
in the back seat or reading would make symptoms worse than sitting in front and looking off in the distance. Susceptibility among individuals varies considerably. Patients with migraine are generally more prone to motion sickness, and 
bouts of motion sickness during childhood may be the first symptom of migraine. Patients with complete bilateral vestibular loss are resistant to motion sickness.

Physical measures may help prevent motion sickness. In the long term, repeated gradual exposure to motion causes protective habituation, which may be the most effective therapeutic measure. Minimizing conflicting sensory inputs by 
restricting unnecessary head movement (such as pressing the head firmly against the headrest of a car) is helpful, as is minimizing any visual-vestibular mismatch as described earlier.

Anti-motion-sickness drugs are aimed at modulating the histaminic, cholinergic, and noradrenergic neurotransmitters that are thought to be important in the neural processes of motion sickness. These drugs work by blocking the emetic 
response, reducing the size of the sensory mismatch by promoting habituation, or blocking conflicting sensory inputs.

Afferent pathways from the labyrinth, chemoreceptor trigger zone in the area postrema at the floor of the fourth ventricle, and gastrointestinal tract all relay emetic signals to a center in the brainstem. Antihistamines prevent motion sickness 
by blocking the H1 receptors in the emetic center. Dimenhydrinate (Dramamine), diphenhydramine (Benadryl), and promethazine (Phenergan) are among the most effective antihistamines but also produce sedation at effective doses. 
Meclizine (Antivert, Bonine) and cyclizine (Marezine) are less effective but produce little sedation. All of these except promethazine are available over the counter. Antihistamines are generally taken orally an hour before motion exposure. 
They are absorbed poorly once vomiting begins. If long-lasting sedation is acceptable, intramuscular or rectal promethazine is quite effective. Other antiemetics such as the D2 receptor antagonists (metoclopramide, domperidone) and 5HT3 
receptor antagonists (ondansetron) have little or no anti-motion-sickness effect.

Scopolamine, an acetylcholine muscarinic receptor antagonist, may work by facilitating habituation to provocative motion and is a good prophylactic agent against motion sickness. It is less useful at controlling established motion sickness. 
The transdermal preparation (Transderm Scop) is applied to the postauricular mastoid region and releases scopolamine gradually for 72 hours. It should be applied 4 hours before the effect is needed and is particularly effective for prolonged 
exposure such as at sea.

Amphetamine and ephedrine are effective antimotion-sickness drugs that probably work by antagonizing sensory mismatch-induced suppression of noradrenergic systems, but their use is limited because of their addictive potential. 
Combining either of them with other anti-motion-sickness drugs has a synergistic effect and reduces the sedating side effects of drugs like scopolamine or antihistamines.

Mal de Debarquement Syndrome

Mal de debarquement (MDD), "sickness of disembarkment," refers to inappropriate sensations of movement after exposure to motion. While this unusual syndrome typically follows a sea voyage, MDD may occur after extended train, air, or 
car travel. The characteristic symptom is a sensation of persistent rocking or swaying of the body without rotational vertigo. Vague dysequilibrium or unsteadiness may also occur. MDD is distinguished from motion sickness because patients 
are mostly symptom-free during the period of motion. While many normal subjects experience similar symptoms of "land sickness" for up to 48 hours after exposure to prolonged motion, most define MDD as a syndrome persisting for at 
least a month. During symptomatic periods, patients typically report improvement while in a moving vehicle or while walking that worsens again when they stop moving. MDD affects predominantly women, with a mean age of onset in the 
40s. Symptoms may last for months to years. Some have hypothesized that MDD is caused by a multisensorimotor adaptation and habituation to a new or abnormal motion environment.[50] A survey by Hain, Hanna, and Rheinberger suggests 
that benzodiazepines such as clonazepam or diazepam or amitriptyline may have positive effects, but meclizine and scopolamine were ineffective.[55] Vestibular rehabilitation and avoiding prolonged exposure to rocking motion may also help.

PSYCHOPHYSIOLOGIC AND PSYCHOGENIC DIZZINESS

An important relationship exists between vestibular and psychiatric disease. Primary vestibular disorders can induce secondary psychiatric symptoms, just as vestibular symptoms can be the manifestation of primary psychiatric disease. Many 
patients with vestibular dysfunction attributed to an organic cause can develop subsequent depression, anxiety, and vegetative symptoms that need to be treated together with their vestibular disorder. Conversely, vertigo is a frequent 
symptom of psychiatric illness, particularly with anxiety, depression, and personality disorders.[4] Clark and others[27] performed psychiatric evaluations
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on 72 neurootologic patients with balance complaints and found that 36% had one or more psychiatric diagnoses, of whom one-third also had vestibular dysfunction. Conversely, 54% of the patients had a vestibular disorder, of which 29% 
also had a psychiatric disorder.

Psychophysiologic Dizziness and Phobic Postural Vertigo

Psychophysiologic dizziness refers to a combination of symptoms attributed to abnormal integration of sensory information that is used for balance and orientation. Patients may report floating, rocking, or swimming sensations, giddiness, 
internal spinning "inside of their head," or a feeling of being removed from their body. Symptoms may be continuous or intermittent and may worsen with stress or fatigue. Activities such as walking on a brightly polished or highly patterned 
floor or down a supermarket aisle, driving on a busy freeway, seeing films or television shows in which there is considerable motion, or shopping in a crowded store may provoke symptoms. Psychophysiologic dizziness may develop after 
transient or sustained labyrinthine dysfunction. For example, after recovery or compensation from an acute peripheral lesion of vestibular neuritis, patients may develop a more indefinite chronic dizziness with subjective postural imbalance 
or spells of vertigo during active body movements, associated with anxiety and behavioral change.[19] 

Phobic postural vertigo (PPV) is a distinct syndrome in which psychophysiologic dizziness is a central symptom and patients are obsessively preoccupied with their chronic balance symptoms. Brandt described six characteristic features [21] : 



• Dizziness and subjective disturbance of balance while standing or walking despite normal clinical balance tests.
• Fluctuating unsteadiness in episodes lasting seconds to minutes or momentary perceptions of illusory body perturbations.
• Although the attacks can occur spontaneously, a perceptual stimulus is usually present (bridge, staircase, empty room, street) or social situation (department store, restaurant, concert, crowd) from which the patients have difficulty 
withdrawing and which they recognize as a provoking factor. These patients have a tendency to develop rapid conditioning, generalization, and avoidance behavior.
• Anxiety and distressing vegetative symptoms occur during or after vertigo. Most patients have attacks both with and without anxiety.
• Obsessive-compulsive type personality, labile affect, mild depression are often present.
• Onset of the condition frequently follows a period of particular emotional stress, after a serious illness, or after an organic vestibular disorder.

PPV can be distinguished from panic disorder or agoraphobia. The key to diagnosis is the predominance of the subjective postural imbalance without falls, which is not always associated with anxiety.

The mechanism of psychophysiologic dizziness is not known. Under normal circumstances people are not aware of subtle self-generated bodily fluctuations or involuntary head movements, and the environment appears stationary during 
active movements, creating a sense of "space constancy." It has been proposed that patients' descriptions of involuntary bodily fluctuations and of the perception of head movements as disturbing external perturbations can be explained by a 
transient mismatch between anticipated and actual movement, as a result of a decoupling of the sensations accompanying a movement and the efference copy of that movement.[20] It seems likely that some patients are simply more focused on 
physiologic sensations than most people. In others, such as those with panic disorders, an inappropriate release of neurotransmitters in the brain may lead to symptoms like those of a vestibular disorder.

Psychogenic Dizziness

Anxiety and depression are common in dizziness clinics. Clinicians should ask about and explore any symptoms of anxiety and depression, as patients often perceive them (sometimes rightly so) as a reaction to rather than the cause of the 
disease. Experience is needed to differentiate the degree to which organic and psychiatric disease contribute to the patient's symptoms. Brandt suggests clinical characteristics that should lead one to suspect psychogenic vertigo include[20] : 

• Certain stimuli or social events are the main causes.
• A clear dissociation exists between objective and subjective dysequilibrium.
• Complaints of a distinct rotational vertigo while being examined even though no spontaneous nystagmus is detected under Frenzel glasses.
• Inappropriately excessive anxiety or fear of impending death.

Unusual features of psychogenic vertigo are: 

• Nausea and emesis, which are typically associated with acute peripheral labyrinthine and vestibular nuclei lesions.
• Rotational vertigo with direction-specific falls.
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Patients should not be labeled as "psychogenic" simply because their dizziness is replicated by hyperventilation, is preceded by psychiatric symptoms, or takes place in anxious or phobic individuals. Jacob, Furman, and Balaban propose a 
more restrictive definition of psychogenic dizziness: (1) the dizziness occurs exclusively in combination with other symptoms as part of a recognized psychiatric symptom cluster; and (2) this symptom cluster is not itself related to vestibular 
dysfunction.[63] This way, psychiatric problems (e.g., anxiety or panic disorder) and organic vestibular problems (e.g., BPPV or vestibular migraine) receive simultaneous attention.

Anxiety Disorders

An anxiety disorder can be more safely diagnosed if the patient has panic attacks that occur without cue or significant avoidance behaviors. Of the 11 anxiety disorders defined in the DSM-IV,[4] panic disorder is most commonly associated 
with vestibular symptoms.[26] [114] [118] [122] Panic attacks are characterized by the abrupt onset of fear (of dying or losing control), autonomic symptoms (palpitations, sweating, nausea), and hyperventilation symptoms (shortness of breath, dizziness, 
faintness, depersonalization, chest pressure, paresthesias). Panic attacks occur with no cue if they occur spontaneously without a situational trigger and occur cued if they occur when a phobic patient is exposed to a feared situation. A 
diagnosis of panic disorder requires two or more panic attacks that occur with no cue, with subsequent worry of future attacks, or change in behavior because of attacks. Panic disorder with agoraphobia is diagnosed when the patient meets 
criteria for panic disorder and avoids, or endures with much distress, situations from which escape would be difficult in case of panic attacks. Generalized anxiety disorder produces dizziness characterized by vague sensations of floating or 
giddiness along with fatigue that bothers patients the most when sitting alone and ruminating about their problem. Symptoms may vary from day to day and last for years.

Depressive Disorders

Depression is common among dizzy patients and may represent the consequence of the restrictions in lifestyle from a chronic vestibular disorder or a primary problem causing psychogenic dizziness. With the risk of suicide and the great 
potential benefits from psychiatric treatment, physicians must recognize depression and refer patients for appropriate treatment.

Treatment of Psychophysiologic and Psychogenic Dizziness

Dizziness is more of a problem in patients who also have a psychiatric disorder,[28] and thus, any psychiatric disorders should be aggressively managed in conjunction with the vestibular disorder. Phobic postural vertigo can be managed by 
reassuring patients they have no serious occult neurologic disease, and explaining to them the mechanism that causes and the factors that provoke attacks. Patients should engage in regular physical activity and avoid dwelling on the 
symptoms too much. Self-controlled "desensitization" within the context of behavioral therapy is accomplished by repeated exposure to situations that evoke the patient's vertigo.[19] In a long-term follow-up study of 78 patients with PPV, 72% 
were either symptom free or considerably improved despite only short-term suggestive and behavioral therapy of one to three sessions. The improvement generally occurred shortly after initiating therapy. In contrast, only 52% of patients 
with psychogenic gait and balance disorders improved. No controlled studies have compared different treatment regimens.

Anxiety disorders can be treated with medications, behavioral treatments, or both.[63] For panic disorder, imipramine, monoamine oxidase inhibitors, and selective serotonin-reuptake inhibitors (SSRIs) are the medications of choice. 
Generalized anxiety disorder can be treated with antidepressants, benzodiazepines, or buspirone. The presence of phobic avoidance or compulsive behaviors indicates a need for behavioral treatment, which may include exposure to feared 



situations, cognitive restructuring, and relaxation therapy. Treatment of depression consists of antidepressants and psychotherapy. Staab and others demonstrated that SSRIs can alleviate symptoms of dizziness in patients with major or minor 
anxiety disorders and major depression, whether these psychiatric conditions are the sole causes of patients' complaints or coexist with certain medical illnesses.[117] SSRIs may also be helpful for patients who experience chronic sensations of 
dysequilibrium alone.

PRESYNCOPAL DIZZINESS

Faintness or presyncope refers to the lightheaded sensation that occurs just before fainting or losing consciousness. The absence of an illusion of motion distinguishes it from vertigo. Giddiness, generalized weakness, and pallor may 
accompany it. Symptoms may be spontaneous, positional, or have specific triggers depending on the cause. The mechanism is almost always a reduction in blood flow to the entire brain. If blood flow is further reduced, syncope may ensue. 
Under unusual circumstances, focal carotid or vertebrobasilar stenosis or occlusion can cause presyncope or syncope. Presyncope is most commonly attributed to cardiac causes, orthostatic hypotension, vasodepressor effect, or 
hyperventilation, but the otolaryngologist may be asked to evaluate such patients when the cause is not clear.
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Any cause of reduced cardiac output can lead to presyncopal dizziness, including arrhythmias, outflow obstruction, constrictive pericarditis, or cardiomyopathy. Symptoms may be associated with exertion, palpitations, or chest pain, and are 
less likely to be positional. Orthostatic hypotension resulting in presyncopal dizziness occurs when autonomic factors that compensate for upright posture are inadequate to maintain blood pressure and cerebral perfusion. Hypovolemia from 
dehydration or blood loss may lead to faintness and weakness when standing upright. Autonomic nervous system dysfunction may also cause orthostatic hypotension without a compensatory rise in pulse rate. This may occur in diseases such 
as MSA (as discussed earlier in the section on extrapyramidal disorders), diabetes mellitus, amyloidosis, and others, as well as from many medications, particularly diuretics, antihypertensives, and levodopa. Vasodepressor or vasovagal 
syncope is the most common cause of syncope. Nausea and sweating are followed by lightheadedness, dimming of vision, and pallor. Symptoms are often situational and provoked by emotional stress, hunger, heat, acute pain, or prolonged 
standing. Probably afferent signals from arteriovascular mechanoreceptors lead to a parasympathetic reflex bradycardia and vasodilation of vascular beds, with resulting hypotension. Frank syncope can usually be avoided by quickly lying 
down. Hyperventilation is a common cause of dizziness in anxious young people and produces symptoms such as lightheadedness, giddiness, perioral and acral paresthesias, and feelings of suffocation. Symptoms may be related to the rapid 
drop in PCO2 and resulting cerebral vasoconstriction. Reproducing the symptoms by voluntary hyperventilation can assist diagnosis, but hyperventilation may provoke symptoms from peripheral or central vestibular disorders as well. 
Hypoglycemia can cause lighteadedness, lethargy, confusion, and shakiness and usually occurs as a complication of insulin or sulfonylurea treatment in diabetics.

The history and examination are the most important parts of the evaluation for suspected presyncope. All patients should have their pulse and blood pressure checked both supine and standing to look for both an orthostatic blood pressure 
drop and for any arrhythmias. Cardiac auscultation helps screen for outflow obstruction or cardiomyopathy. Confirmatory tests for presyncopal causes may include a resting electrocardiogram, prolonged Holter monitoring, tilt table test, 
echocardiogram, blood glucose, or hematocrit.
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Chapter 144 - SURGERY FOR VESTIBULAR DISORDERS

Steven A. Telian 

INTRODUCTION

The otolaryngologist is frequently asked to evaluate a patient with intense vertigo or severe balance disturbance who has tried multiple medical treatments without success. Those who consider themselves disabled by their symptoms are 
often desperate for relief. Although it is proper to consider surgical treatment in this setting, the physician should recognize that an unsuccessful surgical intervention might greatly aggravate the patient's discouragement with their disease and 
potentially alienate them from the surgeon and the medical profession generally. Recognizing the vulnerability of this patient population, the astute clinician seeks to guide the patient toward rational and effective surgical options when 
available and to shelter them from invalidated medical or surgical treatments. This chapter will review the various surgical procedures that are available for the management of vestibular disorders, with an emphasis on principles that allow 
the clinician to understand the proper role and limitations of each procedure. It is expected that application of these principles will assist in patient selection and result in satisfactory outcomes in a high percentage of surgical procedures 
performed for dizziness and balance disturbances.

RATIONALE FOR SURGERY

When vertigo results from acute disturbances of the peripheral vestibular system (labyrinthine or vestibular nerve), the patient will initially experience intense symptoms that gradually subside. If the lesion is self-limited and stable (e.g., 
acute viral labyrinthitis), it will not produce fluctuating or progressive dysfunction in the system. In this setting, the process of central vestibular compensation will reliably relieve dizziness in most patients by adjusting to the altered sensory 
inputs from the periphery. This is true unless some adverse factor prevents compensation or causes decompensation at a later date. Similarly, ongoing vestibular compensation can minimize symptoms of vestibular loss from lesions that 
produce an insidious progressive deterioration, such as vestibular schwannoma. However, if the lesion is unstable from day to day or rapidly progressive in nature, central compensation is not possible, unless the ear can be stabilized by 
medical or surgical management. Ménière's disease is the prototypical disorder in this category, wherein the ear fluctuates between normal labyrinthine function and dramatic cochleovestibular pathology. Vestibular system surgery is most 
likely to succeed when it is undertaken to stabilize an unstable inner ear, either by correcting a defect that underlies the disorder or by ablating function in the pathologic ear. It is less likely to be successful when the labyrinthine lesion is 
stable, but the patient is unable to compensate centrally.

Certain surgical procedures are applicable only for a particular diagnosis. Some of these operations are widely accepted as rational and effective, such as posterior semicircular canal occlusion for those with intractable benign paroxysmal 
positional vertigo. Other disease-specific operations, such as endolymphatic sac surgery for Ménière's disease, repair of perilymph fistula, and microvascular decompression of the eighth nerve, continue to generate controversy. Some have 
enthusiastically embraced and promoted such procedures, whereas others have minimized their value or abandoned them altogether. All the operations in this group have as their unifying feature the desirable goal of correcting a pathologic 
process that is unique to the particular diagnosis while preserving or restoring inner ear function. Success in this setting obviously hinges on making an exact diagnosis and selecting operations with proven efficacy.

However, certain procedures are designed to ablate unilateral vestibular function and may be applied successfully in the management of any peripheral vestibular disorder. Operations such as labyrinthectomy and vestibular nerve section fall 
into this category. In this setting, an exact etiologic diagnosis is less critical. Instead, the physician should be certain that
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the problem is attributable to ongoing fluctuant or rapidly progressive labyrinthine dysfunction and that the pathologic ear has been correctly identified. However, if the ongoing symptoms are a result of poor central vestibular compensation 
or late decompensation after an isolated peripheral vestibular insult, ablative surgery is unlikely to be particularly effective.

PROCEDURES FOR BENIGN PAROXYSMAL POSITIONAL VERTIGO

Benign paroxysmal positional vertigo (BPPV) is a disorder that generally affects the posterior semicircular canal. Classical BPPV is diagnosed by observing the stereotypical nystagmus during the Hallpike maneuver. After rapidly 
positioning the head from the sitting to supine position with the suspect ear down, the clinician should observe a brief latent period, and then rotary nystagmus develops with a horizontal fast component that beats toward the dependent ear. 
There is a crescendo-decrescendo pattern, after which the nystagmus passes and the vertigo subsides within 30 seconds. If the maneuver is repeated, the response fatigues. Benign paroxysmal positional vertigo seems to be caused by 
displaced otoconial debris within the membranous labyrinth. The original pathogenic hypothesis proposed that otoconial debris became lodged within the ampulla of the posterior semicircular canal (cupulolithiasis), rendering it sensitive to 
gravity. As early as the 1970s, McCabe and Ryu[40] objected to this prevailing theory on a theoretical basis, stating that the biomechanics of cupular function would not produce the nystagmus pattern that was repeatedly observed clinically in 
patients with BPPV. More recently, evidence has accumulated to support the concept of otoconia floating freely in the membranous canal (canalithiasis). [10] [48] [75] This particulate matter within the posterior semicircular canal is proposed to 
cause a transient flow of endolymph after a change in head position, producing a deviation of the posterior canal cupula and triggering a change in the neural firing rate of the inferior vestibular nerve. The brain perceives this as rotation in the 
plane of the posterior semicircular canal, with resulting vertigo and nystagmus. This theory is not only appealing on the basis of the favorable results of the posterior canal occlusion procedure, but it nicely satisfies the conceptual framework 
for the biomechanics of BPPV. Although the phenomenon of cupulolithiasis may result in vestibular symptoms, this entity probably occurs less frequently. In addition, variations of this condition affecting the other semicircular canals have 
now been recognized.

Nonsurgical Options

Before considering surgical procedures for BPPV, it should be recognized that this condition has a high rate of spontaneous resolution and also is highly responsive to management with physical therapy interventions. Surgery is rarely 
required and should be reserved for only the most refractory or multiply recurrent cases. Nonsurgical management options[69] include traditional habituation exercises, Brandt-Daroff exercises, the liberatory maneuver of Semont, and the 
particle-repositioning techniques popularized by Epley and Parnes. A detailed discussion of these management options is provided in Chapter 142 .



The otologist also should be alert to horizontal and superior semicircular canal variants of this condition, which produce nonclassical positional nystagmus. Interestingly, the particle-repositioning maneuver used for posterior canal disease is 
effective for the superior semicircular canal variant. Treatment of the horizontal canal variant must be different considering the geometry of the involved canal. It should be obvious that any surgical procedure directed toward the posterior 
semicircular canal would not succeed if a different canal is involved.

Singular Neurectomy

Gacek[13] has promoted the singular neurectomy procedure for BPPV, which involves selective transection of the branch of the inferior vestibular nerve innervating the posterior semicircular canal. The nerve is interrupted within the singular 
canal, which travels from the posterior portion of the internal auditory canal to the posterior canal ampulla ( Figure 144-1 ). This procedure is a highly rational choice for management of intractable BPPV, because it is safer and more specific 
than a complete section of the vestibular nerve. However, this procedure is demanding technically and should not be undertaken unless the surgeon has mastered the approach in the temporal bone dissection laboratory. A tympanomeatal flap 
is elevated by use of a transcanal approach, and the lip of the round window niche is removed to visualize the round window membrane itself. One approaches the singular canal by drilling inferior to the round window. Ideally, the nerve is 
encountered and transected just before its point of entry into the ampulla. The ampulla itself and the vestibule are at risk during the procedure, and injury of either structure may result in severe vertigo and sensorineural hearing loss. One 
study that used computer reconstructions of human temporal bones suggested that the nerve measures approximately 5 mm in length and is best accessed by drilling about 0.7 mm posteroinferiorly to the posteromedial margin of the round 
window membrane after saucerizing the niche.[68] This study also found that whereas the average depth of the nerve was 1.5 mm, the posterior canal ampulla, the cochlear aqueduct, and the inferior cochlear vein were all

3292

 
Figure 144-1 Singular neurectomy. After exposure of round window membrane (RWM), singular nerve is exposed inferior to posterosuperior portion of RWM. Three variations in location of nerve are illustrated in the vertical section taken 
along the broken line. 

 

Figure 144-2 Posterior semicircular canal occlusion. After transmastoid exposure of the posterior semicircular canal, the bony lumen is opened and obstructed, with care to avoid disrupting the collapsed membranous canal (inset). HC, Dome 
of horizontal semicircular canal; PC, posterior semicircular canal with fenestration. 

 

Figure 144-3 Cochleosacculotomy. Bony overhang of round window niche is removed to allow insertion of 4-mm, right-angled hook through osseous spiral lamina of basal end of cochlea. Penetration of tip of hook can be monitored by 
movement of stapes footplate. RWM, Round window membrane. 



 

Figure 144-4 Endolymphatic sac surgery. Endolymphatic sac exposed by transmastoid approach and incised. HC, Dome of horizontal semicircular canal; PC, posterior semicircular canal. Endolymphatic sac-mastoid shunt involves placing a 
piece of Silastic sheeting or shunt valve into the lumen of the sac. Endolymphatic sac-subarachnoid shunt requires penetration of deep layer of sac lumen (posterior fossa dura) into the subarachnoid space. 

 

TABLE 144-1 -- UNIVERSITY OF MICHIGAN TREATMENT RESULTS IN UNCOMPENSATED VESTIBULAR NEURITIS

 Vestibular Nerve Section (n = 16) Vestibular Rehabilitation (n = 59)

Complete improvement •0% 25%

Dramatic improvement 25% 47%

Mild improvement 45% 13%

No improvement 25% 15%

Worse •5% •0%
 
the availability of vestibular rehabilitation programs, surgery to ablate vestibular function was offered to any patient whose vestibular injuries were clearly peripheral in nature and could be lateralized to one ear. However, it was subsequently 
demonstrated that the results of vestibular rehabilitation are markedly superior to vestibular nerve section for the control of symptoms caused by uncompensated vestibular neuritis ( Table 144-1 ). Thus, surgery is rarely recommended for this 
indication today. If surgery is undertaken as a last resort for the patient with an uncompensated lesion, the surgeon and the patient should be aware that the prognosis for success is dramatically lower than that for disorders characterized by 
fluctuations in labyrinthine function. In the future, advancements in vestibular rehabilitation methods or specific neuropharmaceuticals geared toward enhancing compensation may prove to be more effective and will perhaps replace surgery 
altogether for patients with incomplete vestibular compensation.

The methods available to help a clinician distinguish uncompensated patients with a stable vestibular lesion from those with unstable labyrinthine pathology include recognition of key features in the clinical history, the use of vestibular 
testing, and, when appropriate, the use of a therapeutic trial of vestibular rehabilitation.

Distinctions in the Clinical History

It is often argued that a complete neurotologic history is the most important component in the diagnostic evaluation of the patient with a balance disorder. This also is true in the assessment of the patient's compensation status. Certain clues 
in the history suggest the patient has incomplete compensation despite the fact that the vestibular lesion is stable. If the patient describes a severe vestibular crisis at onset without equally intense symptoms on any occasion since that time, an 
uncompensated lesion is more likely, and the patient is best treated with vestibular rehabilitation. This is particularly true if the current symptoms are
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characterized as a continuous unsteadiness or as mild motion-provoked vertigo after recovery from the severe crisis. However, if the current spells are just as severe or more severe than the initial insult, an unstable or progressive vestibular 
lesion is strongly suggested. Such a patient is best treated with medical or surgical measures designed to stabilize labyrinthine function, once the possibility of central pathology has been eliminated.

The documentation of fluctuating or progressive sensorineural hearing loss also provides a strong indication of unstable inner ear function. Sometimes the patient is uncertain about the nature of an associated hearing loss. A review of serial 
audiograms may be helpful in this setting. Occasionally, it is desirable to obtain an audiogram during an episode of vertigo to determine whether subtle changes in auditory function are occurring that may be imperceptible to the patient.

The Role of Vestibular Testing

The purpose of balance function testing encompasses three major goals. The most traditional is site-of-lesion localization. Second, if posturography is available, an assessment of the patient's ability to use available sensory input systems in 



an integrated fashion may be completed. A third goal is to evaluate the level of vestibular compensation for a labyrinthine problem.

Clinically significant spontaneous nystagmus, positional nystagmus, or a directional preponderance on the electronystagmogram (ENG) provides evidence for failure of physiologic compensation in the vestibuloocular reflex (VOR). 
Rotational chair testing provides additional information about the VOR that cannot be obtained from the ENG. In general, although abnormalities in the timing (phase lead) or amplitude (gain) of the eye movements produced by the VOR in 
response to head acceleration provide evidence for peripheral vestibular dysfunction, they do not address the issue of compensation within the central system. However, persistent asymmetry (bias) in the slow-phase eye velocity responses 
produced by rightward vs leftward rotation strongly suggests that the peripheral lesion is physiologically uncompensated. For head rotation toward the paretic side, the maximum eye velocity induced by the VOR is reduced from normal. 
This fact results in asymmetry of the VOR gain observed for rightward and leftward rotations. This asymmetry often resolves as the compensation process proceeds, at least in the subphysiologic range tested by conventional rotational chair 
technology. The asymmetry may persist even in well-compensated patients when testing is performed above frequencies of 1 Hz. The nature of rotational stimuli also allows for testing of visual-vestibular interactions, such as enhancement or 
suppression of the VOR. This may assist in evaluating the status of the central vestibuloocular pathways. Abnormalities in these measures may help to explain an observed lack of central compensation.

Dynamic posturography provides adjunctive functional information about the balance system. Sometimes a patient who is seen with major complaints related to the vestibular system will have normal findings on ENG and rotational chair 
testing. Posturography may help to demonstrate that there continues to be functional impairment despite relatively normal physiologic responses (as measured by the other studies) in both inner ears. By measuring the degree of postural sway 
under several test conditions, this test may document that the patient is unable to make proper use of sensory inputs from the visual, vestibular, and somatosensory systems for maintaining stable stance, suggesting incomplete or maladaptive 
compensation for their previous vestibular lesion. It also may demonstrate sensory preference abnormalities, in which the incorrect conflicting sensory cues are selected preferentially and destabilize the patient. Such information is helpful in 
counseling the patient and in design of rehabilitation programs.

In summary, a complete battery of vestibular testing may be helpful in assessing compensation status or in explaining poor compensation by identifying pathology in the central nervous system. The specific vestibular test results that may be 
helpful in these distinctions are summarized in Box 144-1 .

Therapeutic Trial of Vestibular Rehabilitation

Ultimately, even with the best clinical history and vestibular test capabilities, the clinician often is faced with diagnostic uncertainty when treating patients with dizziness. For an extreme example, consider the patient with a head injury, who 
may have a mix of spontaneous and motion-provoked symptoms and evidence of central and peripheral vestibular dysfunction. There may also be chronic headache, impairment of cognitive function, and reactive depression. In these 
situations, it may be difficult or impossible to identify the primary cause of ongoing disability. In settings of diagnostic uncertainty, a program of supervised vestibular rehabilitation may be helpful from a diagnostic standpoint.[69] The patient 
may make outstanding progress, suggesting that the primary problem was poor compensation for a stable lesion in the vestibular system. There may be continued spontaneous spells with improvement of the functional baseline between 
spells. If the patient fails to improve or seems to be worse after 4 to 6 weeks of therapy, an unstable lesion of the labyrinth is considerably more likely. Such an
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outcome may provide additional credibility to a clinical diagnosis, such as posttraumatic endolymphatic hydrops or perilymph fistula.

 
 

Box 144-1. CLINICAL USEFULNESS OF VESTIBULAR TEST RESULTS

Evidence for peripheral labyrinthine dysfunction 
 
Unilateral caloric weakness 
 
Spontaneous or positional nystagmus with normal oculomotor findings 
 
Classical nystagmus after Hallpike maneuver 
 
Rotational chair phase or asymmetry 
 
Evidence for uncompensated status 
 
Persistent spontaneous or positional nystagmus 
 
Rotational chair asymmetry 
 
Abnormalities on sensory organization posturography test 
 
Explanations for poor compensation caused by central nervous system pathology 
 
Vertical or perverted nystagmus 
 
Oculomotor test abnormalities on electronystagmogram battery 
 
Failure of visual suppression of nystagmus 
 



Failure of visual enhancement of nystagmus 
 
Abnormalities on motor coordination test without musculoskeletal disorder 
 
Evidence for improved compensation status after treatment 
 
Resolution of nystagmus 
 
Resolution of rotational chair asymmetry 
 
Improved performance on posturography 
 

 
 
Identification of the Offending Labyrinth

If there is uncertainty regarding the ear that is causing vertigo, ablative surgery should not be considered. Reliable lateralizing features include fluctuating or progressive unilateral sensorineural hearing loss and a consistently reproducible 
unilateral reduction of responsiveness to caloric irrigations. The asymmetric hearing loss in one ear is the best indicator of the abnormal side.[61] An extended duration of preexisting hearing loss need not dissuade the physician from 
incriminating the involved ear as the cause of vertigo.[30] [45] To illustrate the importance of this point, one study demonstrated 100% relief of vertigo in 13 patients with delayed-onset endolymphatic hydrops beginning up to 60 years after the 
onset of hearing loss.[36] Less-reliable features include tinnitus, aural fullness, direction of observed spontaneous or positional nystagmus, and rotary chair asymmetries. These latter findings are best used only as confirmatory evidence when 
more convincing features are present. Although audiologic and vestibular test results usually are reliable in determining the involved ear, they always should be interpreted in light of the entire clinical presentation to avoid a serious error in 
diagnosis. For example, if there is a significant unilateral sensorineural hearing loss and if the ENG shows a unilateral vestibular weakness on the same side, the clinician can be confident that the suspect labyrinth is pathologic. However, if 
the patient reports that roaring tinnitus or fluctuations of hearing in the better ear are associated with the spells of vertigo, it is likely that the second ear has become involved. In this case, surgery would be ill advised.

Identification of Intracranial Pathology

Acoustic neuroma and other lesions of the posterior fossa may present with clinical features indistinguishable from classical vertigo syndromes. [8] Therefore, it is appropriate to perform a definitive radiographic imaging study before 
undertaking vestibular surgery of any type. Magnetic resonance imaging (MRI) of the posterior fossa with gadolinium enhancement provides a reliable means of detecting tumors of any size, the early stages of demyelinating disease, and 
subtle ischemic lesions of the brainstem. Even when results of the MRI are normal, vestibular test findings that suggest central abnormality should be recognized and evaluated before considering vestibular surgery. Worrisome findings on 
the ENG include vertical or perverted nystagmus and any oculomotor abnormalities. These include increased saccade latencies, decreased saccade velocities, and saccadic pursuit tracking that is worse than expected for the patient's age. 
Potential central findings also include failure of visual suppression or visual enhancement of nystagmus in the rotary chair battery, or dramatic abnormalities on the motor coordination test during dynamic posturography.

Consideration of Other Potential Treatments

Although labyrinthectomy and vestibular nerve section may be applied in any peripheral vestibular disorder, certain patients may be effectively treated by simpler procedures. Cases of classical benign paroxysmal positional vertigo that fail 
other treatment options are best addressed surgically by procedures designed to selectively disrupt posterior semicircular canal function. In cases in which the history might suggest a perilymph fistula, it is reasonable to perform an 
exploratory tympanotomy before undertaking an ablative procedure. One exception to this rule may be the patient with longstanding symptoms who already has a profound sensorineural hearing loss on the suspect side. In such cases, it may 
be preferable to proceed directly to labyrinthectomy.

In recent years, the use of transtympanically injected aminoglycosides for chemical ablation of
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labyrinthine function has been popularized.[2] [44] [46] This treatment shows promise for the management of Ménière's disease, especially in those patients who would be poor surgical candidates.

Brackmann and others[5] undertook 25 microvascular decompression procedures in 20 patients over one decade. They limited this procedure to those patients who did not have episodic vertigo but rather "motion-induced dizziness while the 
patient is in motion ... not relieved by vestibular rehabilitation, exercises, or conventional medications." The diagnosis was pursued when these symptoms were associated with radiographic suspicion of a vessel loop impinging the eighth 
cranial nerve. They reported significant reductions in vertigo in 80% of patients. This procedure offers the potential to reduce vestibular symptoms without destruction of vestibular function, assuming proper selection of patients.

Minor[43] has recently described the syndrome of superior semicircular canal dehiscence. This syndrome seems to produce chronic dysequilibrium in most patients, accompanied by unusual vertigo and/or oscillopsia in response to loud sound 
or any stimuli that result in increased intracranial pressure. Eye movements are seen in response to these stimuli that are characteristic of superior semicircular canal stimulation, specifically torsional downward deviation. In such cases, high-
resolution CT of the temporal bone should be undertaken in an effort to visualize a potential dehiscence of the canal at the dural interface in the floor of the middle cranial fossa. Evidence is mounting that surgical canal plugging or simple 
repair of the defect will resolve the symptoms.

Determination of the Usefulness of Residual Hearing

Generally, labyrinthectomy is reserved for patients with extremely poor residual hearing in the involved ear. Rather than setting a specific hearing threshold or speech discrimination score as the criterion for suggesting a vestibular nerve 
section instead of a labyrinthectomy, most surgeons prefer to consider each case on an individual basis. Ultimately, to desire hearing preservation, the patient should appreciate that the residual hearing in the diseased ear has some potential 
future value. The patient's perception of the usefulness of his or her current residual hearing is the most important factor. Some patients swear that they receive benefit from hearing aid use in ears that the medical community would deem 
useless compared with the better ear. Others fail to recognize any functional use from an ear that should provide some benefit if amplified. Clearly, such perceptions should influence the choice of surgical procedure. Other factors that 
influence this decision are the patient's age, health status, and the likelihood that the hearing loss will progress to profound deafness in the near future, even if hearing is initially preserved. Some authors argue that labyrinthectomy should 



never be performed if there is any residual hearing, fearing the unlikely scenario that the better ear would develop a hearing loss that is greater than the current loss in the diseased ear. If this rare outcome should occur, a cochlear implant in 
the most recently deafened ear would almost certainly rehabilitate the patient successfully. Insisting on the preservation of minimal residual hearing in a functionally useless poorer ear is too dogmatic to be practical, especially when the 
additional risks of vestibular nerve section, such as intracranial hemorrhage, meningitis, and cerebrospinal fluid leak, are considered. Beyond this, there is mounting evidence that even preserved hearing will often continue to deteriorate and 
eventually provide no benefit for the patient.[9] [71] 

ABLATIVE PROCEDURES FOR THE CONTROL OF VERTIGO

Selection of the Surgical Procedure

Surgery for vertigo is virtually always elective. A well-informed patient can and should participate meaningfully in surgical decision making regarding timing of surgery and the operation to be performed. Patients should decide when their 
vertigo has produced sufficient disability in their lifestyle to outweigh the consequences and risks of surgery. A patient who has come to this decision without coercion by family or the physician is most prepared to face the surgery and 
recovery phase with a positive outlook. It is appropriate to perform a labyrinthectomy instead of a selective vestibular nerve section if the contralateral ear is stable, if the patient is convinced that the involved ear is functionally useless, and if 
he or she is unwilling to accept the incremental risks of intracranial surgery. A vestibular neurectomy is appropriate when hearing in the involved ear is deemed useful by the clinician and the patient, especially when the hearing in the 
involved ear is unlikely to deteriorate in the near future. However, because the cochlear efferent fibers travel with the vestibular nerve, one must recognize that a vestibular neurectomy may contribute to undesirable hearing symptoms 
experienced by patients with Ménière's disease. Evidence suggests that sound intolerance and reduced speech discrimination in noise may be evident, even if the pure-tone detection and discrimination scores in quiet are unchanged.[76] 

Labyrinthectomy

Labyrinthectomy may be performed when persistent or recurrent labyrinthine symptoms of any etiology are attributed to an ear that has a severe-to-profound
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sensorineural hearing loss. All residual hearing sensitivity is sacrificed by this procedure. The operation may be undertaken by a transcanal or transmastoid approach. The transcanal labyrinthectomy, also known as oval window 
labyrinthectomy, retains some popularity. It can be performed quickly by approaching the inner ear through the external auditory canal, although complete ablation of vestibular neuroepithelium is less reliably accomplished.[54] The procedure 
begins by elevating a tympanomeatal flap to enter the middle ear and then accessing the vestibule of the bony labyrinth by removing the stapes from the oval window. Some surgeons advocate removing bone from the promontory below the 
oval window toward the round window to improve visualization of the vestibule ( Figure 144-5, A ). The saccule and utricle are identified and removed. An attempt is made to reach and remove the ampullae of the horizontal and superior 
semicircular canals, although this requires blind manipulation with a long right-angled instrument medial to the facial nerve. Augmenting this procedure 

 
Figure 144-5 Transcanal labyrinthectomy. A, Removal of promontory bone provides wide exposure of vestibule. B, Long (1-cm) right-angled hook is used to extract utricle from the elliptical recess on the roof of the vestibule. Singular canal 
has been opened and the nerve to the posterior canal ampulla divided. RWM, Round window membrane. 

 

Figure 144-6 Transmastoid labyrinthectomy (left ear). Exposure of the ampullated ends of all three semicircular canals and the vestibule is accomplished, and all neuroepithelium is removed under direct vision. Care is taken to skeletonize 
but not expose the facial nerve. SC, Semicircular canal; PC, posterior semicircular canal. 



 

Figure 144-7 Transmastoid vestibular nerve transection. A, Nerves of internal auditory canal are exposed in mastoid cavity. B, Traction on transected end of superior division of the vestibular nerve (SVN) permits exposure of inferior 
division of the vestibular nerve (IVN). C, Transection of the nerve trunk proximal to vestibular ganglion (VG) completes excision of vestibular neurons. AICA, Anterior inferior cerebellar artery; VN, vestibular nerve. 

 

Figure 144-8 Transcochlear vestibular nerve transection. Medial wall of vestibule and lateral cochlear wall are removed to expose distal end of internal auditory canal (IAC). Cochlear and vestibular nerve branches are transected at their 
distal ends. SVN and IVN, Superior and inferior divisions of vestibular nerve, respectively; Tym, tympanic segment of cranial nerve VII. 

 

Figure 144-9 Selective transection of vestibular nerve (middle fossa approach). A, Vestibular and facial nerves are exposed in superior compartment of internal auditory canal. Superior division of vestibular nerve (SVN) is avulsed distally 
with right-angled hook. B, Traction on distal end of SVN with a suction tip permits exposure of inferior division of vestibular nerve (IVN). C, After transection of IVN, vestibular nerve trunk is transected proximal to vestibular ganglion 
(VG). GSPN, Greater superficial petrosal nerve; Gen G, geniculate ganglion. 



 

Figure 144-10 Retrolabyrinthine vestibular nerve transection. A, After flap of posterior fossa dura, including endolymphatic sac, has been elevated, curved retractor exposes seventh and eighth cranial nerves by medial traction of cerebellum. 
B, Vestibular nerve trunk (V) is separated from cochlear nerve (C) with sharp and blunt instruments. C, The vestibular nerve is transected. PC, Posterior semicircular canal. 
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Chapter 145 - VESTIBULAR AND BALANCE REHABILITATION: PROGRAM ESSENTIALS

Neil T. Shepard 
Steven A. Telian 

INTRODUCTION

Although the concept of using vestibular exercises to provide relief of persistent symptoms is not new, being introduced in the early 1940s,[5] customized vestibular and balance rehabilitation therapy (VBRT) programs were not formalized or 
widely available until the 1990s. This modality has its roots in physical therapy, prospering initially in multidisciplinary settings, where therapists collaborated with a team in sophisticated vestibular testing facilities. There are now a 
sufficient number of prospective controlled studies to demonstrate both the efficacy and cost-effectiveness of vestibular rehabilitation.[45] As such, this treatment has become widely available and is the primary management technique for a 
large percentage of patients with complaints of imbalance and dizziness.

There are two overall goals in a VBRT program: (1) to advance the central vestibular compensation process, resulting in reduction in symptoms under static and dynamic conditions, and improvement in the function of the vestibuloocular 
reflex (VOR); and (2) improvement in the functionality of static and dynamic balance and gait, which this can be a process independent of central compensation issues of the first goal.

To accomplish these principal goals, a variety of different exercise techniques are used. Each has specific subgoals within the overall structure of a VBRT program. Not all would be used on every patient. The various techniques and their 
goals are as follows: 

• Adaptation exercises: goal—to improve VOR gain.[5] [29] [30] 
• Habituation exercises: goal—to reduce or eliminate response to a specific stimulus with repeated exposure.[31] [37] 
• Substitution exercises: goal—to allow for the use of alternative sensory inputs and motor output paths in the acquisition of control for gaze stabilization during head movements, and for postural and gait control.[3] [8] [20] [22] 
• Balance exercises: goal—improved performance in both static and dynamic postural control.
▲ —Tai Chi is an effective adjunct, especially for those with imbalance when standing.
• Gait exercises: goal—improvement in ambulation abilities by use of a variety of activities on both short and long courses. As the individual progresses in the program, these gait activities are combined with the habituation style 
exercises by the use of horizontal head rotations during walking.
• General conditioning is probably the most difficult, yet of significant importance involving:
▲ —Lifestyle change to become more active in an overall manner.
▲ —Maintenance program to allow for continued exercise activity without the rigor of the formal program, yet to maintain and progress the accomplishments of the formal program. This is especially important in certain central nervous 
system disorders.[40] 

The elements of the preceding summary form the basis for the programs to be discussed in detail in the following. For a more in-depth summary, the interested reader is referred to Reference [12] .
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PHYSIOLOGIC RATIONALE FOR VESTIBULAR AND BALANCE REHABILITATION

A unique feature of the central nervous system (CNS) is its ability to adjust to asymmetries in stationary peripheral vestibular afferent activity and, to a somewhat lesser degree, to fixed insults within the central vestibular pathways. [48] This 
adjustment process is referred to as vestibular compensation and occurs naturally after most vestibular insults, provided the individual restarts and builds an active lifestyle. Such plasticity requires active neuronal changes in the cerebellum 
and the brain stem nuclei in response to the sensory conflicts produced by central or peripheral vestibular pathology. In most instances, this process will reliably relieve vestibular symptoms, provided that the lesion is either stable or 
producing only gradual progressive deterioration. The underlying physiologic components of this process are the foundations of a vestibular and balance rehabilitation program and the specific exercises presented in the introduction. There 
are at least four distinct areas of vestibular compensation, and three of these are related to specific exercise techniques used in a VBFT program to, in turn, promote that specific facet of the compensation process. The fourth is a process that 
occurs as a result of a sudden peripheral (and select central) lesion, without the need for head movements or balance and gait activities. The other three require the individual to be active to have those components to proceed. The four can be 
divided into static and dynamic compensation. Each will be considered in turn.

Static Compensation for Peripheral Vestibular Lesions



Vertigo of acute onset usually is accompanied by nystagmus and a variety of neurovegetative symptoms, such as nausea and vomiting. Initially, the vertigo and nystagmus are present despite attempts at visual fixation suppression. Rather 
than indicating pathology of the central system, this finding simply reflects the dramatic disparity of the afferent activity in the vestibular nerve immediately after an acute lesion. The nystagmus intensity typically increases when visual 
fixation is removed. As the static phase of compensation for the peripheral vestibular insult proceeds, the subjective symptoms are greatly reduced, and the nystagmus diminishes until it may be observed only when visual fixation is 
eliminated. This occurs initially by a tonic rebalancing of the resting activity in the vestibular nuclei. The changes produced are designed to minimize side-to-side discrepancies between the tonic firing rates in the second-order neurons 
originating in the nuclei. This apparently intrinsic ability of the vestibular nucleus to rebalance tonic firing rates in the setting of an acute peripheral lesion, static compensation, has been shown to occur without the need for head movement 
and vision, and the cerebellum is not essential in the acute phase of compensation.[9] [16] [25] [28] [48] This activity generally provides relief from the most intense symptoms of vertigo and vomiting within 24 to 72 hours. Nevertheless, the patient 
continues to have considerable disequilibrium, because the system is unable to respond appropriately to the dynamic aspects of vestibular input produced by normal head motions. Thus, even after the intense vertigo has been controlled, it is 
common to have continued motion-provoked vertigo until dynamic compensation is achieved.

Dynamic Compensation

To eliminate persisting disequilibrium and residual motion-provoked vertigo after a vestibular lesion, the system must adjust to produce accurate responses to head movements. The dynamic compensation phase seems to be accomplished by 
reorganization of brain stem and cerebellar pathways, without modulating the neural input to the vestibular nuclei from the peripheral system.[48] This process is much slower than static compensation and typically requires elements of 
reprogramming of eye movements and postural control responses to head movements. This is accomplished by exposure to stimuli that challenge both the gaze stabilization and postural control systems. Secondary to commissural pathways, 
the response of the ipsilateral vestibular nucleus to changes in the contralateral eighth nerve firing rate allows for the central vestibular response to be produced from the one functioning labyrinth. This feature of the compensation process is 
critical to recovery after extensive pathologic insults and ablative vestibular surgery, such as labyrinthectomy or vestibular nerve section. The following are three major areas that are active in the process of dynamic compensation.

Adaptation is the neurologic mechanism that allows for long-term changes in the neuronal response to head movement-provoked gaze stabilization. The neural signals that induce the adaptation are primarily generated by "retinal slip" of the 
visual image on the retina. This phenomenon is generated by a disordered VOR response, when a head movement produces a perceived motion of an object that is stable in the visual environment. The resulting error signal can lead to fairly 
prompt and long-term changes in the VOR.[30] Full-field optokinetic stimuli also may assist in this process, even without head movement. This process of adaptation produced by retinal slip seems to be context dependent, so that specific 
adjustments must be made for movements of different frequency, directions of head movement, eye position in the
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orbit, and distances from the visual target.[6] [29] This illustrates the complexity of the vestibular adaptation process and why residual symptoms are almost unavoidable even in a fairly well-compensated individual. Postural stability is also 
improved with this process by reducing in abnormal visual influences on postural control secondary to retinal slip patterns.

Habituation is the long-term reduction of a response to a noxious stimulus resulting from repeated exposure to the stimulus. [19] This phenomenon seems to be context dependent and does not generalize well from one head movement to 
another. This mechanism is essential for a variety of conditions that can produce sensitivity to head movement or motion in the visual surroundings. Although peripheral asymmetry is one common cause of these symptoms, other common 
causes are central lesions, anxiety disorders, and migraines.[31] Although the adjustments produced by habituation are made fairly quickly and are reasonably accurate, the central system requires consistency in the inputs to properly use them 
for habituation. For this reason, it is essentially impossible to "compensate" for an unstable vestibular lesion.

The primary goals of both adaptation and habituation are to produce gaze stability and postural stability in both static and dynamic situations. The response frequency ranges for gaze and postural stability are very different. To achieve gaze 
stability, the responsible mechanisms must function properly in a range from static position (no motion) up to movements that correlate with head motions as quick as 10 Hz. Postural stability is predominantly a task that requires 
responsiveness only below 4 Hz.[10] [11] 

In addition to adaptation and habituation, another critical component of dynamic compensation involves sensory substitution. This process requires the adoption of alternate strategies for gaze and postural control to replace the lost or 
compromised sensory function. For example, the individual with bilateral loss of peripheral vestibular function becomes primarily dependent on visual and/or proprioceptive inputs to maintain postural stability. Although these mechanisms 
typically need to be developed by the patient in a therapeutic setting, many patients will have developed some of these by trial and error out of necessity before coming for evaluation. Although sensory substitution may be helpful, it also may 
be maladaptive in some environmental settings, such as the patient who is overly dependent on vision and cannot use proprioceptive and residual vestibular inputs to successfully navigate in darkness. In addition to the common substitution 
of visual and proprioceptive inputs, some of the other mechanisms that may be useful in the setting of vestibular loss include: (1) activation of the cervicoocular reflex, which is not particularly active in humans[20] ; (2) use of the smooth 
pursuit tracking system[22] ; and (3) use of saccades. Patients with both unilateral and bilateral vestibular deficits use corrective saccades to adjust for the reduction of VOR-induced eye movements after head movement. With central 
preprogramming through exposure to specific eye-head coordinated movements, one can automatically use these eye movements to help maintain gaze stability when the VOR is deficient.[3] [8] 

It seems that the initial central compensation process is enhanced by head movement but delayed by inactivity.[2] [17] [21] [24] It is also hampered by preexisting or concurrent central vestibular dysfunction.[18] Medications that are typically used for 
acute symptoms of vertigo, such as meclizine, scopolamine, and benzodiazepines, all cause sedation and CNS depression. Although they may provide satisfactory relief during the initial stages of an acute labyrinthine crisis, they are 
potentially counterproductive with respect to central vestibular compensation, especially if used for extended periods.[17] [27] In addition, chronic anxiety or other psychiatric disorders may delay or disrupt the compensation process.[39] [46] 

Although remarkably reliable, central vestibular compensation seems to be a somewhat fragile, energy-dependent process. Even after it is apparently complete, there may be periods of symptomatic relapse because of decompensation. A 
period of inactivity, extreme fatigue, change in medications, or an intercurrent illness may trigger these relapses. A relapse of vestibular symptoms in this setting does not necessarily imply ongoing, progressive, or new labyrinthine 
dysfunction.

The features of central compensation reviewed previously suggest that avoidance of movements and body positions that provoke vertigo, as well as the traditional practice of prescribing vestibular suppressants for these patients, may be 
inappropriate. Because the stimulus for recovery seems to be repeated exposure to the sensory conflicts produced by movement, once the severe acute symptoms are resolved, the patient's medications should be discontinued and an active 
program toward recovery should be encouraged. For most individuals, recovery will be rapid and nearly complete. For some, the symptoms of vestibular dysfunction may persist. These are the candidates for vestibular rehabilitation 
programs. These programs are helpful in fostering the mechanisms of vestibular compensation previously discussed, including adaptation, habituation, and sensory substitution.

ASSESSMENT OF VESTIBULAR COMPENSATION



Role of the Clinical History

A complete neurotologic history is probably the single most important component in the diagnostic evaluation
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of the patient with a balance disorder. Balance function study results must be interpreted in light of the presenting symptoms and medical history.[1] In general, the information sought should include the onset of symptoms and their 
characteristics at that time, the progression of symptoms over time, the nature and duration of typical spells, any predisposing factors in the medical history, and use of medications or other management strategies. Complicating features of 
anxiety, depression, or excessive dependence on medications should be explained and addressed. Some effort should be extended to understand the degree of disability produced by the patient's vestibular complaints with respect to his or her 
professional and social activities. The stability and commitment of their psychological support system should also be addressed.

Ongoing symptom complaints indicate that compensation is incomplete. However, the history and presenting symptoms need to be used to determine whether these continuing sensations are a result of a fluctuating (unstable) labyrinth or an 
uncompensated stable lesion responding to movements of the head and eyes. In the case of the unstable lesion, the lack of compensation results because the central compensation system cannot react to a changing system. In the history, the 
unstable system is indicated by symptoms that are spontaneous in nature. In the stable uncompensated case, the symptoms are much more likely provoked by head or eye movements. It is the patients in this latter group (stable lesion) who are 
most likely to have vestibular and balance rehabilitation as the primary management technique. The patients in the group with unstable lesions may have VBRT as part of their management, but it is not likely to be the primary modality of 
treatment. One of the primary goals of the history is to determine why the compensation process has not gone on to completion on its own. In many cases, avoidance of movements or positions may cause the lack of compensation in the 
stable lesion. Recognizing that a lesion is unstable is in itself a rationale for the lack of compensation. Additional reasons for lack of compensation may involve other concurrent conditions such as migraine or developed anxiety disorders.

Role of Vestibular Testing

The most traditional purpose of balance function studies is site-of-lesion localization addressing sensory input elements, motor output elements, or neural pathways that may be involved in producing the reported symptoms. Second, an 
assessment of the patient's functional ability to use the sensory input systems in an integrated fashion is completed. This involves maintenance of stance before and after induced sway and coordination of head and eye movements during gaze 
activities. The third assessment goal is to evaluate, in a limited manner, the current degree of physiologic and functional compensation.

A wide variety of studies may be used to assess the balance system in the broadest sense. When the predictive usefulness of the various vestibular tests are reviewed, no significant correlation with the performance of high-level activities of 
daily living exists for the chronically dizzy patient. Tests used to determine the extent and site of vestibular lesions are unable to predict the type of vestibular symptoms, the magnitude of those symptoms, or the level of disability of an 
individual patient. Thus, a therapist can and must proceed with an evaluation of these factors irrespective of the vestibular test results.

Although specific subtests within electronystagmogram (ENG), rotary chair, and postural control testing can give indications of compensation status, they are quite limited. Typically, the information obtained from the various studies relates 
more to the static phase of compensation than that of the dynamic phase. Clinically significant spontaneous nystagmus, positional nystagmus, and/or a directional preponderance on the traditional ENG provide evidence for failure of 
physiologic compensation in the control of eye movements. Rotational chair testing stimulates the horizontal semicircular canals and their afferent inputs over a broad range of frequencies and accelerations. Although this is a physiologic 
rather than a functional evaluation, it provides information about the vestibuloocular system that is not obtained from the traditional ENG. In general, although abnormalities in the timing (phase lead) or amplitude (gain) of the eye 
movements produced by the VOR provide evidence for peripheral vestibular dysfunction, they do not address the issue of compensation within the central system.[48] On the other hand, persistent asymmetry (bias) in the slow-phase eye 
velocity responses produced by rightward vs leftward rotation strongly suggests that the peripheral lesion is physiologically uncompensated. If a step test protocol is used with a low speed, asymmetries in gain for left vs right steps are also 
interpreted as a lack of physiologic compensation.

Dynamic posturography provides information about balance system function that is not available through the other vestibular testing modalities. The sensory organization portion of dynamic posturography is primarily a test of functional 
capabilities rather than a site-of-lesion evaluation. By measuring the degree of postural sway under several test conditions, this test determines whether the patient is able to make proper use of sensory inputs from the visual,
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vestibular, and somatosensory systems for maintaining stable stance. By identifying difficulty in the use of one or more of the input informations, a quantitative indication of the lack of functional compensation is obtained.

It is not unusual to observe normal sensory organization findings in patients who report only motion-provoked symptoms and show no signs of pathologic nystagmus or significant asymmetry on rotational chair testing. In contrast, some 
patients will demonstrate significant abnormalities of postural control, documenting inadequate functional compensation, even when the more physiologic measures (ENG and rotational chair) suggest a partially completed physiologic 
compensation process.

The movement coordination battery of dynamic posturography may be used to assess the automatic motor output from the central nervous system in response to perturbations of stance. Abnormalities detected may help to explain findings in 
the sensory organization test, especially the somatosensory and vestibular dysfunction pattern. It may also provide indications of previously undiagnosed peripheral neuropathy or biomechanical deficits resulting from known musculoskeletal 
conditions.[42] [43] This protocol, however, does not provide information about the status of compensation.

VESTIBULAR REHABILITATION: PATIENT SELECTION CRITERIA

Vestibular Rehabilitation as a Primary Treatment Modality

The use of VBRT in the treatment of benign paroxysmal positional vertigo (BPPV) is well accepted. The use of noncustomized programs such as Cawthorne exercises has a long and fairly successful history for the management of this 
problem. [2] [6] [7] However, for many patients, the commonly prescribed Cawthorne program is too intensive and often provokes intense vestibular symptoms, sometimes accompanied by nausea or vomiting. This discourages the patient from 
continuing. A preferred noncustomized program for BPPV that addresses the needs of most patients is the Brandt-Daroff program. [2] An alternate approach for the treatment of classic BPPV caused by otoconia free in one of the semicircular 
canals (canalithiasis) is to perform an appropriate particle repositioning maneuver.[14] When these techniques are insufficient to bring relief, it is appropriate to refer the patient to a vestibular therapist for a customized program.[37] 



The use of VBRT as the primary treatment recommendation is appropriate in any condition characterized by a stable unilateral peripheral or central vestibular deficit when the patient's natural compensation process is incomplete. If the 
patient's evaluation reveals no evidence of a progressive or fluctuant (unstable) process, it is likely that VBRT will produce a satisfactory resolution of symptoms. This intervention is certainly preferable to the use of vestibular suppressants. 
In most patients with stable peripheral lesions, there is no role for the use of long-term vestibular suppressants. However, they may be of use during the acute stages of an insult or at the outset of VBRT to reduce symptoms to an adequate 
level to allow the patient to perform the needed exercise program.[35] 

The final indication for the use of VBRT as a primary treatment modality is for disorders characterized by multifactorial balance difficulties, such as those seen in the elderly.[38] This becomes especially important when other treatment options 
are unavailable or have been exhausted. These individuals may benefit greatly from postural control exercises and individualized conditioning programs. Frequently, the relationship with the therapist assumes a strong counseling function, 
and the use of assistive devices for safety in ambulation can be introduced as needed.

Vestibular Rehabilitation as Adjunctive Modality

Several situations may require the use of VBRT interventions as an adjunctive treatment modality. The use of routine or selective VBRT is helpful in optimizing the outcome after vestibular surgery, such as vestibular schwannoma removal, 
labyrinthectomy, or vestibular nerve section, and after intratympanic aminoglycoside administration for Ménière's disease. When a patient with an unstable vestibular condition undergoes an ablative procedure, a more profound, yet stable, 
unilateral vestibular lesion is created. The process of acute and chronic compensation must begin anew. It is possible that many of the unsatisfactory outcomes after vestibular surgery can be attributed to incomplete or delayed postoperative 
compensation. All patients should be instructed regarding the importance of central compensation for the success of any ablative vestibular procedure. Those individuals who are at particular risk for poor recovery because of complicating 
CNS conditions, sedating medications, or poor motivation for recovery should be encouraged to pursue a customized program of VBRT early in their postoperative course.

Vestibular rehabilitation may play a role in other conditions that include a component of balance complaints.[31] [33] Frequently, patients who have had head injuries have significant disability from vestibular symptoms. Because their conditions 
often include cognitive and central vestibular involvement along with the peripheral component, VBRT techniques are best used as a supplement to a comprehensive, multidisciplinary head injury program rather than as the
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primary rehabilitative measure. Similarly, patients with anxiety disorders often are seeking management of ill-defined vestibular symptoms. After a suitable evaluation is performed, VBRT may be recommended as an adjunctive measure for 
their condition. If the anxiety is mild, VBRT functions as a behavioral intervention similar to exposure therapy for treatment of phobias. If the anxiety component is significant, and particularly if panic attacks are frequent, psychiatric 
intervention will be required as well. The use of VBRT can be of adjunctive assistance in situations of migraine-associated dizziness, provided other direct treatment for migraine is concurrent.[12] [31] 

Patients with Ménière's disease may complain of positional vertigo or other chronic vestibular complaints between their definitive attacks. Although such patients are candidates for VBRT, they must proceed with the understanding that the 
prognosis for lasting relief of chronic symptoms is reduced if the typical severe attacks of Ménière's disease occur more than monthly. If the attacks are rare, or the Ménière's disease is inactive, the prognosis is considerably improved.

Vestibular Rehabilitation as Therapeutic Trial

Often the physician is uncertain whether the patient's complaints are because of stable vestibular disease with inadequate central compensation or by unstable labyrinthine function. In this setting, a trial of VBRT is appropriate and assists in 
the diagnosis by clarifying this important distinction. Failure to improve in VBRT lends further credibility to the diagnostic impression that the lesion is unstable or progressive. It is then suitable to proceed with appropriate surgical 
management if the symptoms are severe enough to warrant the procedure and they emanate from the end organ. This approach has particular advantages in conditions like perilymph fistula. Until the preoperative diagnostic criteria for 
perilymph fistula become clarified, it is appropriate to defer surgical exploration until after a trial of VBRT, unless there is clear danger to the hearing. This course is particularly appropriate before considering surgical interventions for more 
controversial diagnoses such as spontaneous perilymph fistula.[34] 

It is sometimes difficult to determine whether a postoperative relapse of vestibular symptoms represents disease progression or merely central decompensation. [26] Decompensation may be observed as a late sequela after initially complete 
compensation for any peripheral lesion, including vestibular surgery. For example, many surgeons consider transmastoid labyrinthectomy to be a definitive procedure for the control of vertigo of peripheral origin. Thus, one must explain why 
failures occur. Early failures are best attributed to incorrect diagnosis, incomplete removal of the neuroepithelium at the time of surgery, or inadequate CNS compensation. Late failures have been hypothesized to result from 
"postlabyrinthectomy neuromas."[23] [47] Although there is little reason to expect that such lesions could produce symptoms, some surgeons would advocate a vestibular neurectomy in this setting. An alternate explanation for these recurrent 
symptoms after a complete labyrinthectomy would be late central decompensation, which should respond briskly to VBRT. Instead of proceeding to additional surgery, a therapeutic trial of VBRT is suitable whenever the possibility of 
incomplete compensation or decompensation remains.

Inappropriate Candidates

Patients whose symptoms occur strictly in spontaneous, discrete episodes, such as seen with Ménière's disease, are unlikely to benefit from VBRT. If there are no provocative movements or body positions that reliably produce spells and 
there are no postural control abnormalities noted during the evaluation, the patient is best managed with alternative medical or surgical strategies. Nonetheless, such patients should be encouraged to remain active and optimize their general 
health through physical activities performed at a level that is appropriate for their age and general health.

Role of Balance Function Studies in Patient Selection

It needs to be recognized that VBRT is a symptom-driven program. It is the symptom presentation that should be the primary determiner of who is and is not referred for VBRT. The principal features that suggest use of VBRT for primary or 
adjunctive management are complaints related to head or visual motion-provoked symptoms or dysfunction with balance and gait. The presentation of spontaneously occurring symptoms is typically an indication that VBRT would not be 
used. Is there a role for the use of the various balance function studies such an ENG, rotary chair, or dynamic posturography in the determination of who would be appropriate for VBRT and/or a role in the monitoring of the program's 
outcome?

Of the main balance function studies, dynamic posturography has the most likelihood of suggesting that VBRT may be appropriate. This would occur in a patient with symptom presentation that does not suggest the use of therapy as a 
management option, yet performance on dynamic posturography shows clear deficits in maintenance of upright stance during challenging conditions. Such a patient would be a very appropriate candidate for the use of VBRT to improve
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performance of balance and gait and reduce the potential for falls. Dynamic postural control evaluations in patients for whom VBRT is to be used can assist in the design and monitoring of the customized VBRT program.[6] [35] [42] 

The ENG and rotary chair studies do not provide information that assists in deciding who is appropriate for VBRT. However, if a patient by symptom presentation is otherwise appropriate for VBRT, these studies can be used to reinforce the 
use of a specific form or exercise for the therapy program. Indications from ENG and/or rotary chair of deficits in the VOR provide support for the use of adaptation exercises as a means for improving the gain and, thereby, the functional 
performance of the VOR. Neither of these studies holds any significant usefulness in the monitoring of the progress of a VBRT program. However, if the patient is not progressing in a reasonable manner, partial or complete repeat of ENG 
and/or rotary chair may be useful in determining whether the physiologic condition of the peripheral and central vestibular system has undergone a change that adversely effects the patient's progress. [44] 

VESTIBULAR REHABILITATION: COMMON TECHNIQUES

The vestibular rehabilitation therapist uses a variety of techniques when providing a program customized to the needs of the individual patient. For a complete discussion of the diagnostic and therapeutic interventions that may appropriately 
be performed by the therapist, the interested reader is referred to other resources for further reading.[12] [36] This section of the chapter will review several general categories of exercise techniques that are used in a customized program of VBRT.

Adaptation Exercises

The principal goal of adaptation exercises is the improvement in the VOR gain and accompanying gaze stability for those who demonstrate a VOR deficit physiologically and who have predictable symptoms provoked by head movements. 
Evidence of a VOR deficit may include a caloric response asymmetry on ENG and/or an abnormal time constant on rotary chair testing. The activities primarily involve eye-head coordinated movements called VOR times 1 and times 2 
viewing exercises described elsewhere.[12] [31] Although the process of adaptation of the VOR has been clearly possible in the normal functioning peripheral vestibular system, recent data suggest this may not be the case in the pathologic 
vestibular end organ (Personal communication, S. Herdman and R. Tusa, September 2003). Of interest is that even though the underlying mechanism may not be that of adaptation, the exercises do result in measurable changes in the VOR 
gain and functional performance.[12] [45] [48] 

Habituation Exercises

For most patients with positionally provoked symptoms, the primary goal is to extinguish residual pathologic responses after incomplete or disordered compensation.[41] The therapist identifies the typical movements that produce the most 
symptoms and provides the patient with a limited but progressive program of exercises that reproduces these movements. Typically, these are performed two to three times daily, with the duration and number of repetitions varying according 
to the severity of nausea or dizziness they produce. The patients are counseled that symptoms typically are aggravated by the exercises at first but that gradual improvement will follow. Patients are often encouraged by experiencing short-
term habituation at the end of an exercise session. If they can persevere with their program, most patients will begin to note dramatic relief of positional vertigo within 4 to 6 weeks.

There is obviously significant overlap between these and the adaptation activities. There are differences in the details of the techniques relative to speed, visual target, number of movements, and repetition. The underlying principle of 
habituation exercises is that of brief repeated exposures. This technique can also be used to reduce sensitivity to visual motion-provoked symptoms, although that is a more difficult task.

Substitution Exercises

As the name implies, these exercises are used to teach the patient to be able to use alternative strategies and sensory inputs to make up for those that are deficit or missing entirely. There is clearly a limit as to how much vision or 
proprioception can substitute for the vestibular system or how much vestibular information can substitute for proprioception. The limits are primarily secondary to the differences in the frequency range over which each of these inputs and the 
various motor and perceptual outputs function.[10] [11] Notwithstanding the limitations, this technique can be successful in promoting changes in performance for both gaze stability and postural control by means of the mechanism of central 
preprogramming.[13] [15] 

Postural Control and Gait Exercises

When abnormalities of postural control are detected in the assessment, these may be specifically addressed in the prescribed exercise program. Programs can be designed to correct weight-bearing asymmetries,
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limited mobility about the center of gravity, and sensory input selection problems. For example, if the patient is found to depend on somatosensory input despite the availability of accurate visual cues, the program may involve exercises that 
require balancing on thick foam. This would be performed initially with eyes open and eventually with eyes closed.

Although working on static balance is one dimension of therapy, more complex gait activities over a short course (such as a 10- to 20-foot walk) are often prescribed and combined with other more complex movements. These may involve 
specific targeted activities such as stepping over objects or incorporating specific reciprocal head movements. The patient may also be asked to practice walking on different types of surfaces such as a compressible soft carpet or an irregular 
gravel parking lot. These activities are designed to enhance stability in daily activities. Patients with bilateral loss of vestibular function may be instructed to perform exercises that help with sensory substitution. These may include having 
them walk in progressively more challenging lighting situations to facilitate somatosensory substitution and/or to balance on more challenging support services to facilitate visual substitution.[12] 

Conditioning and Maintenance Activities

Most patients with vertigo and balance disorders have adopted a sedentary lifestyle to avoid their symptoms. Although such a response is understandable, this decision contributes to their ongoing disability and delays their recovery. Thus, all 
patients who receive customized VBRT programs are also provided with suggestions for a general exercise program that is suited to their age, health, and interests. For most individuals, this would involve at least a graduated walking 
program. For many, a more strenuous program is suggested that may include jogging, treadmill, aerobics, or bicycling. Activities that involve coordinated eye, head, and body movements such as golf, bowling, handball, or racquet sports 
may be appropriate. Swimming is approached cautiously because of the disorientation experienced by many vestibular patients in the relative weightlessness of the aquatic environment.

Maintenance of Initial Results



Once the patient has completed the initial period of treatment, progress is assessed and adjustments are made in the program. Exercises that no longer produce symptoms are eliminated and replaced by others that were not originally included 
because of lower priority. This process is continued until the improvements begin to plateau. When this point is reached, it is important to provide the patient with counseling and a program of maintenance exercises to ensure stability of the 
initial improvements. The maintenance program typically includes continuing the prescribed conditioning exercises, as well as any unique postural control activities that were required. The patient is instructed to resume exercises if a relapse 
of symptoms should occur. For central nervous system lesions involving the cerebellum, indications are that the active program needs to be continued indefinitely to maintain benefits.[40] 

Role of Therapist in Patient Education

A key role of the therapist in the management of the patient with a balance disorder is to educate the patient about his illness.[41] There is often considerable misinformation that must be addressed. This supportive function of the therapist is 
particularly essential for the management of patients with a less favorable prognosis. A patient who is well educated regarding the nature of vestibular or balance dysfunction will understand the rationale for vestibular rehabilitation. They 
will recognize that these measures are simply a management technique instead of a cure for the underlying deficits. This orientation takes the patient from a passive role toward an active role in his or her own recovery.

VESTIBULAR REHABILITATION: EXPECTED RESULTS

A 2-year prospective clinical trial including all patients undergoing VBRT at the University of Michigan suggested that one can expect a reduction of symptoms in approximately 85% of cases. By use of a disability rating scale, 80% of 
patients gave lower disability scores after therapy.[35] A subsequent controlled clinical trial provided strong evidence that VBRT programs customized to the unique needs of the individual patient provided results that are superior to those 
obtained by generic programs of therapy.[32] Whitney and Rossi[45] have provided a useful review of multiple published studies of VBRT efficacy. In the review, they classify the works by the presence or absence of control groups and the 
prospective or retrospective nature of the studies. Overall, the studies reviewed demonstrate the significant evidence that now exists supporting the high efficacy for VBRT as a major management tool for those with balance and vestibular 
disorders. A summary of the literature reviewed by Whitney and Rossi suggests that VBRT is highly beneficial after unilateral surgical ablation of vestibular function. Similar results may be expected when treating fixed unilateral lesions 
such as vestibular neuritis and labyrinthitis. Treatment of canalithiasis causing classical BPPV with the particle-repositioning maneuver is effective
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in more than 90% of cases, but the condition may recur in up to 30% of patients. Habituation exercises have been reported to yield similar results but do not offer relief as promptly. Patients with bilateral vestibulopathy treated with VBRT 
show significant improvements in speed of ambulation and stair negotiation, postural stability, and reaching distance compared with control subjects. Balance rehabilitation is of particular importance for the older adult with multiple sensory 
deficits, especially when other treatment options are not available. Many times the therapist also serves as a counselor and may need to make recommendations for strengthening activities and assistive devices.

In general, the patients who have a poorer prognosis for improvement with VBRT include those with severe bilateral peripheral lesions, combined central/peripheral vestibular deficits and headache syndromes after head injury, and those 
with established long-term disability. For those in whom migraine or anxiety disorders are the primary source for symptoms, VBRT can be effective if used with treatment for the primary disease process.[31] Although some elderly patients 
may progress poorly because of irreversible multisensory dysfunction, the overall experience with this group has been favorable.

The concurrent use of vestibular suppressant medication or other centrally acting agents has been shown to delay the time course of recovery during VBRT. Whenever possible, these medications should be tapered to lower doses or 
discontinued completely. On the other hand, they may be continued if they are essential for treatment of complicating medical conditions or for relief of symptoms during the VBRT program, because their use does not seem to dramatically 
reduce the chances of a satisfactory ultimate outcome.
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Part Thirteen - FACIAL NERVE
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Chapter 146 - TESTS OF FACIAL NERVE FUNCTION

Robert A. Dobie 

INTRODUCTION

In facial paralysis, as in most medical problems, history and physical examination usually provide more useful information than laboratory tests. Sometimes, however, it is useful to evaluate or monitor facial nerve function to detect a facial 
nerve lesion; to measure its severity; to localize it to a particular intracranial, intratemporal, or extratemporal site; to assess the prognosis for recovery; to assist in treatment decisions; or to detect and avoid surgical injury. Tests of facial nerve 
function (most of which are electrical or topognostic) are then used.

Useful diagnostic tests add information to what is already known, influence the choice of therapy, and ultimately improve clinical outcomes.[31] This chapter discusses tests that can be helpful (and many that have not been shown to be helpful) 
in various clinical scenarios. Intraoperative monitoring of electrical activity of muscles innervated by the facial nerve is by far the most well-established, clinically useful test of facial nerve function (other than physical examination). 
Outpatient electrical testing of facial nerve function makes sense in clinical settings in which surgical repair or decompression is under consideration, such as after temporal bone fracture (and for some otologists, in cases of Bell's palsy). But 
most of the tests described in this chapter have very limited proven clinical usefulness. Facial nerve imaging is also briefly discussed. Although magnetic resonance imaging is the test of choice when there is suspicion that a tumor could be 
causing facial paralysis, it seems not to be useful in Bell's palsy.

PHYSICAL EXAMINATION

Facial weakness can be extremely subtle, apparent only to a trained examiner (and perhaps to the patient); in contrast, when facial paralysis is total or near total, it can be devastating. Several systems of clinical measurement of facial nerve 
function have been devised, but since the mid-1980s, the House-Brackmann system has been most widely used and has been endorsed by the American Academy of Otolaryngology-Head and Neck Surgery.[27] In the House-Brackmann 
system, grade I is normal function, grade VI is complete absence of facial motor function, and grades II to V are intermediate ( Table 146-1 ).

However, examiners do not always agree, even when using a formal grading system. In studies of more than 100 patients with various degrees of facial weakness, examiners unanimously agreed on the House-Brackmann grade as often as 
80% (three examiners) and as seldom as 33% (five examiners).[11] [17] Of course, the probability of disagreement should increase as more examiners are used; the probability of any two examiners disagreeing is as low as 13%[17] (assuming that in 
all cases of three-examiner disagreement, two chose one grade and the third chose another grade) and as high as 40% (assuming maximum dispersion of examiner judgments across House-Brackmann categories).[57] It would be interesting to 
know how much of this variability is caused by individual examiners' test-retest variability (i.e., the tendency of an examiner to assign different scores to the same patient on repeated examination) and how much is attributable to consistent 
differences among examiners (e.g., between "strict" and "lax" graders).

The wide acceptance of the House-Brackmann system has not prevented many others from proposing new systems. For example, Burres and Fisch[6] described a method requiring multiple measurements of movement in different parts of the 
face; Croxson and others[11] showed the expected correlation between Burres-Fisch and House-Brackmann in 42 patients, but there was considerable variability of Burres-Fisch scores for House-Brackmann grades III and IV. Murtry and others
[57] proposed and tested the Nottingham system of subjective estimation of movement at each of several points on the face. This method correlated better with House-Brackmann than did Burres-Fisch, and it was simpler to perform.
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TABLE 146-1 -- HOUSE-BRACKMANN FACIAL NERVE GRADING SYSTEM

Grade Description Characteristics

I Normal Normal facial function in all areas

II Mild dysfunction Slight weakness noticeable on close inspection; may have very slight synkinesis

  Normal symmetry and tone at rest

  Motion

  Forehead: moderate to good function

  Eye: complete closure with minimum effort

  Mouth: slight asymmetry

III Moderate dysfunction Obvious but not disfiguring difference between two sides; noticeable but not severe synkinesis, contracture, or hemifacial spasm

  Normal symmetry and tone at rest

  Motion

  Forehead: slight to moderate movement

  Eye: complete closure with effort

  Mouth: slightly weak with maximum effort

IV Moderately severe dysfunction Obvious weakness or disfiguring asymetry

  Normal symmetry and tone at rest

  Motion

  Forehead: none

  Eye: incomplete closure

  Mouth: asymmetric with maximum effort

V Severe dysfunction Only barely perceptible motion

  Asymmetry at rest

  Motion

  Forehead: none

  Eye: incomplete closure

  Mouth: slight movement

VI Total paralysis No movement
 
The best system would be reliable, be easy to use, and correlate well with patient self-assessment. Kahn and others[36] developed a 15-item questionnaire for patient self-assessment of facial paralysis; questionnaire results in 76 patients 
correlated fairly well with both House-Brackmann and the Sunnybrook Facial Grading System.[67] For now, House-Brackmann still seems a reasonable choice.

Neely and others[59] showed the feasibility of computer-assisted image analysis for measuring facial movement. Other objective measurement systems have been proposed by Johnson and others[34] and Jansen and others.[32] These methods are 
promising, particularly for research and for the assessment of weakness affecting only a single region of the face (e.g., forehead, lower lip).

ELECTRICAL TESTS

Sunderland[78] provided a simple classification of nerve injuries on the basis of the histology of the nerve trunk; it is helpful in understanding the results of electrical tests ( Figure 146-1 ). There are five classes of injury:

Class I: Pressure on a nerve trunk, provided that it is not too severe, causes conduction block, also termed neuropraxia. No disruption of axonal continuity occurs, and the connective tissue elements remain intact. When the pressure or other 
insult (e.g., local anesthetic infiltration) is removed, the nerve can recover quickly. During conduction block, no impulses can cross the area of the lesion, but electrical stimulation distal to the lesion still produces a propagated action 
potential and a visible muscle twitch. An example of a Sunderland class I injury is an arm or leg "going to sleep."

Class II: A more severe lesion, whether caused by pressure or some other insult (e.g., viral inflammation), may cause wallerian degeneration. The axon degenerates distally from the site of injury to the motor endplate and proximally to the 
first adjacent node of Ranvier. Once axonal degeneration has occurred, electrical stimulation of the nerve, even distal to the lesion, will fail to produce a propagated action potential and muscle contraction. In a class II injury, the connective 
tissue elements remain viable,
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Figure 146-1 Sunderland classification of peripheral nerve injury. 
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Chapter 147 - CLINICAL DISORDERS OF THE FACIAL NERVE

Douglas E. Mattox 

INTRODUCTION

This chapter describes clinical disorders of the facial nerve ( Figure 147-1 ). Most of the discussion is devoted to idiopathic paralysis (Bell's palsy); however, disorders of the facial nerve associated with other diseases are also presented. The 
usefulness of electrodiagnostic testing and medical and surgical management of Bell's palsy are discussed.

BELL'S PALSY: SPONTANEOUS IDIOPATHIC FACIAL PARALYSIS

The term Bell's palsy should be reserved for cases of facial paralysis that have signs and symptoms consistent with the disease and in which a diligent search for another cause is negative. Every experienced otolaryngologist has seen patients 
whose facial paralysis was caused by malignancy, facial neuroma, intracranial tumor, infection, or some other manageable cause but was misdiagnosed by another physician. The dictum that "all that palsies are not Bell's" cannot be 
overemphasized.

Although older literature relegated Bell's palsy to a diagnosis of exclusion, May and others[147] emphasized the diagnosis on the basis of specific clinical features. Taverner[230] outlined the minimum diagnostic criteria for Bell's palsy: (1) 
paralysis or paresis of all muscle groups of one side of the face; (2) sudden onset; (3) absence of signs of central nervous system (CNS) disease; and (4) absence of signs of ear or cerebellopontine angle disease. The differential diagnosis of 
facial palsy is shown in Table 147-1 .

Incidence

The annual estimated incidence of Bell's palsy is 20 to 30 patients per 100,000 population; it was 20.2 of 100,000 per year in the United Kingdom between 1992 and 1996.[202] The incidence is greater in patients older than 65 years (59 of 
100,000) and lower in children younger than age 13 (13 of 100,000).[18] [91] [124] The male/female ratio for Bell's palsy is approximately equal, except for a predominance in women younger than age 20 and a slight predominance in men older than 
age 40.[18] The left and right sides of the face are equally involved. Thirty percent of patients have incomplete paralysis on presentation, and 70% have a complete paralysis.[182] Bilateral paralysis occurs in 0.3% of patients, and 9% have a 
history of previous paralysis.[18] A family history of Bell's palsy exists in 8% of patients.[18] 

Etiology

Proposed causes of Bell's palsy include microcirculatory failure of the vasa nervorum,[50] [98] viral infection, ischemic neuropathy, and autoimmune reactions.[3] [157] Of these, the viral hypothesis has been the most widely accepted[9] [18] ; however, no 
virus has ever been consistently isolated from the serum of patients with Bell's palsy.[176] Thus, the evidence for the viral hypothesis is indirect, relying on clinical observations and changes in viral antibody titers. Furthermore, although the 
underlying cause may be viral, the immediate cause of the paralysis itself is debated to be viral neuropathy alone or ischemic neuropathy secondary to viral infection.[69] 

Acute facial paralysis can occur as part of many viral illnesses, including mumps,[210] rubella,[71] herpes simplex,[155] and Epstein-Barr virus.[88] [89] A viral cause for Bell's palsy also is supported by the finding that it seems to be part of a polyneuritis 
syndrome in which the facial palsy is the most obvious cranial nerve (CN) involved. Careful neurologic examination will reveal other CN weaknesses in >50% of patients with Bell's palsy.[26] [171] Adour[6] [8] found several affected CNs in most 
patients ( Table 147-2 ).

A direct link between Bell's palsy and viral infection has been difficult to establish. Serologic studies have examined both seroconversion and prevalence of antigens to suspected etiologic agents in patients with Bell's palsy, especially herpes 
simplex virus (HSV) and varicella-zoster virus (VZV). The results have been conflicting and have been dependent on techniques
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Figure 147-1 Facial paralysis. 



 

TABLE 147-1 -- DIFFERENTIAL DIAGNOSIS OF FACIAL PARALYSIS * 

Acute Paralysis Chronic or Progressive Paralysis

Polyneuritis Malignancies

••Bell's palsy ••Primary parotid tumor

••Herpes zoster ••Metastatic tumor

••Guillain-Barré syndrome Benign tumors

 ••Schwannoma

••Autoimmune disease ••Glomus tumor

••Lyme disease Cholesteatoma

••Human immunodeficiency virus  

••Kawasaki disease  

Trauma  

••Temporal bone fracture  

••Barotrauma  

••Birth trauma  

Otitis media  

••Acute bacterial  

••Chronic bacterial  

••Cholesteatoma  

Sarcoidosis  

Melkersson-Rosenthal  

Neurologic disorders  

••Human immunodeficiency virus  

••Cerebrovascular disorder—central or peripheral  
*Modified from Adour KK and others: Facial paralysis and Bell's palsy: a protocol for differential diagnosis, Am J Otol 6(Suppl):68, 1985. 

 
 
 
 

TABLE 147-2 -- POLYNEUROPATHY IN BELL'S PALSY

Symptom Percent Incidence

Hypesthesia or dysesthesia of the glossopharyngeal or trigeminal nerve 80

Hypoesthesia of C2 20

Vagal motor weakness 20



Trigeminal motor weakness •3

Facial or retroauricular pain 60

Dysgeusia 57

Hyperacusis 30

Decreased tearing 17

From Adour KK: Current concepts in neurology diagnosis and management of facial paralysis, N Engl J Med 307:348, 1982.
 
used and populations studied.[118] [233] One reason for failure of these studies is that they sought for signs of an acute infection immediately preceding the onset of the Bell's palsy. However, considering there is no seasonal predilection or 
epidemic clustering, it is much more likely that Bell's palsy is caused by reactivation of a latent virus rather than direct, communicable viral infection.

Morgan and others[166] [167] [235] support the hypothesis that Bell's palsy is a reactivation of VZV that may be initiated by several stresses, including heterotopic viruses (viruses other than herpesviruses) or physical or metabolic stress. Activation 
by other agents may explain the diversity and inconsistency of the antibody titers reported in various studies, as well as the
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epidemicity or clustering of cases. This reactivation can occur without a measurable antibody response to HSV.

The best evidence for reactivation of HSV as the mechanism for Bell's palsy comes from several studies of the geniculate ganglion and facial nerve. Futura and others[73] and Takasu and others[228] demonstrated HSV-1 DNA in both the 
trigeminal and geniculate ganglia of unselected autopsy specimens. Burgess and others[36] reported a single of case of a patient who died shortly after Bell's palsy developed and in whom HSV-1 genomic DNA was identified in the geniculate 
ganglion of the facial nerve. Archival control tissue was negative for viral DNA. In the most important study so far, Murakami and others[170] looked at endoneurial fluid and postauricular muscle from patients with Bell's palsy, Ramsay Hunt 
syndrome, and controls. Polymerase chain reaction (PCR) was used to test for HSV-1 DNA and VZV DNA, and the results were confirmed with Southern blot analysis. HSV DNA was detected in 11 of 14 patients with Bell's palsy, whereas 
VZV DNA was not recovered from any. Conversely, VZV DNA was recovered from all the patients with Ramsay Hunt syndrome, whereas none had HSV-1 DNA. Unaffected controls had neither virus DNA. Murakami's[170] study suggests a 
clean distinction between Bell's palsy and Ramsay Hunt syndrome; however, other studies suggest more overlap. Futura and others[74] studied 142 patients with both clinical Ramsay Hunt syndrome and acute facial palsy. Thirteen were 
diagnosed as having Ramsay Hunt syndrome on the first visit, and eight more had vesicular lesions develop subsequent to their initial evaluation. Of the 121 with nonvesicular acute facial paralysis, 35 had VZV DNA detected in their saliva 
or serologic evidence of VZV reactivation.

A few animal studies also support a viral cause for Bell's palsy. Ishii and others[108] induced facial paralysis in guinea pigs by inoculating the surface of the facial nerve with HSV-1. The severity of paralysis and subsequent degeneration were 
evaluated histologically and seemed to be more severe if the epineurium was removed before inoculation. Interestingly, these authors found greater extension of the virus centrally within the nerve than toward the periphery. Sugita and others
[226] induced an acute transient facial paralysis in mice by injecting HSV into the auricles and tongues of mice. The paralysis started 6 to 9 days after inoculation and resolved after 3 to 7 days. Viral antigens were detected in the facial nerve, 
geniculate ganglion, and facial nerve nucleus. A spontaneously recovering ischemic facial palsy also can be induced in cats by embolization of internal and external maxillary arteries. The onset of the paralysis is immediate after 
embolization and resolves after 2 months.[132] 

Although it is likely that the underlying disease in Bell's palsy is viral polyneuropathy, the question remains as to why there is such a profound effect on the facial nerve, whereas the changes in the other CNs are relatively minor and 
transient. The major anatomic difference between the facial and other CNs is its long bony canal. Fisch[65] measured the diameter of the fallopian canal throughout the temporal bone and found that the narrowest point was at the junction of the 
internal auditory canal and the labyrinthine portion, which he called the meatal foramen. The meatal foramen averaged 0.68 mm in diameter, whereas the remainder of the fallopian canal measured 1.02 to 1.53 mm. Fisch reasoned that edema 
in this narrow segment of the fallopian canal could cause damming of the axoplasmic flow within the facial nerve. This site of lesion in Bell's palsy has been confirmed by clinical observation[70] [114] and by intraoperative neuronography.[68] [76] A 
similar site of lesion has been identified electrophysiologically in herpes zoster oticus.[64] 

Histopathology

Fowler[71] reported autopsy findings in a patient who died shortly after Bell's palsy developed. The entire intratemporal nerve contained dilated and engorged veins and venules. Fresh hemorrhage was found within the internal auditory canal 
surrounding the facial nerve that extended as far as the geniculate ganglion. Flower theorized that the ischemia resulted from microthrombi rather than vasospasm.

Reddy and others[193] examined a facial nerve 17 days after the onset of spontaneous paralysis. The nerve showed scattered degeneration of the myelin sheaths and axons. Ten percent to 30% of facial nerve fibers were surrounded by 
phagocytic cells. The perivascular areas also showed inflammatory reaction and hemorrhage.

Proctor and others[186] examined a patient who died from Bell's palsy 13 days after the onset of paralysis. The facial nerve showed lymphocytic infiltration and phagocytosis of myelin by macrophages throughout the infratemporal course of the 
nerve. Initially, this case was interpreted as evidence for a viral cause. However, when McKeever and others[160] reexamined the case, they emphasized that the inflammatory cells were most prominent where the facial nerve was surrounded by 
bone, especially in the labyrinthine portion of the fallopian canal, but not within the internal auditory canal. They theorized that the histopathology suggested a compression-type injury with no evidence of vascular occlusion.

O'Donoghue and Michaels[172] found degeneration of myelin sheaths and axon fibers throughout the intratemporal course of the facial nerve. The nerve was constricted at the meatal foramen, and an osteoclastic
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giant cell reaction caused resorption of bone around the geniculate ganglion. These authors interpreted their findings as consistent with a viral cause, but as pointed out by Jenkins and others,[114] these findings do not preclude edema and 
constriction of the facial nerve as the final event leading to the paralysis.



Podvinec[183] found inflammatory infiltrates in the intratemporal portion of the facial nerve 6 months after the onset of the palsy and signs of wallerian degeneration and regeneration. He suggested that the persistence of infiltrates for this 
extended time might result from compromised circulation within the fallopian canal. Jackson and others[110] reported the histopathologic findings from the labyrinthine segment of the facial nerve in a patient 1 year after the onset of a total 
facial paralysis secondary to herpes zoster. A portion of the nerve within the auditory canal was essentially healthy; however, at the meatal foramen, the nerve became a mixed fibrotic and necrotic acellular mass.

Michaels[163] described the histopathologic findings from an autopsy performed 11 days after the onset of Bell's palsy. Similar to other authors, he found demyelination, compression, bone resorption, and lymphocytic infiltration in the 
proximal labyrinthine segment of the facial nerve. He cautioned against the overinterpretation of bulging of the nerve in the distal internal auditory canal, because it was found in both the healthy and pathologic sides.

Another approach to the histologic evaluation of Bell's palsy is biopsy specimens obtained intraoperatively, including biopsies of the chorda tympani and greater petrosal nerve. Biopsy specimens of the chorda tympani in acute Bell's palsy 
have shown degeneration of myelinated fibers but no inflammatory response. [117] [148] Fisch and Felix[69] examined biopsy specimens of the greater petrosal nerve obtained during middle cranial fossa facial nerve decompression. Their findings 
included degeneration and demyelination of large axons and lymphocytic infiltration. They found these results consistent with wallerian degeneration starting proximal to the geniculate ganglion, probably from the meatal foramen.

In summary, most histologic studies show diffuse demyelination of the facial nerve throughout its intratemporal course, with the most severe findings in the labyrinthine segment and at the meatal foramen.

CNS Changes

Auditory symptoms, usually in the form of hyperacusis, may be present in up to 30% of patients with Bell's palsy.[12] The cause for these auditory symptoms is unknown. McCandless and Schumacher[154] did not find evidence of a lesion 
affecting the cochlear nerve in patients with facial paralysis. Many authors have attributed the hyperacusis to decreased damping of sound secondary to dysfunction of the stapedius muscle. However, most authors have not found reduced 
contralateral stapedius reflex thresholds, suggesting that an absence of stapedial damping is not the cause.[200] 

On the basis of these observations, many authors have concluded that the auditory dysfunction results from CNS involvement.[12] A few patients with Bell's palsy have auditory brainstem response (ABR) abnormalities compared with age-
matched controls. These abnormalities include an increase in the wave I to V interval and the interaural difference for wave V. These changes are usually present bilaterally and resolve with recovery of the facial paralysis.[200] These findings 
suggested a brainstem abnormality associated with Bell's palsy that these authors hypothesized is related to the reactivation of HSV. These findings should be interpreted with caution. Other authors did not confirm such brainstem auditory 
findings,[99] [144] and the findings have not been corroborated by somatosensory evoked potentials or visual evoked potentials.

Several investigators have looked for CNS changes in acute facial paralysis by studying the cerebrospinal fluid (CSF). Again the results are contradictory. The finding of elevated levels of myelin basic proteins[57] and pleocytosis[208] in the CSF 
support CNS involvement in Bell's palsy. Weber and others[239] found a normal total cell count, total protein concentration, blood-CSF permeability, and CSF/serum immunoglobulin ratios in most patients with Bell's palsy. Only 
approximately 10% of these patients had some pathologic feature of the CSF, including a mild increase in blood-CSF permeability or pleocytosis. Weber and others[239] concluded that their findings did not support the hypothesis that Bell's 
palsy was a part of a cranial polyneuropathy.

CNS changes in Bell's palsy also have been suggested by magnetic resonance imaging (MRI). Jonsson and others[119] found brain or brainstem changes in 5 of 19 patients with Bell's palsy. These areas of increased signal did not correlate with 
the facial nerve brainstem nucleus or the supranuclear pathways and were interpreted as indicative of unrelated vascular disease.

Electrophysiology and Testing

The multiple branches from the facial nerve, including the greater petrosal, stapedial nerve, chorda tympani, and the multiple muscular branches, led to the development of topodiagnostic testing to localize the site of a facial nerve lesion. 
Schirmer's test evaluates greater petrosal nerve function by measuring the lacrimal secretions accumulating on a piece of filter
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paper placed under the eyelid at the medial canthus.[82] Stapedial nerve function can be evaluated with stapedial reflex testing. The chorda tympani nerve can be evaluated with taste testing or with the submandibular salivary flow test 
described by Magielski and Blatt.[137] Unfortunately, the accuracy of localization with topodiagnostic testing has been disappointing.[76] This is not a surprising finding in Bell's palsy in which the lesion is a diffuse demyelination throughout the 
nerve. However, topodiagnostic testing also has been disappointing in tumors in which a sharply defined site of lesion was expected.[188] 

Electrodiagnostic tests on the motor branches of the facial nerve also have been used to assess function and predict outcome. All of these tests have a similar shortcoming: stimulation and recording are performed distal to the lesion rather 
than on opposite sides of the site of injury.[140] Therefore, one should wait until nerve degeneration has reached the site of stimulation, usually 4 to 5 days, before electrodiagnostic tests become abnormal.

Nerve Excitability Threshold

The use of electricity as a neurodiagnostic test was described by Duchenne in 1892 and was adapted to the facial nerve by Laumans and Jongkees. [134] The Hilger nerve stimulator is the method of facial nerve evaluation most commonly used 
by otolaryngologists. The extratemporal portion of the nerve is stimulated with a small, pulsed DC current. The face is observed for the lowest current to produce a visible twitch. Although a threshold difference of more than 3.5 mA between 
the two sides has been considered suggestive of nerve degeneration, Gates[78] found that if carefully performed, low thresholds were obtained with percutaneous stimulation. The thresholds increased slowly with age and body weight, but a 
nerve excitability threshold of >1.25 mA in the upper division and 2 mA in the lower division was statistically abnormal.

Maximal Stimulation Test

A modification of the minimal excitability test, the maximal stimulation test, attempted to determine the difference between the strength and amount of contraction of the facial musculature caused by a supramaximal electrical stimulus.[13] [150] 
However, the maximal stimulation test is difficult to quantitate and is more subject to interobserver variation than is the minimal stimulation test.[140] 

Electroneurography

Electroneurography (electroneuronography; ENOG) adds recording of the facial muscle action potential with surface or needle electrodes to the stimulation tests. Esslen[61] introduced the use of bipolar surface electrodes for stimulation and 



recording of responses. The two electrodes are moved independently to produce the maximum amplitude of response. The response is evaluated by comparing the peak-to-peak amplitude of the maximum response obtained for the two sides 
of the face.

Electromyography

Electromyography (EMG) measures muscle action potentials generated by spontaneous and voluntary activity. It is distinct from other electrodiagnostic tests in which the activity is generated by active stimulation of the nerve. Denervation 
potentials are seen 10 or more days after the onset of the palsy; therefore, they are of limited value in determining early prognosis of facial paralysis. However, the loss of voluntary motor units within the first 3 to 4 days of paralysis suggests 
a poor prognosis.[140] Conversely, retention of voluntary motor activity past the seventh day suggests that complete degeneration will not occur. Sittel and Stennert[217] found the detection of spontaneous fibrillation by needle EMG had an 80% 
accuracy in predicting a poor outcome 10 to 14 days after onset of paralysis. Unfortunately, this is too late to be useful in surgical decision making.

NERVE CONDUCTION VELOCITY

Nerve conduction velocity can be measured between the stylomastoid foramen and the mandibular branch of the facial nerve. There is a strong correlation between decrease in nerve conduction velocity and decrease in the compound nerve 
action potential measured by electroneuronography during the first 2 weeks after the onset of paralysis.[121] Normal facial nerve conduction velocity ranges between 37 and 58 m/sec, and conduction velocities in this range uniformly had good 
outcomes. Conduction velocities between 20 and 30 m/sec have a 50% chance of significant residual paresis or synkinesis, and those <10 m/sec had poor outcomes.

Interpretation of Electrical Tests

All electrical stimulation tests have the same fundamental weakness (i.e., inferences are made on the basis of tests on the nerve distal to the site of injury within the temporal bone). Therefore, there is an inherent delay between the onset of 
the injury and the development of sufficient degeneration of the distal segment of the nerve to be discovered by the tests. Only intraoperative monitoring, with stimulation proximal to the lesion, provides direct information about the state of 
the nerve at the site of the lesion. New experimental techniques, including antidromic stimulation and magnetic stimulation, hold some promise for circumventing this limitation.
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Excellent recovery of facial function always occurs when the decline in the compound action potential (CAP) as measured by ENOG does not reach 90%, and one-half of patients who do reach this level of degeneration also have excellent 
outcomes.[66] [216] The problem is how to identify patients who will not have good recovery, and at least a partial answer lies in the combination of ENOG with standard EMG. Patients who maintain recordable voluntary motor potentials despite 
a severe depression of the CAP have excellent prognoses.[216] This may be explained by severe desynchronization of the motor units, causing a reduced or absent CAP.

Electromagnetic Stimulation of the Facial Nerve

Facial nerve testing with electromagnetic stimulation has also been explored. Benecke and others[32] could stimulate the nerve with cortical (supranuclear) electromagnetic discharges, demonstrating that the nerve could be stimulated 
transsynaptically. Direct stimulation of the facial nerve with electromagnetic stimulation also has been described. On the basis of latencies of compound muscle action potentials from magnetic and electrical stimulation of the facial nerve, 
several authors concluded that the root entry zone of the facial nerve was the most likely site of excitation with magnetic stimulation.[196] [213] These data are tantalizing, because the ideal test of the facial nerve would stimulate the nerve medial 
to the presumed site of the conduction block in the labyrinthine segment. Meyer and others[162] found an absence of electromagnetic responses to be the earliest sign of nerve conduction block in patients with Bell's palsy and that 
electromagnetic stimulation could differentiate between central and peripheral nerve lesions.

It is not yet clear, however, whether magnetic stimulation will be a useful predictive test, because there are significant discrepancies between the response to magnetic stimulation and clinical findings. Patients with incomplete palsies may 
have complete loss of response from magnetic stimulation.[43] Loss of response to electromagnetic stimulation occurs in more patients with Bell's palsy than does loss of electrical stimulation,[196] and it may persist after facial function has 
clinically recovered.[32] [81] Electromagnetic stimulation may have predictive value in the first 4 days after the onset of paralysis; Rimpilainen and others[196] found that patients with a response to magnetic stimulation had significantly better 
outcomes than nonstimulatable patients. More data are needed to determine whether electromagnetic stimulation will be a useful prognostic test.

Imaging of the Facial Nerve

Gadolinium-enhanced MRI has been used to study the peripheral facial nerve in Bell's palsy. Enhancement of the facial nerve is a common finding in healthy persons, making evaluation of facial nerve findings on MRI difficult. The most 
consistent area of enhancement in Bell's and herpetic palsy is the distal meatal and labyrinthine segments.[58] [209] Sartoretti-Schefer and others[209] hypothesized the gadolinium enhancement resulted from breakdown of the blood-brain barrier or 
from venous congestion in the epineurium. However, the location or degree of enhancement does not correlate with the recovery of facial movement.[58] [130] In a recent report that used high-resolution gadolinium-enhanced MRI with surface 
coils, Kress and others[131] were able to differentiate 3 patients with poor outcomes from 17 who recovered on the basis of the intensity and wide distribution of enhancement. The development of more detailed MRI imaging may prove useful 
in determining the prognosis of Bell's palsy.[242] 

Prognosis and Statistics

The prognosis for most patients with Bell's palsy is excellent: 80% to 90% recover completely.[12] [124] Peitersen[182] reported 0 of 1505 patients followed without management had permanent complete paralysis, and 17 had moderate to severe 
sequelae (contracture, synkinesis, palsy). Many large series of patients with Bell's palsy have been analyzed to identify prognostic factors that have a significant impact on outcome. The most important is whether the paralysis is incomplete 
or complete. The prognosis for persons who never have complete facial paralysis develop is excellent: 95% to 100% recover with no identifiable sequelae.[124] [218] 

The many reports available in the literature are difficult to compare, because they use different criteria for inclusion and evaluation of outcome. Stankiewicz[221] collated the outcome from nine reports, including the large series of Park and 
Watkins[178] and Peitersen.[181] The overall results from these series was 53% complete recovery, 44% partial recovery, and only 3% no recovery. The results in the general population are probably better than those in these studies.

Other factors associated with poor outcome include hyperacusis; decreased tearing; age older than 60 years; diabetes mellitus; hypertension; and severe aural, anterior facial, or radicular pain.[17] [18] Abraham-Inpijn and others,[2] however, 
compared outcome in 200 patients by use of several potential prognostic factors, including severity of the facial paralysis, mean arterial pressure, age, clinical or chemical diabetes mellitus, and history of hypertension. Only the severity of the 
paralysis at its maximum extent and the mean arterial pressure at presentation proved statistically significant. Peitersen[182] noted a correlation between the sequelae (synkinesis, contracture) and the interval between paralysis and the onset of 



recovery.
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Management

Management of Bell's palsy has had a long, complex evolution that is not yet complete. Methods currently advocated include observation, corticosteroids, surgical decompression, and antiviral agents.

The use of corticosteroids in Bell's palsy was first proposed by Rothendler.[201] Since then, corticosteroids have become the most common management for Bell's palsy.[22] Adour and Winge[7] [15] stated that although prednisone does not reduce the 
number of patients with partial denervation or contracture or synkinesis, it reduces the number of patients with complete denervation, therefore making the disease less severe. There are numerous prospective and retrospective studies on the 
effectiveness of corticosteroids in Bell's palsy. In a meta-analysis, Ramsey and others[192] found two studies with sufficient numbers of patients and rigor for analysis and concluded that treated patients had a 17% better chance of complete 
recovery than placebo or untreated patients. Their analysis of a larger number of studies concluded that the odds of recovery with steroid treatment ranged between 49% and 97% vs 23% and 64% for untreated patients. There is no consensus 
concerning the dose or duration of steroid treatment.

The case for steroid treatment in children in less clear. Neither Prescott[185] nor Uvuvar and others[234] found a beneficial effect of corticosteroids for Bell's palsy in children. Salman and MacGregor[205] came to the same conclusion in their 
systematic review of the literature.

Patients with Bell's palsy are commonly treated with antiviral agents in addition to prednisone,[190] although once again definitive proof of efficacy is lacking. The strongest study supporting the use of acyclovir was performed by Adour and 
others,[19] who compared acyclovir plus steroids to steroids alone. Grogan and Gronseth[87] interpreted the Adour data, suggesting that the acyclovir-treated group was 1.22 times as likely to attain a good outcome as the control group; or the 
likelihood of a good outcome is increased from 80% to 98% with the addition of the antiviral agent. Another study by De Diego[47] compared acyclovir with a single dose of prednisone and found a negative impact on the acyclovir-alone 
group, thus antivirals should be considered in addition to, but not as a substitute for, steroids in Bell's palsy.

Surgical therapy is more controversial, because, unlike corticosteroids, additional injury may occur. Early enthusiasm for transmastoid decompression of the tympanic and mastoid segments of the facial nerve has waned,[244] and the procedure 
has been abandoned,[147] because randomized trials showed no benefit[147] and because of evidence that the site of the lesion is in the proximal labyrinthine portion of the facial nerve, which is inaccessible through the mastoid.[65] 

The efficacy of surgical decompression of the meatal foramen and labyrinthine segment of the facial nerve in patients with poor prognosis as shown by ENOG testing is promising, but it has been difficult to assemble a large enough series to 
definitively establish its value in randomized trials. Fisch[65] compared 14 surgical patients with 90% or more degeneration as shown by electroneuronography within 3 weeks of the onset of paralysis with 13 similar patients who refused 
surgery. He found a subtle but statistically significant improvement in the long-term facial recovery in the operative group. Sillman[216] found a shift toward grades I and II recovery in patients with >90% degeneration who underwent surgical 
decompression vs those managed with corticosteroids alone. In the most well-controlled study of middle fossa decompression of the facial nerve in Bell's palsy, Gantz and others[77] evaluated the outcome when ENOG showed >90% 
degeneration and there were no voluntary motor unit potentials on electromyography within 2 weeks of onset of paralysis. Ninety-one percent of surgical patients achieved House-Brackmann grade I or II recovery vs a 42% chance of these 
same results with steroids alone. Graham and Kartush[83] reported six patients with recurrent facial paralysis, one of whom had Melkersson-Rosenthal syndrome. None of these patients had recurrent facial paralysis after total seventh nerve 
decompression from the stylomastoid foramen to the internal auditory canal. Thus, surgical decompression remains in the armamentarium for the management of facial paralysis, but timing and appropriate patient identification remain 
difficult.

Persistent synkinesis can be a problem for many patients recovering from severe degeneration of the facial nerve regardless of the cause. Roggenkamper and others[198] emphasized the usefulness of periocular botulinum toxin to relieve 
involuntary eye closure.

SPECIAL CASES OF FACIAL PARALYSIS

Ramsay Hunt Syndrome

Ramsay Hunt syndrome (herpes zoster facial paralysis) differs from Bell's palsy, because it is associated with VZV (as shown by rising titers of antibodies to VZV) and the presence of skin vesicles on the pinna, retroauricular area, face, or 
mouth. Compared with Bell's palsy, Ramsay Hunt syndrome generally causes more severe symptoms, and patients have a higher risk of complete nerve degeneration developing.[10] 

Varicella, or chickenpox, is the manifestation of the primary infection by VZV (HSV, varicellae) in a nonimmune host. Herpes zoster is the manifestation of this same virus in a partially immune host. Serologic and epidemiologic data 
strongly suggest that
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VZV represents the reactivation of a latent virus rather than reinfection. After the primary infection, the virus probably travels to the dorsal root to extramedullary CN ganglia, where it remains dormant until it is reactivated. Reactivation 
generally occurs during a period of decreased cell-mediated immunity. VZV is the second most common cause of facial paralysis. The incidence of herpes zoster in patients with peripheral facial palsy is 4.5% to 9%.[52] A Mayo Clinic study[189] 
estimated the annual incidence of herpes zoster as 130 cases per 100,000. The incidence increased dramatically in patients older than age 60; 10% of this population had identifiable risk factors for decreased cell-mediated immunity, 
including carcinoma, trauma, radiotherapy, or chemotherapy. The increased incidence in the elderly is explained by an age-related decrease in cellular immune response to VZV.[37] 

Compared with Bell's palsy, the severity of the paralysis is worse and the prognosis poorer in herpes zoster oticus. Peitersen[180] reported full recovery in only 22% of patients, and Devriese[51] found complete recovery in only 16%. As in Bell's 
palsy, the recovery is in part predicted by the severity of the paralysis. Complete recovery occurred in only 10% of patients after complete loss of facial function and in about 66% after incomplete loss.[52] 

The timing of the appearance of the vestibular eruption may have prognostic significance. In most cases, eruption and paralysis occur simultaneously. In approximately 25% of cases, the eruption precedes the paralysis; these patients have a 
higher likelihood of recovery.[52] Patients with Ramsay Hunt syndrome also are more likely than patients with Bell's palsy to have associated CN symptoms, including hyperacusis, hearing loss, and pain.[197] Ramsay Hunt syndrome can be 
under diagnosed on the basis of initial presentation. In approximately 10% of patients, the vesicular rash appears well after the initial facial paralysis, and many patients have a rise in antibody to the VZV without ever having cutaneous or 



mucous membrane vesicles develop so-called Ramsay Hunt sine herpete.

Severe ocular complications can occur with herpes zoster ophthalmicus. These complications include uveitis, keratoconjunctivitis, optic neuritis, and glaucoma and are almost always associated with involvement of the ophthalmic division of 
the trigeminal nerve. Herpes zoster ophthalmicus may be difficult to differentiate from the localized skin rash associated with HSV. Although both conditions may cause keratitis, differentiation between them is extremely important, because 
topical corticosteroids are used to manage herpes zoster but are contraindicated in HSV. Ophthalmologic consultation for biomicroscopy, staining, cytologic studies, and viral isolation studies may differentiate these two conditions.[142] Adour[7] 
stated that aside from concerns about ophthalmic involvement, the development of skin vesicles before or after initiation of prednisone does not contraindicate corticosteroid use.

Management of patients with herpes zoster, including cephalic zoster, is systemic corticosteroids.[195] A specific benefit of corticosteroid therapy is a reduction of postherpetic neuralgia. The usefulness of corticosteroids in fostering the 
recovery of facial paralysis is controversial; however, early institution of corticosteroids seems to relieve acute pain, reduce vertigo, and decrease the incidence of postherpetic neuralgia.[14] [126] 

The antiviral agent acyclovir is also recommended to treat herpes zoster facial paralysis.[11] [109] Acyclovir is a nucleotide analog that interferes with herpes virus DNA polymerase and inhibits DNA replication. The drug is preferentially taken 
up by HSV-infected cells, making the drug nearly nontoxic to noninfected cells. Early return of facial function after acyclovir management has been reported by some authors,[11] [109] but no beneficial effects were reported by others.[211] At the 
least, management with acyclovir seems to lessen pain and promote resolution of the vesicles.

Congenital Facial Paralysis

The incidence of facial paralysis in newborns has been estimated at 0.23% of live births.[159] The first dilemma in managing facial palsy in an infant or young child is differentiating between true congenital paralysis and birth trauma. The 
differential diagnosis of congenital facial palsy is shown in Box 147-1 . Birth trauma usually causes isolated facial paralysis and other signs of injury, including facial swelling, ecchymosis, or hemotympanum. Abnormalities of other CNs or 
abnormalities on brainstem audiometry (prolongation of the I to III or I to V interval) suggest that the facial paralysis is congenital and not traumatic.[151] 

Of facial paralysis cases in infants, 78% are related to birth trauma. These cases are equally divided between forceps deliveries and vaginal deliveries plus cesarean sections,[100] [219] suggesting that intrauterine facial nerve injury can occur from 
pressure on the infant's face by the sacral prominence during birth. Supranuclear palsy secondary to intracranial hemorrhage also has been reported.[175] 

The mildest form of congenital facial dysfunction is congenital unilateral lower lip palsy, in which the defect is limited to an absence of depressor labii inferioris muscle activity. It is associated with a lesion of the brainstem. [184] Möbius' 
syndrome represents a broad spectrum of clinical and pathologic findings ranging from isolated unilateral facial paralysis to bilateral absence of facial and abducens nerve function.
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Multiple other cranial nerves, including the glossopharyngeal, vagus, hypoglossal, and other extraocular motor nerves, may also be affected.[225] Forty-three percent of children with Möbius syndrome have a history of some significant event in 
utero.[79] Pastuszak and others [179] reported 49% of Möbius syndrome in Brazil associated with the use of the prostaglandin E1 analog misoprostol. These abnormalities may be associated with several limb and head and neck developmental 
abnormalities, including congenital absence of the pectoralis major muscle (Poland-Möbius' syndrome).[105] [165] Pathologic examination of the brain and brainstem of patients with Möbius' syndrome shows various abnormalities, including 
dysgenesis or hypoplasia of the CN nuclei, brainstem infarction, and primary hypoplasia of the facial musculature.[94] [225] Saito and others[204] studied nine temporal bones from patients with Möbius' syndrome, and all showed a rudimentary facial 
nerve that disappeared midway through its course in the temporal bone.

 
 

Box 147-1. CONGENITAL FACIAL PARALYSIS

 
Congenital 

Mononeural agenesis 
 
Congenital facial paralysis 
 
Congenital unilateral lower lip palsy 
 
Facial paralysis with other deficits 
 
Möbius' syndrome (VI, VII, bilateral) 
 
Hemifacial microsomia 
 
Oculonuriculovertebral dysplasia 
 
Poland's syndrome (agenesis pectoralis major muscle) 
 
Secondary to teratogens 
 
Thalidornide 
 



Rubella 
 

 
Acquired 

Birth trauma 
 
Porceps injury 
 
Pressure from maternal sacrum 
 
Pressure from fetal shoulder 
 
Intracranial hemorrhage 
 
Idiopathic 
 
Bell's pulsy 
 
Systemic or infectious disease 
 
Melkersson-Rosenthal syndrome 
 
Poliomyelitis 
 
Infectious mononucleosis 
 
Varicella 
 
Acute otitis media 
 
Meningitis 
 

 
Modified from Harris JP and others: Evaluation and treatment of congenital facial paralysis, Arch Otolaryngol 
109:145, 1983.

 
 
Computed tomography (CT) and surgical findings show that the lesion occurs most commonly in the distal portion of the mastoid segment of the facial canal. At this site, the diameter of the bony fallopian canal becomes narrow, and the 
nerve becomes little more than a fibrous band.[94] EMG studies in these cases usually show few motor units, although facial function is usually not clinically useful.

Multiple CN palsies including facial palsy are seen in CHARGE association (colobomata, heart disease, atresia of choanae, retarded growth, genital hypoplasia, ear anomalies and deafness). Of CHARGE-associated cases, 75% have at least 
one CN involved, and 58% have two or more CNs involved. The most frequently involved are the auditory nerve in 60%, the facial nerve in 43%, and the glossopharyngeal vagus nerve in 30%. [38] 

Habilitation of the face in congenital facial paralysis is usually with temporalis muscle transfer, tarsorrhaphy, upper eyelid gold weights, and free muscle transfers. Surgical exploration and decompression of the facial nerve is rarely useful.[145] 

Spontaneous Facial Paralysis in Children

Bell's palsy is uncommon in children; 8% of patients in the series by Peitersen[181] and only 2% in the series by Adour and others[18] were younger than 10 years old. Manning and Adour[141] and Prescott[185] found a female preponderance in this 
group.

The prognosis for children with Bell's palsy is uncertain. Peitersen, [181] Taverner,[230] and Prescott[185] reported a high rate of spontaneous recovery in children with Bell's palsy, in part related to the high frequency of incomplete paralysis. Inamura 
and others[107] found 97% of 58 cases recovered completely and concluded that corticosteroids had no impact on recovery. However, Alberti and Biagioni[20] and Manning and Adour[141] reported that a significant percentage of children did not 
recover from their facial paralysis. Jenkins and others[114] and Prescott[185] argued that the prognosis was determined by the amount of nerve degeneration revealed by electrophysiologic testing and that children and adults with similar electrical 
testing results had similar outcomes.

Familial Facial Paralysis

Adour and others[18] reported 8% of patients with Bell's palsy had a positive family history, and Willbrand and others[241] reported a 6% incidence. In addition, there are sporadic reports of families with several affected members, usually each 
experiencing several attacks. Cawthorne and Haynes[40] reported on two brothers, one of whom had five episodes of Bell's palsy and the other three. DeSanto and Schubert[49] reported 10 cases of Bell's palsy in a family over 83 years; Wilbrand 
and others[241] reported a family with 29 cases of Bell's palsy over 40 years. Samuel[207] reported a child who
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experienced four episodes of Bell's palsy involving both sides of the face; the child's father had six episodes of unilateral Bell's palsy. Amit[23] described a family tree in which only women (the patient, her mother, maternal aunt, and maternal 
grandmother) had Bell's palsy. Three of the four had the onset during puberty, suggesting that hormonal influence may have been important. These sporadic cases are insufficient to determine conclusively a genetic influence. However, these 
cases often have an early age of onset, are recurrent, and have an excellent prognosis.

Recurrent Paralysis

Adour and others[18] found that 9.3% of patients with Bell's palsy had a history of previous paralysis. Similarly, Hallmo and others[92] reported that 10.9% of patients had a history of a previous facial paralysis (about equally on the ipsilateral or 
contralateral sides). Prescott[185] reported that 20 of 228 children (9%) younger than 18 years with Bell's palsy had a history of previous paralysis on the same side, and eight had contralateral paralysis. The interval between the two attacks was 
usually more than 1 year.[245] Perhaps the record for recurrent facial paralysis was a woman who had >50 episodes of unilateral lower facial paralysis after exposure to the disinfectant chlorocresol. [55] The age distribution of patients with 
recurrent facial palsy was the same as that of the overall population with Bell's palsy,[18] except for those with ipsilateral recurrent palsies, which may be associated with a younger age of onset.[245] Several reports noted a slight female 
predominance in recurrent facial palsy.[53] [245] Diabetes mellitus was present in 39% of patients with recurrent paralysis in one study[18] but only in 4% in another.[92] 

Controversy continues as to whether the prognosis for recurrent facial palsy is better or worse on subsequent attacks. Several authors stated that the second attack has a poorer prognosis and thus constitutes a stronger indication for surgical 
decompression.[25] Most other authors, however, found no prognostic difference between the primary and subsequent attacks of facial paralysis and no difference whether the second attack occurred on the ipsilateral or contralateral side.[92] 

Recurrence of facial palsy should prompt a careful investigation of the patient. May and others[147] found a tumor in 8 of 40 (20%) of patients with a second palsy on the same side.

Bilateral Facial Paralysis

Bilateral idiopathic facial paralysis is much less common than unilateral paralysis and occurs in only 0.3% to 2% of patients.[214] Bilateral facial paralysis has a much higher incidence of systemic causes than unilateral palsy and should spur a 
diligent search for an underlying cause.[156] The diseases most commonly associated with bilateral facial paralysis are Guillain-Barré syndrome, Bell's palsy, multiple idiopathic cranial neuropathies, brainstem encephalitis, benign intracranial 
hypertension, syphilis, leukemia, sarcoidosis, Lyme disease, and bacterial meningitis.[72] [125] The possibility of intrapontine and prepontine tumor also should be excluded.[125] Most of these conditions are associated with other systemic or 
neurologic signs that suggest the appropriate diagnosis.

Guillain-Barré syndrome is a progressive ascending motor paralysis after a viral infection that usually affects the lower limbs. However, rare bulbar, myelitic, and cerebral forms of Guillain-Barré do not affect the limbs. Of the CNs, the 
facial nerve is the third most commonly affected after the glossopharyngeal and vagus.[97] The diagnosis is based on the typical clinical picture and the presence of elevated spinal fluid protein but a normal cell count. Other conditions 
associated with facial diplegia include influenza,[27] infectious mononucleosis, [33] other viruses,[212] and diabetes.[95] Heerfordt's syndrome (parotid enlargement, iridocyclitis, and CN palsy) associated with sarcoidosis can cause bilateral facial 
paralysis.

The workup for a patient with bilateral facial paralysis should include a careful neurologic examination to detect other cranial neuropathies, a lumbar puncture for cytologic studies, chemistry, culture, a Venereal Disease Research Laboratory 
test for syphilis, and an MRI to exclude space-occupying lesions.[191] 

The disability caused by bilateral facial paralysis is dramatically more severe than that caused by unilateral paralysis. Aggressive eye care with ointment, taping, or patching is usually required, but this approach significantly interferes with 
visual function. Bilateral paralysis of the lower lip leads to a characteristic speech impairment, oral incompetence, and drooling. In severe cases, dental sequelae can occur from inadequate circulation of saliva.[229] The psychological impact can 
be devastating, because these patients are incapable of voluntary or emotional expression.[222] Recovery in bilateral Bell's palsy is similar to that in unilateral palsy, although one side may recover before the other.[199] 

Progressive Paralysis

Slowly progressive facial paralysis is not Bell's palsy. The differential diagnosis includes primary neuromas of the facial nerve ( Figure 147-2 ); metastases from squamous cell carcinomas and melanomas of the face and scalp; and 
occasionally distant metastases from kidney, breast, lung, and prostate. [90] Progressive facial
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Figure 147-2 Axial CT of the right temporal bone shows enlargement of the mastoid segment of the fallopian canal (arrow) in the child with progressive facial paralysis. The lesion was a neuroma of the facial nerve. 

 

Figure 147-3 An axial CT of the temporal bone showing a transverse fracture of the temporal bone through the vestibule and geniculate ganglion. 



 

Figure 147-4 A coronal CT of the temporal bone showing a transverse fracture of the temporal bone through the cochlea and traversing the fallopian canal in the tympanic portion of the facial nerve. 
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Chapter 148 - INTRATEMPORAL FACIAL NERVE SURGERY

Bruce J. Gantz 
Jay T. Rubinstein 
Ravi N. Samy 

INTRODUCTION

Advances in surgical instrumentation and refinements of surgical strategies have enabled the otologist to expose safely the entire course of the facial nerve from the brainstem to its exit from the temporal bone. Surgical management of facial 
nerve disorders, however, continues to be as controversial as it was in the days of Cawthorne and Kettel. Successful management of the disease processes that cause facial nerve dysfunction requires thorough knowledge of the 
pathophysiology of the disease process and accurate assessment of the degree of nerve injury. Newer diagnostic tools (e.g., electroneurography [ENOG], high-resolution computed tomography [CT], magnetic resonance imaging [MRI]), 
provide more precise assessment and localization of nerve injuries in many disorders. This has allowed more accurate preoperative planning and selection of the most expeditious surgical approach to the nerve injury site when surgery is 
appropriate. This chapter describes surgical approaches in detail, including the advantages and disadvantages of each.

SURGICAL ANATOMY

Thorough knowledge of the intricate, convoluted course of the facial nerve and its anatomic relationship to other vital structures is essential to the surgeon who plans to operate in this area. The facial nerve (cranial nerve [CN] VII) exits the 
brainstem at the pontomedullary junction approximately 1.5 mm anterior to the vestibulocochlear nerve (CN VIII). The facial nerve is smaller in diameter (approximately 1.8 mm) than the oval CN VIII (approximately 3 mm in the longer 
diameter). A third smaller nerve, the nervus intermedius, emerges between CNs VII and VIII and eventually becomes incorporated within the sheath of CN VII. After leaving the brainstem, the CN VII follows a rostrolateral course through 
the cerebellopontine cistern for 15 to 17 mm, entering the porus of the internal auditory canal (IAC) of the temporal bone ( Figure 148-1 ). Other important structures in the cerebellopontine cistern include the anterior inferior cerebellar 
artery (AICA) and the veins of the middle cerebellar peduncle. The AICA passes near or between CNs VII and VIII; the veins are more variable in position and number. On entering the IAC, the facial nerve occupies the anterosuperior 
quadrant of this channel for 8 to 10 mm. Then it enters the fallopian canal at the fundus of the IAC. The IAC is anterior to the plane of the superior semicircular canal, with which it subtends an angle of approximately 60 degrees. At the 
entrance of the fallopian canal (meatal foramen), CN VII narrows to its smallest diameter, 0.61 to 0.68 mm.[12] Only the pia and arachnoid membranes form a sheath around the nerve at this point because the dural investment terminates at the 
fundus of the IAC. Some authors[6] [10] believe that the small diameter of the meatal foramen is an important factor contributing to the cause of facial paralysis in certain diseases, such as Bell's palsy and Ramsay Hunt syndrome.

The intratemporal course of the facial nerve has three distinct anatomic segments: the labyrinthine, tympanic, and mastoid. The labyrinthine segment is shortest (approximately 4 mm), extending from the meatal foramen to the geniculate 
ganglion. This segment travels anterior, superior, and lateral, forming an anterior medial angle of 120 degrees with the IAC. Anteroinferior to the labyrinthine segment, the basal turn of the cochlea occupies a close relationship to the 
fallopian canal. At the lateral end of the labyrinthine segment, the geniculate ganglion is found, and the nerve makes an abrupt posterior change in direction, forming an acute angle of approximately 75 degrees. Anterior to the geniculate, the 



greater superficial petrosal nerve exits the temporal bone through the hiatus of the facial canal. The hiatus of the facial canal
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Figure 148-1 Course and relationships of the facial nerve from the pontomedullary junction to the stylomastoid foramen. AICA, anterior inferior cerebellar artery. 

 

Figure 148-2 Plastic draping with exposure of hemiface allows visualization of facial movements in addition to electromyographic monitoring. 

 

Figure 148-3 A popular commercially available nerve monitoring system. Stimulus intensity to the stimulator probe can be varied, as can the sensitivity of monitoring response. 

 

Figure 148-4 Placement of electromyographic electrodes in orbicularis oculi and orbicularis oris muscles. Ground electrodes are placed in the procerus muscle. 

 

Figure 148-5 Skin incision for the retrolabyrinthine surgical approach. 



 

Figure 148-6 Exposure of the left retrolabyrinthine approach before retraction and dural incision, as viewed by the surgeon. 

 

Figure 148-7 Dural incision for left retrolabyrinthine exposure. 

 

Figure 148-8 Left retrolabyrinthine exposure after retraction of the dural flap. AICA, anterior inferior cerebellar artery; CN, cranial nerve. 



 

Figure 148-9 Retrosigmoid craniotomy. The skin flap is reflected anteriorly, exposing the mastoid and the cerebellar cortical bone. Craniotomy (approximately 4×4 cm), exposing the sigmoid sinus anterior (S), transverse sinus superior (T), 
and cerebellar dura (C). 

 

Figure 148-10 A dural incision (2–3 cm) can be straight or curvilinear; 4-0 Neurolon suture retracts anterior leaf of dural incision. 

 

Figure 148-11 Retrosigmoid exposure. The cerebellum has been retracted from the cerebellar plate of the temporal bone (TB), exposing the neurovascular bundle (N). Cranial nerve (CN) VII is directly deep and slightly cephalad to CN VIII 
(N). 



 

Figure 148-12 Surgical position illustrating a skin incision (solid line) for the middle cranial fossa approach. Dashed line, mastoid extension for total facial nerve exposure. Dotted line, extent of the muscle periosteal flap. 

 

Figure 148-13 Surgical view of the left middle cranial fossa exposure after craniotomy, temporal lobe retraction, and bony exposure are complete. 

 

Figure 148-14 Bone chip and temporalis fascia placement for tegmen reconstruction and dural closure of the middle cranial fossa approach. 

 



TABLE 148-1 -- MIDDLE CRANIAL FOSSA DECOMPRESSION OUTCOMES IN PATIENTS WITH BELL'S PALSY (ELECTRONEUROGRAPHY >90% DEGENERATION)

Grade Iowa Patients (n) Michigan[14] Patients (n) Baylor[10] Patients (n) Total Patients (n)

I 3 5 0 •8

II 7 2 6 15

III 1 1 0 •2

IV 0 1 0 •1
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TABLE 148-2 -- CORTICOSTEROID OUTCOMES IN PATIENTS WITH BELL'S PALSY (ELECTRONEUROGRAPHY >90% DEGENERATION)

Grade Iowa Patients (n) Michigan[14] Patients (n) Total Patients (n)

I 0 •5 •5

II 3 •6 •9

III 5 12 17

IV 0 •2 •2
 
grade I or II significantly more often than those managed with corticosteroids alone (P < .024; Fisher's exact test).[11] 

Transmastoid Approach: Geniculate Ganglion to Stylomastoid Foramen

Technique

A postauricular incision is used to expose the mastoid cortex. A complete mastoidectomy is performed, and the lateral semicircular canal, tegmen mastoideum, sigmoid sinus, and digastric ridge are identified. The lateral semicircular canal 
and digastric ridge are important landmarks for identification of the facial nerve. The tympanic segment of the nerve is immediately inferior to the lateral canal, and the anterior margin of the digastric ridge marks the location of the 
stylomastoid foramen. The short process of the incus is identified but should not be disturbed by an instrument or a rotating burr. The facial recess is opened with a small diamond burr ( Figure 148-15 ). This allows 

 
Figure 148-15 Transmastoid facial nerve exposure of the left ear after opening of the facial recess. 

 

Figure 148-16 The final thin layer of bone covering the facial nerve is removed with a delicate but sturdy blunt elevator. 



 

Figure 148-17 Left translabyrinthine exposure of the semicircular canals. CN, cranial nerve. 

 

Figure 148-18 Completed left translabyrinthine exposure. CN, cranial nerve. 

 

Figure 148-19 Placement of the temporalis fascia at the time of closure of the left translabyrinthine exposure. 

 



Figure 148-20 Facial nerve exposure for rerouting, as used in glomus jugulare tumor resection. 

 

Figure 148-21 Appearance after rerouting of the facial nerve. 

 

TABLE 148-3 -- REPAIRED FACIAL NERVE RECOVERY SCALE (RFNRS)

Score Function

A Normal facial function

B Independent movement of eyelids and mouth, slight mass motion, slight movement of the forehead

C Strong closure of eyelids and oral sphincter, some mass motion, no forehead movement

D Incomplete closure of eyelids, significant mass motion, good tone

E Minimal movement of any branch, poor tone

F No movement
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Of the resection and grafting group, the best facial function noted postoperatively was grade C (six patients), which is roughly equivalent to House-Brackmann grade III. Three patients had a grade D function. One patient had a grade E 
function and one a grade F function. Of significance, none of these patients developed a preferred grade A or B function.

Observation of intrinsic facial nerve tumors is possible, especially for patients with House-Brackmann grade I or II facial function. Surgical decompression is an option for patients with House-Brackmann grades II to III facial function. 
Resection and grafting is recommended for those with grade IV function or worse. Conservative management with either observation or decompression is often an appropriate option because the best facial nerve function result after resection 
and grafting is a grade C on the RFNRS, due to the presence of mass motion. Nonetheless, treatment is individualized.

 
 
REFERENCES  
 
1. Angeli SI, Brackmann DE: Is surgical excision of facial nerve schwannomas always indicated? Otolaryngol Head Neck Surg 117:S144–S147, 1997.  
 



2. Chiang CW and others: Multicentricity of intraparotid facial nerve schwannomas, Ann Otol Rhinol Laryngol 110:871–874, 2001.  
 
3. Fenton JE and others: Bilateral facial nerve schwannomas, Eur Arch Otorhinolaryngol 256:133–135, 1999.  
 
4. Fisch U: Current surgical treatment of intratemporal facial palsy, Clin Plast Surg 6:377, 1979.  
 
5. Fisch U: Prognostic value of electrical tests in acute facial paralysis, Am J Otol 6:494, 1984.  
 
6. Fisch U: Surgery for Bell's palsy, Arch Otolaryngol Head Neck Surg 107:1, 1981.  
 
7. Fisch U, Pillsbury HC: Infratemporal fossa approach to lesions in the temporal bone and base of skull, Arch Otolaryngol Head Neck Surg 105:99, 1979.  
 
8. Gantz BJ: Idiopathic facial paralysis, Curr Ther Otolaryngol Head Neck Surg 3:62, 1987.  
 
9. Gantz BJ: Intraoperative facial nerve monitoring, Am J Otol (Suppl) 6:58, 1985.  
 
10. Gantz BJ, Gmur A, Fisch U: Intraoperative evoked electromyography in Bell's palsy, Am J Otolaryngol 3:273, 1982.  
 
11. Gantz BJ, Rubinstein J, Gidley P and others: Surgical management of Bell's palsy, Laryngoscope 109:1177–1188, 1999.  
 
12. Ge XX, Spector GJ: Labyrinthine segment and geniculate ganglion of the facial nerve in fetal and adult temporal bones, Ann Otol Rhinol Laryngol 90:1, 1981.  
 
13. Gidley PW, Gantz BJ, Rubinstein J: Facial nerve grafts: from cerebellopontine angle and beyond, Am J Otol 20:781–788, 1999.  
 
14. Glasscock M, Shambaugh G: Facial nerve surgery. In Surgery of the ear, ed 4, Philadelphia, 1990, WB Saunders, pp 434–465.  
 
15. House W: Surgical exposure of the internal auditory canal and its contents through the middle cranial fossa, Laryngoscope 71:1363, 1961.  
 
16. Kertesz TR and others: Intratemporal facial nerve neuroma: anatomical location and radiological features, Laryngoscope 111:1250–1256, 2001.  
 
17. Marsh MA, Coker NJ: Surgical decompression of idiopathic facial palsy, Otolaryngol Clin North Am 24:675–689, 1991.  
 
18. May M, Klein SR, Taylor FH: Idiopathic (Bell's) facial palsy: natural history defies steroid or surgical treatment, Laryngoscope 95:406, 1985.  
 
19. McMenomey SO and others: Facial nerve neuronal presenting as acoustic tumors, Am J Otol 15:307–312, 1994.  
 
20. Milesi H: Facial nerve suture. In Fisch U, editor: Facial nerve surgery, Birmingham, Alabama, 1977, Aesculapius Publishing.  
 
21. Perry BP, Gantz BJ: Diagnosis and management of acute facial palsies. In Meyers EN, Bluestone CD, Bruckmann DE and others, editors: Advances in Otolaryngology-Head and Neck Surgery, vol 13, St Louis, 1999, Mosby, pp 127–162.  
 
22. Rubinstein JT, Gantz BJ: Facial nerve disorders. In Hughes GB, and Pensak, ML, editors: Clinical Otology, New York, 1997, Thieme, pp 367–380.  
 
23. Sillman JS and others: Prognostic value of evoked and standard electromyography in acute facial paralysis, Otolaryngol Head Neck Surg 107:377, 1992.  
 
24. Silverstein H, Norrell H: Retrolabyrinthine surgery: a direct approach to the cerebellopontine angle, Otolaryngol Head Neck Surg 88:462, 1980.  
 
25. Wexler DB, Fetter TW, Gantz BJ: Vestibular schwannoma presenting with sudden facial paralysis, Arch Otolaryngol Head Neck Surg 116:483–485, 1990.  
 
26. Yamamoto E, Fisch U: Experiments on facial nerve suturing, Otorhinolaryngol Relat Spec 36:193, 1974.  
 

3372

 

Part Fourteen - AUDITORY SYSTEM

 

3373

Chapter 149 - COCHLEAR ANATOMY AND CENTRAL AUDITORY PATHWAYS



Peter A. Santi 
Patrizia Mancini 

INTRODUCTION

This chapter provides a brief review of the anatomy of the cochlea and its corresponding central auditory pathways. Because there is great similarity between the basic anatomic features of the human cochlea and those in a variety of animals, 
the authors have chosen to use the chinchilla as an animal model.

HISTORICAL PERSPECTIVE

Detailed knowledge on the anatomy of the cochlea has long lagged behind that of other sensory systems because of technical difficulties in the examination of inner ear tissues. The cochlea can be described as a network of delicate 
membranous tissues that is suspended in fluids and surrounded by the hardest bone of the body. Examination of inner ear tissues has required specialized methods for its investigation. Two of the most useful methods are: dissection of entire 
mount, surface preparations of the organ of Corti/basilar membrane complex, and a more standard radial sectioning of the entire spiral-shaped organ. Alphonse Corti[34] first described the organ of Corti by use of surface preparations and radial 
sections ( Figure 149-1 ). His drawings, although revealing postmortem artifact, provided many accurate details of important structures of the membranous labyrinth, including the organ named in his honor. Corti's work inspired further 
studies by other investigators, including: Reissner, Deiters, Boettcher, Claudius, Hensen, and particularly Retzius,[148] who produced exquisitely detailed drawings of the cochlea ( Figure 149-2 ). A comparison of Retzius' drawings with 
micrographs of the cochlea produced using current technology reveals the great accuracy of his observations.

Increased knowledge of the structure of the cochlea was paralleled by a better understanding of its function, and various theories of hearing were proposed during the same period, including the resonance[67] and the telephone theory.[156] 
Subsequently, a number of investigators have substantially improved our understanding of the structure and function of the cochlea, including Bekesy[15] for the traveling wave; Engstrom and others[38] for a graphic description of hair cell 
damage by use of a map called the cochleogram; Davis[35] for the mechanoelectrical theory of hearing; and Smith[175] [177] for the ionic composition of endolymph. Further details on the historic development of knowledge of the anatomy and 
physiology of the cochlea has been provided by Hawkins. [65] 

COCHLEAR ANATOMY

Skull

In the chinchilla (C. laniger), the cochlea is contained within a large air-filled bulla ( Figure 149-3 ). The cochlea lies in a somewhat horizontal position relative to the axis of the skull. The chinchilla cochlea has an uncharacteristically thin 
otic capsule, large round and oval windows, and is well defined from the surrounding temporal bone. These features, combined with a relatively long life span, a broad frequency range, and a high sensitivity to acoustic trauma, are the 
primary reasons that the chinchilla has been an excellent animal model for hearing research studies.[24] [105] However, because of the enormous potential for genetic manipulation, the mouse is rapidly becoming the animal model of choice.

Osseous Labyrinth

The osseous labyrinth consists of bony structures that surrounds the internal membranous labyrinth and is best revealed in radial sections of the cochlea ( Figures 149-4 and Figure 149-5 ). The otic capsule is thin toward the middle ear cavity 
and is connected by means of septa to an internal bony tube called the modiolus. These bony septa contain three spirally arranged channels or scalae. The scala vestibuli begins at the oval window membrane and extends to the cochlear apex. 
It communicates, by way of a narrow channel called the
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Figure 149-1 Two of Corti's drawings showing the organ of Corti of various mammals. Upper panel shows a surface preparation of spiral limbus, organ of Corti, Claudius' cells, and basilar membrane. Lower panel shows radial section of 
osseous spiral lamina, nerve fibers, spiral limbus, tectorial membrane, basilar membrane, and hair cells. 

 



Figure 149-2 A, Left panel shows membranous labyrinth of human. Right panel shows surface preparation of human organ of Corti. B, Radial section showing nerve fibers, hair cells, and supporting cells of human organ of Corti. 

 

Figure 149-3 Partially opened right bulla of chinchilla. Cochlea (C) is well defined from the rest of the temporal bone, and round (R) and oval (O) windows are also visible. Bar = 4 mm. 

 

Figure 149-4 Midmodiolar hemisection of chinchilla cochlea showing otic capsule (OC), modiolus (M), helicotrema (H), scala vestibuli (SV), scala media (SM), scala tympani (ST), and saccule (S) of vestibular labyrinth. Rosenthal's canal 
(circled) contains spiral ganglion (SG). Bar = 600 µm. (From Santi PA: In Jahn AF, Santos-Sacchi J, editors: Physiology of the ear, New York, 1988, Raven Press.) 



 

Figure 149-5 Enlargement of rectangular area in Figure 149-4 showing scala vestibuli (SV), Reissner's membrane (RM), scala media (SM), lateral wall (LW), basilar membrane (BM), organ of Corti (OC), spiral limbus (L), scala tympani 
(ST), and spiral ganglion (SG) of second turn. Bar = 200 µm. 

 

Figure 149-6 Radial section showing Reissner's membrane (RM), spiral ligament (SL), stria vascularis (SV), spiral prominence (SP), external sulcus (ES), basilar membrane (BM), pars arcuata (PA), pars pectinata (PP), Boettcher's cells (B), 
Claudius' cells (C), organ of Corti (OC), tectorial membrane (TM), inner sulcus cells (IS), spiral limbus (L), habenula perforata (circled), and osseous spiral lamina (OSL). Bar = 50 µm. 

 

Figure 149-7 Photomicrograph of lateral wall showing portions of spiral ligament (SL), stria vascularis (SV), spiral prominence (SP), external sulcus (ES), root-like processes (R), Claudius' cells (C), Boettcher's cells (B), blood vessels (V), 
and basilar membrane (BM). Bar = 20 µm. 



 

Figure 149-8 Photomicrograph showing pars pectinata of basilar membrane and wedge-shaped basilar crest (asterisk). Basilar membrane is divided into medial pars arcuata and lateral pars pectinata. Scala tympani surface of basilar 
membrane contains mesothelial cells (M). Pars pectinata contains two amorphous layers (AL) and two radial fiber bundles (arrows). Basilar membrane supports Boettcher's cells (B), Claudius' cells (C), and organ of Corti. Bar = 20 µm. 

 

Figure 149-9 Photomicrograph showing radial section of organ of Corti containing Hensen's cells (H), outer tunnel of Corti (OT), Deiters' cells (D), spaces of Nuel (asterisks), three outer hair cell rows (O3, O2, O1), outer pillar cells (OP), 
inner tunnel of Corti (IG), inner pillar cells (IP), inner hair cells (I), hair cells stereocilia (S), inner phalangeal cells (PH), and inner border cells (IB). Also shown are inner sulcus cells (IS), myelinated nerve fibers (MF) of spiral lamina, vas 
spirale (VS), tectorial membrane with Hensen's stripe (H), Hardesty's membrane (arrow), marginal net (MN), and cover net (arrowheads). Bar = 15 µm. 

 

Figure 149-10 Transmission electron micrograph showing three layers of Reissner's membrane. Continuous basement membrane (arrows) separates squamous cells facing perilymph of scala vestibuli from tightly joined cells with apical 
microvilli (MV) facing endolymph of scala media. Bar = 5 µm. (From Santi PA: In Jahn AF, Santos-Sacchi J, editors: Physiology of the ear, New York, 1988, Raven Press.) 



 

Figure 149-11 Transmission electron micrograph showing matrix of spiral ligament showing fibroblast-like type I (I) cells and type II (II) cells, extracellular filaments (*), root-like processes of external sulcus cells (R), and blood vessel (V). 
Bar = 0.5 µm. 

 

Figure 149-12 Transmission electron micrograph showing radial section through complete thickness of stria vascularis and portion of underlying spiral ligament (SL). Marginal cells (M) face endolymph and send processes basally. 
Intermediate cells (I) are electron lucent and intraepithelial capillaries (C) occupy middle layer of stria vascularis. Melanin granules (arrows) occur primarily in intermediate and basal cells. Several layers of basal cells (B) seal pericellular 
spaces of stria from underlying spiral ligament. Bar = 0.2 µm. 

 

Figure 149-13 A, Surface preparation of stria vascularis and spiral prominence in which vessels have been filled with tracer horseradish peroxidase. Radiating arteriole (RA) brings blood into strial capillaries (C) and omega-shaped loops in 
spiral prominence (SP). Bar = 100 µm. B, Transmission electron micrograph showing intraepithelial capillary of stria vascularis. Lumen contains two red blood cells and is surrounded by nonfenestrated endothelial cell (E), homogeneous 
basement membrane (BM), and pericyte cell (P). Bar = 0.1 µm. 



 

Figure 149-14 Transmission electron micrograph showing portion of pars pectinata of basilar membrane. Note mesothelial cells (M), two amorphous layers (AL), two radial fiber bundles (*), basement membrane (arrow), Boettcher's cells 
(B), with basal channels. Bar = 0.01 µm. 

 

Figure 149-15 Immunohistochemical labeling of glycoprotein fibronectin (*) in amorphous layers of basilar membrane and intercellular channels (arrows) of Boettcher's cells. Tectorial membrane (TM) and organ of Corti (OC) are present 
but unlabeled. Bar = 50 µm. (From Santi PA and others: Hear Res 39:91, 1989.) 

 

Figure 149-16 Scanning electron micrograph showing reticular lamina of organ of Corti from basal turn. Note inner border cells (IBC), inner hair cells (IHC), inner pillar cell head plate (IPC), outer hair cell row 1 (OHC1), outer pillar cell 
phalangeal process (OP), outer hair cell row 2 (OHC2), Dieters' cell row 1 phalangeal process (D1), outer hair cell row 3 (OHC3), Deiter's cell row 2 phalangeal process (D2), Deiters' cell row 3 phalangeal process (D3), and Hensen's cell 
(HC). Two phalangeal scars (circled) are present in row 3, which indicates loss of two outer cells. Bar = 10 µm. 



 

Figure 149-17 A, Radial section through stereocilia bundle of outer hair cell. Stereocilia contain axial, actin filaments, an apical electron-dense cap (C) in tip of stereocilia, lateral cross-links (L) showing intermediate density, vertical cross-
links (V), and electron-dense invagination (circled) in plasma membrane of stereocilia where vertical cross-links attach. Bar = 0.2 µm. B, Horizontal section through outer hair cell stereocilia bundle near cuticular plate of cell. Note the 
internal, axially directed actin filaments and lateral cross-links (L) between the stereocilia. Dark, central body (arrow) is compaction of actin filaments and formation of rootlets as they insert into cuticular plate. Bar = 0.01 µm. (A, From 
Santi PA: In Jahn AF, Santos-Sacchi J, editors: Physiology of the ear, New York, 1988, Raven Press.) 

 

Figure 149-18 A, Scanning electron micrograph showing imprints of tips of longest row of stereocilia from outer hair cell stereocilia in undersurface of tectorial membrane. Bar = 1 •m. B, Transmission electron micrograph showing direct 
attachment of tip of outer hair cell stereocilium to undersurface of tectorial membrane. Bar = 0.1 •m. 



 

Figure 149-19 Radial section through several outer hair cells showing their test-tube shape, apical stereocilia (S) and cuticular plate (C), attachment to Deiters' cells, basally directed nucleus (N), subsurface cisternae (arrows), and large basal 
efferent nerve synaptic endings (asterisks). Bar = 5 •m. 

 

Figure 149-20 A, Transmission electron micrograph showing a cross-section through subsurface cisternae in outer hair cell. It consists of stacks of cisternae, some of which are interrupted by pores (*). Also note presence of what appear to 
be cross-sectioned filaments lying between cisternae and plasma membrane (arrows). Bar = 0.01 •m. B, Oblique section of subsurface cisternae showing pores (*) and regular distribution of filaments (arrows). Bar = 0.2 •m. 



 

Figure 149-21 Transmission electron micrograph showing outer hair cell base with subnuclear mitochondria (M), subsurface cisternae (arrows), Deiters' cell attachments (D), and afferent (A) and efferent (E) synaptic terminals. Bar = 0.1 •m. 

 

Figure 149-22 Transmission electron micrograph radial section through inner hair cell showing its stereocilia (S), and cuticular plate (C). Section also shows that inner hair cell is tightly surrounded by supporting cells (S). Bar = 5 •m. 

 

Figure 149-23 Transmission electron micrograph radial section through base of inner hair cell showing thin subsurface cisternae (arrows) and presence of numerous afferent synaptic terminals (A) and an efferent nerve ending (E). Bar = 



0.01 •m. 

 

Figure 149-24 Transmission electron micrograph showing lateral edge of spiral limbus with overlying tectorial membrane (TM), tooth of Huschke (TH), interdental cells (I), fibrous matrix containing fibroblast-like cells (F), connective 
tissue matrix with filaments (*), and portion of inner sulcus cell (IS). Bar = 0.2 µm 

 

Figure 149-25 Tracing of inner sulcus, tectorial membrane, and organ of Corti on which has been superimposed a diagram showing neural innervation of hair cells. Filled fibers represent efferents, and nonfilled fibers represent afferents. 
Note inner spiral bundle (IBS), tunnel spiral bundle (TSB), tunnel crossing bundle (TXB), and outer spiral bundle (OSB). 

 



Figure 149-26 Transmission electron micrograph of spiral ganglion showing numerous, myelinated type I cell bodies (I), an unmyelinated type II cell body (II), and many cross-sections of myelinated nerve fibers (*). Bar = 0.2 µm. 
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Small and stellate neurons are also present in different layers of this nucleus.

The bushy cells of the VCN receive afferent fibers from the cochlear nerve by way of synaptic endings termed end bulbs of Helde.[132] They are characterized by fingerlike extensions that encapsulate the cell body, particularly for the low-
frequency neurons.[155] Only a small number of these synapses make contact with cell bodies, so that they preserve temporal information transmitted by auditory nerve fibers.[25] [138] The bushy cells of the AVCN anterior division are innervated 
by larger and more complicated variety of end bulbs than the posterior division.[19] [155] The stellate, octopus, and pyramidal neurons receive numerous boutonlike synaptic contacts from primary afferent fibers.[19] [20] The octopus cells, in sharp 
contrast to the bushy cells, are innervated from a great number of cochlear fibers.[132] The DCN receives a considerable number of fibers from the PVCN and sends tonotopic projections to the AVCN. These projections may play a major role 
in shaping the physiologic response characteristics of many cochlear nucleus cells. * 

The distribution of the nerve fibers throughout the CN follows a regular cochleotopic order. Each subdivision of the CN contains a relatively complete neural representation of the cochlear frequency range.[40] [41] The axons from the basal end 
of the cochlea project most dorsally and those from the apical end most ventrally in each of the three major subdivisions.[138] [160] For each cell there is usually a single frequency to which the neuron is most sensitive (the characteristic 
frequency).[93] 

The axons of the second-order neurons form three main bundles: the ventral acoustic stria (VAS, trapezoid body), the intermediate acoustic stria (IAS, stria of Helde), and the dorsal acoustic stria (DAS, stria of Monakow) ( Figure 149-27 
and Figure 149-28 ). The VAS originates from the spheric and globular cells of the VCN and courses medially and rostrally across the medulla to reach the lateral superior olive, the medial superior olive, the medial nucleus of the trapezoid 
body, and the inferior colliculus. [123] [125] The IAS originates mainly from the octopus cells of the PVCN and projects ipsilaterally, bilaterally, or contralaterally to the ventral nucleus of the trapezoid body, lateral superior olive, and the 
periolivary region, which give rise to the olivocochlear bundle. † The DAS is essentially a crossed pathway by which the cells in the DCN project to the nuclei of the lateral lemniscus and the central nucleus of the inferior colliculus. [43] [134] 

 
Figure 149-27 Origin of olivocochlear bundle and nuclei. Solid lines represent ascending pathways, and dotted lines represent descending pathways. Note also unmyelinated lateral OC system (broken lines), myelinated medial OC system 
(dotted lines), dorsal cochlear nucleus (DCN), posteroventral cochlear nucleus (PVCN), anteroventral cochlear nucleus (AVCN), medial superior olive (MSO), lateral superior olive (LSO), medial nucleus of trapezoid body (MNTB), and 
dorsomedial periolivary nucleus (DMPO). 

 

Figure 149-28 Ascending (afferent) and descending (efferent) auditory pathways. Note superior olivary complex (SOC), cochlear nucleus (CN), ventral nucleus of lateral lemniscus (VLL), intermediate nucleus of lateral lemniscus (ILL), 
dorsal nucleus of lateral lemniscus (DLL), inferior colliculus (IC), medial geniculate body (MGB), trapezoid body (A), lateral lemniscus (B), commissure of Probst (C), commissure of inferior colliculus (D), auditory radiations (E), and 
corpus callosum (F). 



 
†References [132] [193] [194] [205] [206] [208] . 
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Superior Olivary Complex and Olivocochlear Bundle

The superior olivary complex (SOC) is located in the caudal pons immediately dorsal to the pontine gray.[21] This nuclear complex consists of the medial nucleus of the superior olive (MSO), the lateral nucleus of the superior olive (LSO), the 
medial nucleus of the trapezoid body (MNTB), and the periolivary nuclei (PON). The PON consists of three principal groups of cells that curve around the MSO and LSO and are collectively referred to as the dorsomedial preolivary nucleus 
(DMPO), the dorsal preolivary nucleus (DPO), and the dorsolateral preolivary nucleus (DLPO).[25] [138] [139] The morphology of the SOC and the organization and location of cochlear efferents vary considerably in different mammals. The LSO 
and MSO are prominent in nonprimate species, whereas in humans, the MSO predominates, and the lateral nucleus is small or vestigial.[100] [107] [185] 

The MSO is characterized by bipolar neurons with two densely tufted dendrites arranged in a transverse plane. * The LSO contains multipolar neurons with flattened two-dimensional dendritic fields that run for considerable distances in a 
rostrocaudal direction.[164] The MSO receives ipsilateral and contralateral innervation from both VCN by means of the ventral acoustic stria.[30] [204] [208] The lateral dendrites of the bipolar neurons receive axon terminals from the ipsilateral AVCN, 
and those on the medial side derive their input from the contralateral AVCN. * The incoming axons branch predominantly within horizontal layers.[117] [164] [167] The ipsilateral inputs to the LSO are almost exclusively excitatory and come by way of 
the trapezoid body from all the subdivisions of AVCN and PVCN. † In cats, the small spheric cells of the AVCN are the major contributors to this pathway.[131] The projection from the PVCNs to the ipsilateral LSO is topographically organized, 
with the dorsal and ventral PVCNs projecting to the extreme lateral and medial limbs of the LSO. This neural pathway preserves the tonotopic organization of the afferent cochlear nuclei input to the LSO with axons from high-frequency 
sensitive areas terminating in the medial limb and from lower frequency areas in the lateral limb.[193] The contralateral inputs arise from globular bushy cells of the caudal AVCN and rostral PVCN by means of the MNTB.[110] [145] [198] 

The MNTB receives projections from the ipsilateral PVCN and projections from globular cells in the contralateral AVCN by means of specialized calyx-type endings that partially encapsulate the MNTB cell body.[117] [198] [208] It is thought that 
the MNTB cells serve as inhibitory interneurons between the opposite cochlear nucleus and the LSO.[198] [208] 

The PONs receive afferent input from the CN over the three acoustic striae. ‡ The periolivary region also receives descending inputs from the inferior colliculus and collateral fibers projecting to MNTB.[42] [110] [117] [145] The MSO and LSO are 
tonotopically organized with a prevalence of low-frequency neurons in the MSO.[53] [57] [138] [201] The LSO seems to be more sensitive to high-frequency stimuli.[57] [199] [200] Neurons from the SOC are among the first to receive and process binaural 
input, and the different pattern of binaural convergence on LSO and MSO may play a role in the interaural temporal and intensity disparities and therefore for mechanisms underlying binaural spatial hearing.[138] 

The SOC sends ascending fibers to the nuclei of the lateral lemniscus and the inferior colliculus by means of the lateral lemniscus.[52] The SOC also sends descending fibers to the hair cells of the organ of Corti by way of the olivocochlear 
bundle (OC) (see Figure 144-27). The initial description of this pathway was described by Rasmussen.[143] [144] The OC bundle is divided in two parts: a lateral (LOC) and a medial (MOC) olivocochlear system.[207] [209] 

The myelinated medial OC system originates from large neurons located outside the LSO in the medial periolivary cell groups and projects to the contralateral outer hair cells. These cell groups receive direct afferents from the cochlear 
nuclei and afferents from neurons projecting to the MNTB, arising from the contralateral PVCN.[131] [194] [205] [208] 

The unmyelinated lateral OC system originates from small cells in the lateral margin of the SOC and projects ipsilaterally to terminate as small contacts located on the afferent terminals of the cochlear nerve fibers innervating inner hair cells.
[11] [197] [207] [209] Both fiber systems travel dorsomedially, and the MOC fibers cross the midline below the floor of the fourth ventricle to join the LOC fibers.[135] The MOC system in its route gives off collaterals that innervate the ventral cochlear 
nucleus.[22] [94] [146] The ipsilateral and contralateral systems travel peripherally with the inferior division of the vestibular nerve to join the cochlear nerve at the vestibulocochlear anastomosis (VCA) of Oort.[9] [10] [144] The VCA, which bridges the 
vestibular and cochlear nerves in the fundus of the internal acoustic meatus, contains most of the olivocochlear fibers with little contamination of other fiber categories.[10] These descending connections, particularly the crossed fibers, may 
serve to modulate cochlear sensitivity to the sound, possibly by influencing the contractile properties of the outer hair cells. [23] [49] 

*References [30] [53] [131] [184] [204] [208] . 
†References [30] [131] [184] [200] [204] [208] . 
‡References [43] [116] [117] [204] [205] [206] [208] . 
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Lateral Lemniscus

The lateral lemniscus is the major ascending pathway, located rostrally close to the lateral surface of the brainstem, and connects the cochlear nuclei and the superior olivary complex to the inferior colliculus. Associated with the lateral 
lemniscus are three principal groups of cells: the ventral (VLL), intermediate (ILL), and dorsal (DLL) nuclei of the lateral lemniscus.

The VLL receives fibers mainly from the contralateral VCN and a smaller contribution from the SOC and the DCN,[52] [205] [206] so that it responds largely to stimulation of the contralateral ear.[27] The ILL receives fibers from the contralateral 
VCN, the ipsilateral MNTB, and small fibers from the contralateral DLL.[52] The DLL receives the same projections that ascend to the inferior colliculus.[52] [125] [170] The DLL receives afferents from the ipsilateral MSO and bilateral LSO, with 
fewer fibers from the contralateral VCN.[52] The DLLs on each side of the brain are interconnected by way of the commissure of Probst.[141] These fibers emerge from the DLL and cross the midline immediately below the medial longitudinal 
fasciculus to synapse in the dorsal nucleus of the opposite side. Part of these fibers distribute to the central nucleus of the inferior colliculus.[54] Oliver and Shneiderman[129] suggested the possibility that this pathway participates in an inhibitory 
reciprocal relationship (see Figure 149-28 ).

The nuclei of the lateral lemniscus are tonotopically organized with low frequencies located dorsally and high frequencies located ventral.[2] [157] The efferent projections of the nuclei of the lateral lemniscus have their principal target in the 
central nucleus of the inferior colliculus.[54] The DLL also sends bilateral projections to the superior colliculi and descending fibers to the SOC.[54] [91] [170] [188] The VLL sends descending fibers to the DMPO and the ventral nucleus of the trapezoid 
body.[213] 

Inferior Colliculus

The inferior (posterior) colliculi (ICs) are bilateral, mesencephalic structures that form with the superior colliculi part of the tectum of the brainstem. They serve as a principal relay station for the ascending auditory pathways and process 
acoustic information on its way from the lower brainstem to the medial geniculate body and then to the auditory cortex.[50] [115] [145] The ICs consist of three main cell groups: the central nucleus of the inferior colliculus (ICC), the external nucleus 
of the inferior colliculus or dorsal cortex (ICX) located caudal and ventral to the ICC, and the pericentral nucleus (ICP) surrounding the medial rostral and lateral aspects of the ICC.

The ICC is the largest and most prominent nucleus of the IC and is subdivided into dorsomedial and ventrolateral parts on the basis of dendritic orientation, cell size, and fiber connection.[47] [134] The ICC is characterized by a laminar 
organization with the obliquely vertical layers extending anteroposteriorly.[50] [56] [112] [128] [152] The principal cell types, based on Golgi staining, are the disc-shaped neurons. The laminae are formed by the fibers of the lateral lemniscus, dendrites, 
axons, and collaterals of the disc-shaped neurons and the ascending projections from the cochlear nuclei. The stellate neurons are the second neuronal type with dendrites that do not follow the laminar arrangement but send axons over 
several layers. * The ICX has a cortical structure with four layers. The dorsal layer contains neurons whose dendrites cross the layers to varying extents. Each of the successively deeper layers contains predominantly larger cells.[119] The ICP 
includes commissural, dorsomedial, lateral, and ventrolateral nuclei and the nucleus of the rostral pole, with a large variety of cell composition.[119] 

The ICC receives most of the ascending information from the lower brainstem (see Figure 149-28 ). It receives input from both cochlear nuclei, the SOC, nuclei of the lateral lemniscus, and descending afferents from the auditory cortex. The 
DCN projects directly to the ICC, whereas indirect inputs project from the VCN through the SOC and the nuclei of the lateral lemniscus.[1] [29] [125] [134] The ICC receives ipsilateral and contralateral projections from the MSO and LSO, and 
ipsilateral projections arise from the MNTB and PON.[1] [207] The ICC receives inputs from both DLL.[91] [170] The inputs coming from the VLL appear to project mainly to the ventrolateral part.[1] [28] [91] [154] [213] The descending projections arise largely 
from the primary auditory cortex, and the dorsomedial part receives relatively heavier projections than the anteroventral part. [152] The ICX receives direct input from the telencephalon and the cochlear nuclei, the dorsal and ventral nucleus of 
the lateral lemniscus, but no input from the SOC. † ICX also receives collaterals from the emerging fibers of the ICC both from the inferior brachium and the commissure of the ICC[54] and from the dorsal column nuclei.[58] The ICP receives 
projections from the auditory cortex,[82] the lateral tegmental system, and minor projections from the DLL.[128] [169] [170] Furthermore, there are projections from somatosensory centers to the external nucleus of the IC. ‡ Other afferents come from 
nonauditory and nonsomatosensory centers: hypothalamic nuclei, lateral part of substantia nigra, central periaqueductal gray, deep layer of the superior colliculus, nucleus sagulum, paragigantocellular nucleus, and the spinal cord. § 

*References [47] [50] [56] [71] [72] [128] . 
†References [7] [33] [54] [55] [82] [91] [125] [170] [215] . 
‡References [1] [60] [149] [151] [168] [197] . 
§References [3] [28] [55] [197] [215] [221] . 
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The ICC shows a tonotopic organization with a regular progression of best frequencies from low to high as the registration progresses from the dorsal to the ventral position with isofrequency laminae congruent with the orientation of the 
dendritic lamina.[47] 

The main efferent projections of the IC travel to the medial geniculate body by way of the brachium of the IC, but the IC also sends projections to the contralateral IC by way of the commissure of the inferior colliculus.[42] [110] [137] Additional 
projections travel to the periaqueductal gray and to deep layers of the caudal superior colliculus, the contralateral inferior brachium, and terminate in the parabrachial region, the interstitial nucleus of the inferior brachium, and the lateral part 
of the posterior thalamic group.[109] [110] Descending fibers project by means of the lateral lemniscus to the VLL, the medial PON, lateral PON, retroolivary region, and contralateral DCN.[6] [17] [42] [110] [145] 

Medial Geniculate Body

The medial geniculate body (MGB) is a relay station in the ascending auditory pathways, intercalated between the fibers of the brachium of the IC and the auditory cortex (see Figure 149-28 ). The MGB is found in the thalamus medial to the 
lateral geniculate body in humans and ventral to it in cats.[21] The MGB is divided on the basis of its cytoarchitecture into ventral, medial, and dorsal.

The ventral division occupies most of the ventrolateral quadrant of the MGB. It consists of three architectonically distinct nuclei: the ventral nucleus (pars lateralis), the ovoid nucleus (pars ovoidea), and the marginal zone. The ventral 
division is characterized by Golgi types I and II cells. The Golgi type I cells (projection cells) represent the main neurons; they have a tufted dendritic branching pattern and long axons projecting beyond the nucleus of origin. The Golgi type 
II cells (interneuronal cells) have short axons with dendrodendritic synapses on the dendrites of the principal neurons.[113] Although both types of neurons receive contacts from afferent axons of the brachium of the inferior colliculus and 
descending projections of the cortex, only the principal neurons send axons to the auditory cortex.[117] This nucleus is characterized by a laminar organization as seen in transverse or horizontal sections. These laminae are formed by three 
sources: the ascending fibers from the brachium of the inferior colliculus, extrinsic axons probably of cortical origin that cross the laminae obliquely, and the collateral system of Golgi type II axons.[114] [118] [217] The medial division occupies the 
ventromedial quadrant of the MGB. It is the most heavily myelinated division and contains morphologically heterogeneous neurons with tufted and radiate dendrite patterns, more scattered and larger than in the other subdivisions. The dorsal 



division, which is the largest of the three parts, occupies the entire caudal extremities of the MGB. Two main areas, distinct on the basis of cytoarchitecture and connections, can be recognized. The dorsal nucleus consists of three 
subdivisions: the superficial dorsal, dorsal, and deep dorsal. The second area is subdivided into suprageniculate and posterior limitans nuclei. It is typified by two kinds of principal neurons, stellate and bushy cells, and diffuse axodendritic 
afferent contacts.[113] [120] In Nissl-stained material, the dorsal division has some of the smallest cells of the MGB and in restricted areas, large neurons. [113] [218] 

All three subdivisions of the MGB receive ascending projections from the nuclei of the IC and descending fibers from the auditory cortex.[7] [76] [109] [110] [114] The ascending projections that travel to the ventral division course parallel to the laminae 
and contact perikarya and dendrites in dense clusters of knobby branches.[113] The medial division receives fibers from the fastigial nucleus,[32] the superior colliculus,[4] [115] and the vestibular system.[103] The dorsal division receives afferents from 
the lateral tegmental system.[115] [120] [219] This connection could be involved in the interplay of somesthetic, auditory, visceral, and visual impulses in the midbrain and the integrated polysensory activity in the posterolateral thalamic complex and 
associated cortex.[115] 

The ventral division of the MGB is tonotopically organized, and Imig and Morel[79] recognized at least seven zones with different tonotopic organizations. The ventral and ovoid nuclei of the ventral division project to the primary auditory 
cortex and the anterior auditory field next to it,[113] whereas neurons from the dorsal part seem to project to overlying cortical areas.[5] [104] [216] The ascending projections of the medial nucleus include every subdivision of the auditory cortex, 
without obvious topography[113] [217] [218] and subcortical areas of the basal forebrain. [92] The posterior nucleus projects in an overlapping manner to the auditory cortex. The principal targets are the cortical area AII and beside it, but consistent 
projections also arise to the insular cortex, the temporal cortex, and the ventroposterior auditory field.[217] 

Auditory Cortex

The auditory cortex is divided, on the basis of cytoarchitecture, fiber connections, and physiologic properties, into a primary auditory cortex and associated auditory regions that receive acoustic and other sensory inputs.

In humans, the primary auditory cortex (Brodmann's areas 41 and 42) is located in the upper bank of the temporal lobe and is surrounded by specific auditory and nonspecific association areas (Brodmann's areas
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22 and 52) ( Figure 149-29, A ). Its cytoarchitecture histologically resembles the other primary cortical sensory areas. The association areas connect the primary cortex to frontal and temporoparietal regions, concerned with language and 
speech and with the somatesthetic and vision areas.[100] The auditory cortex of the cat is located on the lateral side of the hemisphere below the suprasylvian sulcus.[21] In primates and cats, the auditory cortex contains a number of fields that 
were differentiated for the first time by Woolsey[220] on the basis of cytoarchitecture and physiologic studies, including primary (AI), secondary (AII), posterior (P), ventroposterior (VP), and anterior (A) auditory fields ( Figure 149-29, B ).

The primary auditory cortex of the cat has a reciprocal connection with the medial geniculate body, whereas geniculocortical fibers travel to all different 

 
Figure 149-29 A, Lateral aspect of left cerebral hemisphere in humans. Areas are motor (4 and 4s), motor speech (44 and 45), primary auditory cortex (41 and 42), association (22), and sensory speech (39 and 40). B, Auditory cortical fields 
in cat (left hemisphere): primary (AI), posterior (P), ventroposterior (VP), and anterior auditory (A) areas. Surrounding these areas is belt of auditory responsive cortex: secondary (AII), temporal (T), and ventral (V) areas. Also note anterior 
ectosylvian sulcus (AES), posterior ectosylvian sulcus (PES), and suprasylvian sulcus (SSS). (A, Adapted from Luxon LM: Br J Audiol 15:312, 1981. B, Adapted from Imig TJ and others: The auditory cortex: patterns of corticocortical 
projections related to physiological maps in the cat, Clifton, NJ, 1982, Humana Press.) 
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Chapter 150 - COCHLEAR TRANSDUCTION AND THE MOLECULAR BASIS OF PERIPHERAL AUDITORY PATHOLOGY

JoAnn McGee 
Edward J. Walsh 

INTRODUCTION

Deafness, in all of its forms, affects 1 of every 1000 newborns in the United States and progressively afflicts larger numbers of individuals with advancing age. For example, by the age of 60, one of every three individuals in the United States 
experiences communication difficulties as a consequence of lost hearing, and by 85 years of age, half of the population has some degree of hearing disability. Significantly, most peripheral auditory disease involves some form of cochlear 
abnormality that disrupts sensory transduction. The variety of conditions that produce such disabilities include genetic abnormalities, trauma (acoustic and mechanical), ototoxic agents, bacterial and viral infections, and disturbances in other 
organ systems that influence cochlear physiology indirectly. In this chapter, an effort is made to describe the physiologic mechanisms underlying cochlear transduction at both the system and molecular levels. An attempt is also made to 
relate the basic mechanisms of cochlear transduction to a subset of inner ear disorders that are representative of various classes of disease.

The motivation for writing this chapter is largely based on the observation that significant breakthroughs in the identification of genes and gene products that serve as integral elements of electromechanical transduction have been made in the 
past decade or so. Clearly, mutated forms of these so-called hearing genes are implicated in various forms of deafness ( Table 150-1 and Table 150-2 ). Although many cases of inherited deafness had been identified historically on the basis 
of phenotype, the underlying etiology of deafness remained unknown before technologic advances allowed for the identification and cloning of genes associated with normal hearing. By comparing human genes with homologous genes that 
are known to cause deafness in nonhuman animals, the cell biology and disease associated with particular gene mutations can be studied, leading to an understanding of the role of gene products in sensory cell transduction. Although a 
variety of nonhuman species have played indispensable roles in the study of cochlear transduction and sensory pathology throughout the 20th century, in recent years the mouse has emerged as a particularly useful animal model ( Table 150-
3 ). This movement is fueled, in large part, by the highly successful, comprehensive investigation of the murine genome and the ever-expanding availability of tools that allow the targeting and manipulation of specific genes, technologic 
changes that greatly extend our capacity to investigate the role of gene products in the transduction process. However, although much has been learned in the past few years about the molecular and genetic basis of cochlear function, or 
malfunction as the case may be, much work remains undone in the ongoing effort to understand the intricacies associated with cochlear transduction and deafness.

At least half of all cases of congenital hearing loss are inherited, and of these, at least 70% are nonsyndromic ( Table 150-1 ); that is, auditory disability is the only manifestation of the disorder. [336] [354] Nonsyndromic deafness is categorized as 
either autosomal dominant (DFNA), autosomal recessive (DFNB), or X-linked (DFN); on the basis of the outcome of linkage analysis, a unique numeral following each acronym is used to identify individuals with mutations that occur at a 
particular chromosomal locus.[535] In addition, numerous mutations in mitochondrial DNA have also been identified as a hereditary source of hearing loss.[240] As a consequence of a major effort to identify and classify inherited hearing 
disabilities, it is clear that the nonsyndromic basis of inherited deafness is highly heterogeneous. Many loci known to produce autosomal-dominant forms of deafness when mutated have been genetically mapped, although only a subset of the 
genes have been identified and cloned.
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TABLE 150-1 -- GENES UNDERLYING ISOLATED FORMS OF DEAFNESS IN HUMANS

Gene Name/Protein Human Disorder Mouse Disorder Type of Molecule Localization

ACTG1 Actin γ1 DFNA20, DFNA26  Intracellular protein Cuticular plate, adherins junctions, stereocilia



CASP3 Caspase 3, apoptosis-related 
cysteine protease

DFNA24 Targeted null Apoptosis-related cysteine protease  

CDH23 Cadherin 23, otocadherin DFNB12, Usher syndrome type 1D Waltzer, v Cell adhesion protein Hair cells, retina

CLDN14 Claudin-14 DFNB29 Targeted null Tight junction component Hair cells, Deiters' cells, inner and outer 
phalangeal cells, epithelial cells lining inner spiral 
sulcus

COCH Cochlin DFNA9  Extracellular matrix component Spiral ligament and limbus; below OHCs?

COL11A2 Type XI collagen α2 chain DFNA13, Stickler syndrome type III (nonocular), 
OSMED (otospondylomega-epiphyseal dysplasia) 
syndrome

Targeted null Extracellular matrix component Tectorial membrane

CRYM µ-crystallin (NADP-regulated 
thyroid hormone-binding protein)

Nonsyndromic deafness  Involved in K+ recycling? Lateral region of spiral ligament and fibrocytes of 
spiral limbus

DFNA5 Deafness, autosomal dominant 5, 
ICERE-1

DFNA5   Organ of Corti, limbus, stria (RT-PCR only)

DIAPH1 (HDIA1) Diaphanous 1 DFNA1  Regulates actin polymerization Inner ear (RT-PCR only)

DSPP Dentin sialophospho-protein gene DFNA39/dentinogenesis imperfecta 1    

EYA4 Eyes-absent 4 homolog 
(Drosophila)

DFNA10  Transcriptional coactivator  

GJA1 (Cx43) Gap junction membrane channel 
protein α1, connexin 43

DFNBi Targeted null (die at birth) Gap junction component Fibrocytes of the spiral ligament and spiral limbus, 
interdental cells, inner pillar cells, Deiters' cells

GJB2 (Cx26) Gap junction membrane channel 
protein β2, connexin 26

DFNB1, DFNA3; keratitisichthyosis-deafness 
syndrome; palmoplantar hyperkeratosis; 
palmoplantar keratoderma

Targeted, conditional null; 
dominant-negative transgene

Gap junction component Fibrocytes of the spiral ligament and spiral limbus; 
nonsensory epithelial cells in the region of the 
organ of Corti

GJB3 (Cx31) Gap junction membrane channel 
protein β3, connexin 31

DFNA2, DFNBi; erythrokeratodermia variabilis Targeted null-no hearing 
loss

Gap junction component Fibrocytes of the spiral ligament and spiral limbus

GJB6 (Cx30) Gap junction membrane channel 
protein β6, connexin 30

    

  DFNB1, DFNA3; Clouston syndrome Targeted null Gap junction component Fibrocytes

KCNQ4 Potassium voltage-gated channel, 
subfamily Q, member 4

DFNA2  K+ channel subunit Hair cells, spiral ganglion neurons

MTRNR1 Mitochondrial ribosomal RNA, 12S Aminoglycoside-induced deafness  Mitochondrial 12S rRNA Mitochondria

MYH9 Myosin, heavy polypeptide 9, 
nonmuscle

DFNA17, Fechtner syndrome  Motor protein Outer hair cells, subcentral region of spiral 
ligament, Reissner's membrane

MYH14 Myosin, heavy chain 14, nonmuscle DFNA4  Motor protein  

MYO1A Myosin IA DFNA48  Motor protein  

MYO3A Myosin IIIA DFNB30  Motor protein Hair cells

MYO6 Myosin VI DFNB37, DFNA22 Snell's waltzer, sv Motor protein Hair cells

MYO7A Myosin VIIA DFNB2, DFNA11, Usher syndrome type 1B Shaker 1, sh 1 Motor protein Hair cells, retina

MYO15 Myosin XVa DFNB3; Smith-Magenis syndrome Shaker 2, sh2 Motor protein Hair cells

OTOA Otoancorin DFNB22  Glycosylphosphatidylinositol-linked 
membrane protein

Apical surface of interdental cells; apical surface 
of border epithelial cells lying adjacent and medial 
to IHCs during development

OTOF Otoferlin DFNB9  Synaptic vesicle trafficking protein Hair cells

PCDH15 Protocadherin-15 DFNB23, Usher syndrome type 1F Ames waltzer, av Cell adhesion protein Hair cells

POU3F4 (Brn4.0, 
Slf)

POU domain, class 3, transcription 
factor 4

DFN3 (X-linked) Targeted null; sex-linked 
fidget, slf

Transcription factor Mesoderm around otic vesicle and lateral wall; 
spiral ligament, Reissner's membrane

POU4F3 (Brn3C) POU domain, class 4, transcription 
factor 3

DFNA15 Targeted null; dreidel, ddl Transcription factor Hair cells



SLC26A4 (PDS) Solute carrier family 26, member 4 
(pendrin)

DFNB4, Pendred syndrome Targeted null Chloride ion transporter (resorbs Cl- in 
endolymphatic duct/sac)

External sulcus epithelial cells, endolymphatic 
duct and sac, thyroid gland

SLC26A5 (PRES) Solute carrier family 26, member 5 
(prestin)

DFNBi Targeted null Cl- translocator/motor protein Outer hair cells

STRC Stereocilin DFNB16   Hair cells

TECTA α-Tectorin DFNB21, DFNA8/DFNA12 Targeted null Extracellular matrix component Tectorial membrane; also in inner sulcus and 
Hensen cells during development

TFCP2L3 Transcription factor cellular 
promotor 2-like 3

DFNA28  Transcription factor Organ of Corti, stria vascularis, Reissner's 
membrane, interdental cells, cells lining the scala 
media

TMC1 Transmembrane channel-like gene 1 DFNB7/DFNB11, DFNA36 deafness, dn Beethoven, Bth Transmembrane protein Hair cells

TMIE Transmembrane inner ear expressed 
gene

DFNB6 spinner, sr Transmembrane protein Hair cells?

TMPRSS3 
(ECHOS1)

Transmembrane serine protease DFNB8/DFNB10  Serine protease Stria vascularis, inner and outer pillar cells, 
Deiters' cells, Hensen cells, epithelial cells lining 
the inner spiral sulcus

USH1C Usher 1C, harmonin DFNB18, Usher syndrome type 1C deaf circler, dfcr PDZ domain-containing protein Hair cells, retina

WFS1 Wolfram syndrome gene 1, 
wolframin

DFNA6/DFNA14, Wolfram syndrome   Hair cells, Deiters' cells, Hensen cells, Claudius' 
cells, epithelial cells lining the external spiral 
sulcus, spiral prominence, spiral ligament, 
interdental cells, Reissner's membrane

WHRN Whirlin DFNB31 whirler, wi Protein involved in elongation and 
maintenance of hair cell stereocilia

Hair cells
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TABLE 150-2 -- GENES UNDERLYING SYNDROMIC FORMS OF DEAFNESS IN HUMANS (Excluding those in Table 150-1)

Gene Name/Protein Human Disorder Murine Disorder Type of Molecule Localization

ATP6B1 β-Subunit of renal apical H+ -
ATPase pump

Renal tubular acidosis with deafness  Ion pump, ATPase Interdental cells, endolymphatic sac, kidney

BSND Barttin (NKCC2) Bartter syndrome type IV (with sensorineural 
deafness)

 Cl- channel β-subunit Strial marginal cells

COL1A1 Type I collagen α1 chain Osteogenesis imperfecta Mov13 transgene Extracellular matrix component  

COL2A1 Type II collagen α1 chain Stickler syndrome type I Disproportionate micromelia, 
Dmm; spondyloepiphyseal 
dysplasia congenita, sedc; mutant 
transgenes

Extracellular matrix component Spiral ligament and limbus, tectorial membrane, 
basilar membrane, cartilage

COL4A5 Type IV collagen α5 chain Alport syndrome  Extracellular matrix component Basal lamina of cochlear duct and stria blood 
vessels, kidney

COL4A3 Type IV collagen α3 chain Alport syndrome Targeted null Extracellular matrix component Basal lamina of cochlear duct and stria blood 
vessels, kidney

COL4A4 Type IV collagen α4 chain Alport syndrome  Extracellular matrix component Basal lamina of cochlear duct and stria blood 
vessels, kidney

COL11A1 Type XI collagen α1 chain Stickler syndrome type II, Marshall syndrome Chondrodysplasia, cho Extracellular matrix component  

DSPP Dentin sialophosphoprotein gene DFNA39/dentinogenesis imperfecta 1    

EDN3 Endothelin 3 Waardenburg syndrome type IV; Hirschsprung 
disease

Lethal spotting, ls Ligand Strial intermediate cells, pigmentation, gut



EDNRB Endothelin receptor type B Waardenburg syndrome type IV; Hirschsprung 
disease

Piebald, s Receptor Widespread in pigmentation, gut

EYA1 Eyes-absent 1 homolog 
(Drosophila)

Branchiootorenal syndrome Targeted null Transcriptional coactivator Neuroepithelia, ganglia, otic capsule and middle 
ear mesenchyme, kidney, jaw

FGFR3 Fibroblast growth factor receptor 
3

Craniosynostosis with deafness Targeted null Growth factor receptor Pillar cells, Deiters' cells, hair cells during 
development, skull

GATA3 GATA-binding protein 3 Hypoparathyroidism, sensorineural deafness and 
renal dysplasia (HDR) syndrome

Targeted null Enhancer-binding protein (for T-cell 
antigen receptor gene activation); zinc-
finger transcription factor

Otocyst and periotic mesenchyme; inner ear, 
spiral ganglion neurons, olivocochlear efferent 
neurons

GJB1 (CMT); (Cx32) Gap junction membrane channel 
protein β1, connexin 32

Charcot-Marie-Tooth type 1X syndrome (X-linked)  Gap junction component Schwann cells of auditory nerve and other 
peripheral nerves

KCNE1 (IsK, MinK) Potassium voltage-gated channel, 
IsK-related subfamily, member 1

Jervell and Lange-Nielsen syndrome locus 2 Targeted null K+ channel β-subunit Strial marginal cells, heart

KCNQ1 (KvLQT1, 
KCNA9)

Potassium voltagegated channel, 
subfamily Q, member 1

Jervell and Lange-Nielsen syndrome locus 1 Targeted null K+ channel β-subunit Strial marginal cells, heart

Kit Kit protooncogene Piebald syndrome Dominant spotting, W Transmembrane protein, receptor for 
tyrosine kinase

Developing melanocytes

MITF Microphthalmia transcription 
factor

Waardenburg syndrome type IIA; Tietz syndrome Microphthalmia, mi Transcription factor Strial intermediate cells during development, 
pigmentation

MPZ, PO Myelin protein zero (P0) Charcot-Marie-Tooth type 1B syndrome with 
sensorineural deafness (auditory neuropathy)

 Peripheral nervous system myelin 
component

Schwann cells of auditory nerve and other 
peripheral nerves

MTRNR1 Mitochondrial ribosomal RNA, 
12S

Aminoglycoside-induced deafness  Mitochondrial 12S rRNA Mitochondria

ND Norrie disease protein, Norrin Norrie disease Targeted null Extracellular matrix component Stria, spiral ganglion, eye, brain

PAX2 Paired box gene 2 Renal-coloboma syndrome Targeted null Transcription factor  

PAX3 Paired box gene 3 Waardenburg syndrome type I, III Splotch, Sp Transcription factor Developing dorsal neural tube, pigmentation

PMP22 Peripheral myelin protein 22 Charcot-Marie-Tooth type 1A syndrome with 
sensorineural deafness (auditory neuropathy)

Trembler, Tr Peripheral nervous system myelin 
component

Schwann cells of auditory nerve and other 
peripheral nerves

SALL1 (Hsal1) Sal-like 1 Townes-Brocks syndrome Targeted mutation producing 
truncated protein

Transcription factor  

SANS Scaffolding protein containing 
ankyrin repeats and SAM (sterile 
alpha motif) domain

Usher syndrome type 1G Jackson shaker, js Scaffolding protein Hair cells

SLC19A2 High-affinity thiamin transporter 
1 (Thtr1)

Thiamin-responsive megaloblastic anemia 
syndrome (diabetes mellitus, megaloblastic 
anemia, sensorineural deafness)

Targeted null Thiamin-transporter  

SLUG, SNAI2 Snail homolog 2 Waardenburg syndrome type II Targeted null Transcription factor Embryonic neural crest

SOX10 SRY-box containing gene 10 Waardenburg syndrome type IV Dominant megacolon, Dom Transcription factor Otocyst, pigmentation, gut

TBX1 T-Box 1 DiGeorge syndrome Targeted null Transcription factor Otocyst

TCOF1 Treacle Treacher Collins syndrome  Nucleolar trafficking protein Widespread, including skull and jaw

THRB Thyroid hormone receptor β Thyroid hormone resistance Targeted null Transcription factor  

TIMM8a Translocase of mitochondrial 
inner membrane 8a; DDP1 
(deafness dystonia peptide 1)

DFN1/Mohr-Tranebjaerg syndrome/Jensen 
syndrome

 Mitochondrial protein Widespread, including muscle

USH2A Usherin Usher syndrome type 2A Targeted null Extracellular matrix component Basement membranes in cochlea, retina

USH3A Clarin Usher syndrome type 3  Transmembrane protein  

VLGR1 (MASS1) Very large G-protein receptor 1 Usher syndrome type 2C Targeted null; frings   
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TABLE 150-3 -- GENES UNDERLYING MURINE DEAFNESS FOR WHICH HUMAN DEAFNESS HAS NOT BEEN DETERMINED

Gene Name Disorder Type of Molecule Localization

Atp2b2 (Pmca2) Ca2+ -ATPase 2, Ca2+ -transporting, plasma membrane 2 Deafwaddler, dfw Calcium pump Hair cells

Cacna1D Calcium channel, voltage-dependent, L type, α1D subunit Targeted-null mice are deaf Voltage-sensitive calcium channel Hair cells

Cdkn2d (Ink4D) Cyclin-dependent kinase inhibitor 2D Targeted-null mice; the maintenance of the postmitotic state of 
sensory hair cells is disrupted, they reenter the cell cycle and 
subsequently undergo apoptosis, resulting in progressive 
hearing loss

Cell cycle regulation Hair cells

Espn Espin Jerker, j Actin-bundling protein Hair cell stereocilia

Foxi1 (Fkh10) Winged helix/forkhead gene Targeted-null mice are deaf Upstream regulation of pendrin Endolymphatic duct/sac

Itga8 Integrin α8β1 Targeted-null mice die soon after birth and utricular hair cells 
lack stereocilia or have malformed stereocilia

Cell surface glycoprotein that mediates cell-cell and cell-
extracellular matrix interactions (signaling molecule)

Apical hair cell surface where 
stereocilia form

Kcnj10 (Kir4.1) Potassium channel, inwardly rectifying, subfamily J, 
member 10

Targeted null mice are deaf (no endocochlear potential; 
reduced endolymph volume and K+ concentration)

K+ channel Strial intermediate cells

Otog Otogelin Twister; Targeted null mice are hearing impaired Extracellular matrix component Tectorial membrane

Slc4a7 (Nbc3) Solute carrier family 4 (sodium bicarbonate cotransporter), 
member 7; NBC3

Targeted-null mice develop hearing impairment Sodium bicarbonate cotransporter (NBC); pH regulation Types I and II fibrocytes

Slc12a2 (Nkcc1) Solute carrier family 12 (sodium/potassium/chloride 
transporter), member 2

Shaker-with-syndactylism (sy); Shaker-without-syndactylism 
(syns); Targeted-null mice are deaf

Na+ -K+ -2Cl- cotransporter Strial marginal cells

Spnb4 β-Spectrin 4 Quivering, qv Ion channel localization in myelinated nerves Spiral ganglion neurons
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Autosomal-recessive forms of inherited hearing loss account for most (∼80%) nonsyndromic abnormalities, and interestingly, mutations in some genes (e.g., myosin VII) are responsible for forms of isolated autosomal-dominant deafness, 
autosomal-recessive deafness, and syndromic deafness ( Table 150-1 and Table 150-2 ).

The goal of this chapter, then, is to review basic mechanisms underlying sensory transduction associated with hearing and to integrate contemporary models of transduction with recently acquired information regarding the molecular structure 
and organization of key inner ear systems. Given that goal, it should be noted that no effort was made to produce an exhaustive review, because many additional factors necessary for normal inner ear development, maintenance, and function 
are known but not addressed here. Other excellent reviews that are relevant to the subject of this chapter include Fekete,[150] Cantos and others,[67] Petit and others,[390] Muller and Littlewood-Evans,[357] Resendes and others, [411] Anagnostopoulos,[18] 
Bitner-Glindzicz,[55] and Keats and others.[262] 

PASSIVE COCHLEAR MECHANICS

The cochlea, and the organ of Corti in particular, is an evolutionary marvel when it comes to the biologic engineering of intricate, microscaled mechanical systems. Although the hallmark of peripheral auditory function in mammals may be 
the evolutionary adaptation of a relatively simple, passive resonant system into an active one that consumes energy and efficiently detects and amplifies vibratory energy, it is useful to note that the fundamental nature of cochlear mechanics 
is evident even in cadavers, as was so elegantly demonstrated by Nobel prize winner Georg von Bekesy.[547] Because cochlear mechanics at this level of function are independent of other factors—neither requiring nor consuming adenosine 
triphosphate (ATP) for example—the sound-driven motion of the organ of Corti observed by von Bekesy and others is commonly referred to as passive.

The primary elements of passive cochlear transduction are hydromechanical in character, and the integrated contributions of many structural elements are known to determine the resonant character of cadaveric, therefore mechanically 
passive, cochleae ( Figure 150-1 ). The cochlear partition is composed of an epithelial sheet known as the tympanic cover layer that supports the fibroelastic basilar membrane, itself the central structure of the end organ both functionally and 
anatomically. This partition supports, in turn, both the sensory and nonsensory supporting epithelium. In addition, the fluid-filled major chambers of the cochlea, specifically the scala vestibuli and scala tympani, which are filled with 
perilymph, and the scala media, which is filled with endolymph, also play an important role in transduction. These structural elements, together with the tectorial membrane (an extracellular gelatinous structure secreted by nonsensory inner 
ear epithelial cells) that extends from the spiral limbus radially over the apical surface of the organ of Corti, comprise the principal elements underlying passive mechanical transduction. Although Reissner's membrane separates scala media 
from scala vestibuli and therefore plays an important homeostatic role in the maintenance of cochlear electrochemistry, it does not seem to play a significant role as an element of passive cochlear mechanics.

Because we are concentrating on cochlear mechanisms in this chapter, we will only remind the reader that sound waves collected in the external ear canal produce vibrations of the tympanic membrane, which can be quite complex in the case 
of high-frequency stimulation, which in turn vibrate middle ear ossicles ( Figure 150-2, A ). It is, of course, the vibratory motion of the stapedial footplate that transmits the mechanical energy of the ossicular chain directly through the oval 
window of the cochlea, effectively delivering sound pressure waves to the scala vestibuli and translating mechanical motion into pressure waves that propagate through the virtually incompressible cochlear fluids at a velocity approximating 
1.5 km/sec. At this rate of propagation, the spread of the pressure wave throughout the volume of the cochlea is nearly instantaneous. Because the bony walls of the cochlea are rigid and its fluid contents incompressible, the higher pressure 
(or lower, depending on the direction of motion of the stapedial footplate) in scala vestibuli relative to scala tympani produces a pressure differential across the cochlear partition that creates intracochlear forces that set the partition into 
motion ( Figure 150-2, D ). As we will see in more detail in a later section, the physical makeup of the organ of Corti, and the basilar membrane in particular, establishes a space-frequency map that determines the limits of hearing and the 



capacity of the individual to resolve frequency differences among vibrations that contain energy in the audible range.

Physical Dimensions

At the basal end of the cochlea near the round window, the width of the basilar membrane, as measured between the tympanic lip of the spiral limbus and the basilar crest of the spiral ligament, is narrow relative to dimensions representing 
more apical locations ( Figure 150-3 ). In fact, the width of the basilar membrane progressively increases along a base-to-apex gradient in mammals, such that in humans, for example ( Figure 150-3, E ), the width at the base is approximately 
100 µm and approaches 500 µm near the
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Figure 150-1 A, Midmodiolar section through a human cochlea showing the basal (lower), middle, and apical (upper) turns. The modiolus is the central core of the cochlea and houses spiral ganglion neurons. The cochlear duct, otherwise 
known as the scala media (SM), contains endolymph and is separated from the perilymphatic fluid chambers, scala tympani (ST), and scala vestibuli (SV) by the cochlear partition and Reissner's membrane, respectively. At the cochlear apex, 
the fluids of the ST and SV mix through an opening called the helicotrema. Kindly provided by Dr. William B. Warr. B–D, Higher magnification images of modiolar sections through the apical, middle, and basal turns of the cochlea of a 
Rhesus monkey, respectively. Images show the cochlear duct in greater detail. The modiolus is to the right of each panel. The organ of Corti rests on the cochlear partition, a structure that includes the basilar membrane (BM) and a layer of 
mesothelial cells lining the BM and facing the ST. The stria vascularis (StV) and spiral ligament (SLig) form the lateral boundary of SM. (From Engstrom H, Angelborg C: Morphology of the walls of the cochlear duct. In Zwicker E, 
Terhardt E, editors: Fact and models in hearing, New York, 1974, Springer-Verlag, p 3.) E, Cross-section of the organ of Corti from the middle turn of a cat cochlea. The triangular-shaped tunnel of Corti (TC) separates the inner hair cell 
(IHC) from the outer hair cells (OHCs). The tectorial membrane (TM) is visible but can be seen pulled away from the sensory cells. (From Engstrom H, Ades HW, Andersson A: Structural pattern of the organ of Corti, Baltimore, 1966, 
Williams & Wilkins.) 

 

Figure 150-2 A, Schematic illustration of the inner ear with the cochlea uncoiled revealing the basilar membrane and a traveling wave at one instant in time in response to a pure tone. The eardrum (tympanic membrane) and middle ear 
ossicles are also shown in relation to the semicircular canals. The oval window opens into scala vestibuli and the round window to scala tympani. (Adapted from Dallos P: J Neurosci 12:4575, 1992.) B, Drawing of the inner ear with a 
segment of a cochlear turn extracted to expose the scalae. (From Holme RH, Steel KP: Curr Opin Genet Dev 9:309, 1999.) C, Diagram of a section through the cochlea showing the location of inner and outer hair cells (IHC and OHCs, 
respectively) in relation to the basilar membrane (BM) and tectorial membrane and the direction of wave propagation. (Adapted from Ashmore JF, Kolston PJ: Curr Opin Neurobiol 4:503, 1994.) D, The ratio of pressures measured within 
the scala vestibuli (SV) and scala tympani (ST) to the pressure at the eardrum produced in response to tone bursts are plotted as a function of stimulus frequency; responses were recorded from a cat. The difference between SV and ST 
pressures is responsible for displacement of the basilar membrane (From Nedzelnitsky V: J Acoust Soc Am 68:1676, 1980.) E, Basilar membrane displacements produced in a cadaveric human cochlea in response to 200 Hz at four separate 
points in time. The envelope of the traveling wave is also indicated. (From von Bekesy G: Experiments in hearing, New York, 1960, McGraw-Hill, published in Pickles JO: An introduction to the physiology of hearing, ed 2, London, 1988, 
Academic Press.) F, Envelopes of traveling waves measured along the basilar membrane in a cadaveric human cochlea in response to four stimulus frequencies, showing the relationship between the location of peak displacement and 
frequency (higher frequencies produce peaks at locations progressively closer to the base). (From von Bekesy G: Experiments in hearing, New York, 1960, McGraw-Hill.) 



 

Figure 150-3 A, Photograph of the cochlea of a guinea pig after the outer bony shell has been thinned. (From Wasterstrom SA: Scand Audiol Suppl 23:1, 1984.) B, Scanning electron micrograph (SEM) of a chinchilla cochlea after the bone 
on one side has been removed. The bony modiolus (M) is shown in the center, and the fluid-filled scala tympani (ST) and scala vestibuli (SV) are indicated in the basal turn. The helicotrema (H) is shown at the apex, and the arrows indicate 
the osseous spiral lamina to which the cochlear partition is attached at its medial extent. The round window (RW) and the stapes (S) are indicated, and the footplate of the stapes (S) has been pulled away slightly exposing the oval window 
(OW). (From Harrison RV, Hunter-Duvar IM: An anatomical tour of the cochlea. In Jahn AF, Santos-Sacchi J, editors: Physiology of the ear, New York, 1988, Raven Press, p 160.) C, Schematic illustration of the variation in thickness of 
the basilar membrane (black area) and the associated mesothelial layer (hatched area) and the width of the basilar membrane (horizontal axis) at six locations along the cochlear spiral of the cat; specified locations are relative to the base. 
The demarcation between the arcuate and pectinate zones is indicated by the left arrow at each location; the arcuate zone (pars tecta) extends from the lip of the osseous spiral lamina to the foot of the outer pillar cell (OPC) and the pectinate 
zone from the OPC to the basilar crest of the spiral ligament (right arrows). (From Cabezudo LM: Acta Otolaryngol 86:160, 1978.) D, Scaled representation of the ribbonlike nature of the human basilar membrane indicating its width 
relative to its length. (From Wever EG: Theory of hearing, New York, 1949, Dover Publications.) E, Quantitative relationship between the width of the basilar membrane (BM) and the distance from the base for the human,[566] cat, [66] and 
guinea pig.[151] F, Estimates of the stiffness of the basilar membrane in the guinea pig as a function of location. (Adapted from Gummer AW, Johnstone BM, Armstrong NJ: J Acoust Soc Am 70:1298, 1981.) G, Maps of the characteristic 
frequency (CF) of a cochlear location (i.e., peak of the envelope of the traveling wave) as a function of position along the basilar membrane for several species. Note that the lengths of the basilar membrane for each species can be estimated 
by the distance that each curve occupies along the x-axis. Frequency-position maps were based on a formulation developed by Greenwood[192] using empirical fits to data for the species shown here, except for rat, which was developed by 
Muller. [356]  

 
†References [74] [95] [99] [146] [202] [269] [270] [313] [425] [434] . 
‡References [195] [277] [406] [407] [491] [555] [556] . 
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Figure 150-4 A, Schematic representation of traveling waves propagating along the basilar membrane (BM) in response to a pure tone. When the cochlear amplifier is functioning, outer hair cells (OHCs) within a restricted region of the 
traveling wave peak exert a force that enhances BM motion relative to that observed during passive mechanics alone for low-level stimuli. (From Ashmore JF, Kolston PJ: Curr Opin Neurobiol 4:503, 1994.) B, Similar to A, except note that 
the peak of the traveling wave produced with cochlear amplification is much narrower than the peak produced during passive mechanics alone, which is important for frequency discrimination. Also note that during active amplification, the 
peak of the traveling wave occurs slightly more basal than that produced during passive mechanics. (From Gummer AW, Preyer S: Ear Nose Throat J 76:151, 1997.) C, Schematic relationship between stimulus level and BM displacement. 
When OHCs are normal, stimulus level increments <40-dB SPL produce a linear increase in BM displacement. Between approximately 40- and 80-dB SPL, OHC responses saturate, producing a compressed response and nonlinear growth. 
Above 80-dB SPL, growth becomes linear again. When OHCs are damaged, displacements occur only to higher level stimuli and exhibit linear growth. D, The relationship between stimulus frequency (measured in octaves relative to the 
characteristic frequency [CF] at that location) and the level required to elicit a criterion or "threshold" response at a given point along the BM (e.g., tuning curves). When the cochlear amplifier is operational, thresholds may be 40 to 60 dB 
lower and frequency selectivity greatly enhanced compared with a passive cochlea. 

 

Figure 150-5 Measurements of BM motion in a healthy chinchilla cochlea at one location near the base in response to tone bursts. A, Measurement of BM velocity in response to tone bursts (abscissa) at various levels (parameter). The "CF" 
at this location is 9 kHz. (From Ruggero MA, Rich MC: Hear Res 51:215, 1991.) B, Tuning curves (i.e., stimulus levels required to generate a criterion response as a function of stimulus frequency) are shown for a criterion BM velocity of 
0.1 mm/sec and for a criterion displacement amplitude of 1.77 nm. Data were taken from A. A tuning curve from an auditory nerve fiber that innervates this BM location is also shown. (From Ruggero MA, Rich MC: Hear Res 51:215, 1991.) 
C, BM velocities as a function of stimulus level for various frequencies. A line showing a linear relationship between velocity and level is also shown. (From Ruggero MA: Curr Opin Neurobiol 2:449, 1992.) D, The ratio between BM 
velocity and stapes velocity (i.e., gain) as a function of stimulus frequency. Note the high gain (i.e., amplification) at low stimulus levels near the CF location that is reduced as a stimulus level increases. (From Ruggero and others: Philos 
Trans R Soc Lond B Biol Sci 336:307, 1992.) The figure was prepared by Geisler.[179]  
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Figure 150-6 A, Drawing of an outer hair cell (OHC) showing the cylindric soma; the nucleus located near the basal end of the cell; the cuticular plate at the apex of the cell where the rootlets of the stereocilia insert; the subsurface cisternae, 
which are stacks of smooth endoplasmic reticulum that line the lateral sides of the cell; and Hensen's body, which is a continuation of the endoplasmic reticulum, located beneath the cuticular plate. This structure likely functions as a Golgi 
apparatus. (From Lim DJ: Hear Res 22:117, 1986.) B, Transmission electron microscopy of the lateral membrane of a guinea pig OHC, showing the plasma membrane (pm), the cortical lattice (cl) just beneath the pm, the lateral cisterns (lc), 
and mitochrondria (m) just inside the lc. Scale bar is 200 nm. (From Holley MC: Outer hair cell motility. In Dallos P, Popper AN, Fay RR, editors: The cochlea, New York, 1996, Springer-Verlag, p 386.) C, Diagram of the OHC lateral 
membrane, where the inner and outer leaflets of the plasma membrane have been separated revealing a high density of membrane particles not present in IHCs, which are presumably oligomers of the motor protein, prestin. The cortical 
lattice is composed of many subdomains of parallel actin filaments oriented circumferentially around the cell that are cross-linked by spectrin. The actin filaments are bound to the plasma membrane by pillar molecules (composition is 
unknown), and the subsurface cisternae lie just inside the cortical lattice. (Adapted from Oghalai and others: J Neurosci 18:48, 1998.) D, Schematic diagram of three OHCs viewed from the lateral wall of the cochlea, illustrating their angle 
of orientation in relation to Deiters' cells (DC), which cup the basal pole of each cell, leaving the lateral sides of OHCs free to move. Each DC sends a phalangeal process angled toward the apex of the cochlea that interdigitates with the 
apical surfaces of neighboring OHCs, forming a portion of the reticular lamina. (From Brownell and others: Science 227:194, 1985.) E, Diagram of the orientation of several subdomains of membrane particles (left) and an array of particles 
that undergo conformational changes that alter particle packing density associated with a change in transmembrane voltage. During depolarization, tighter packing results in shortening of the subdomain, as well as the hair cell itself, and 
during hyperpolarization, elongation occurs. (From Frolenkov and others: Mol Biol Cell 9:1961, 1998.) 

 

Figure 150-7 A, Schematic representation of the membrane topology of prestin (Slc26a5). Prestin consists of 744 amino acids and is predicted to have 12 transmembrane domains and intracellular amino-terminal and carboxy-terminal ends. 
Circles and diamonds represent positively and negatively charged amino acids, respectively. Like other products of the Slc26 gene family, prestin contains a sulfate transporter and antisigma-factor antagonists (STAS) domain within the 
second transmembrane domain. (From Dallos P, Fakler B: Nat Rev Mol Cell Biol 3:104, 2002.) B, Change in the length of an isolated OHC as a function of voltage stepped from a holding potential of -68.4 mV. (From Santos-Sacchi J: J 
Neurosci 12:1906, 1992.) The inset is an illustration of single prestin molecules located in the plasma membrane that can toggle between two conformational states, depending on transmembrane voltage. The larger the depolarization, the 
greater likelihood that the shorter state will be adopted, and vice versa. The nonlinear capacitance associated with length changes may be due to the translocation of anions, such as Cl- , represented by the black dots that move closer to the 
extracellular side during hyperpolarization and more toward the intracellular side during depolarization. (Prepared by M. Walsh.) C, Targeted disruption of prestin results in severely elevated auditory brainstem response (ABR) thresholds in 
homozygous mice, and isolated OHCs of homozygous null mice are not motile and are shorter than control OHCs. D, Electromotility and somatic lengths of OHCs from heterozygous mice are generally reduced, and values are intermediate 
between those observed in control and homozygous null mice. (Adapted from Liberman MC and others: Nature 419:300, 2002.) 



 

Figure 150-8 A, Scanning electron micrograph of the surface of the organ of Corti of a chin-chilla showing the three rows of outer hair cells (OH1, OH2, OH3), one row of inner hair cells (IH), inner and outer pillar cells (IP and OP, 
respectively), inner phalangeal cell (IPh), Deiters' cells (D1, D2, D3), and Hensen's cells (H). (From Lim DJ: Hear Res 22:117, 1986.) B, Schematic illustration of the structure of the organ of Corti: 1, basilar membrane; 2, Hensen cells; 3, 
outer phalangeal cells; 4, nerve endings; 5, OHCs; 6, outer spiral fibers; 7, outer pillar cells; 8, tunnel of Corti; 9, inner pillar cells; 10, inner phalangeal cells; 11, borders cells; 12, tectorial membrane; 13, type I spiral ganglions cell (SGC); 
14, type II SGC; 15, bony spiral lamina; 16, spiral blood vessel; 17, spindle cells; 18, auditory nerve fibers; 19, radial fiber. (From Kiang NY: Peripheral neural processing of auditory information. In Darian-Smith I, editor: Handbook of 
physiology, New York, 1984, Oxford, p 639.) C, Illustration of the expanded apical surfaces of the inner and outer pillar cells (IP and OP, respectively) in relation to the apical surfaces of outer hair cells (OHC) and the phalangeal processes of 
Deiters' cells (D1, D2, D3) forming the reticular lamina. (From Slepecky NB: Structure of the mammalian cochlea. In Dallos P, Popper AN, Fay RR, editors: The cochlea, New York, 1996, Springer-Verlag, p. 44.) D, Representation of the 
organ of Corti, showing the one row of inner hair cells and three rows of outer hair cells. Note the fluid spaces surrounding the outer hair cells and that the tallest stereocilia of OHCs are embedded in the tectorial membrane, whereas the 
stereocilia of IHCs do not reach the tectorial membrane. (From Dallos P, Fakler B: Nat Rev Mol Cell Biol 3:104, 2002.) 

 

Figure 150-9 Model of basilar membrane (BM) vibration across the radial extent of the membrane. A, As the BM moves toward scala vestibuli, at the point of maximum BM velocity, the shearing motion between the BM and tectorial 
membrane causes the stereocilia to bend in the excitatory direction, producing depolarization and contraction or shortening of the OHCs, pulling the reticular lamina (RL) toward the BM. B, As the BM moves toward the scala tympani, and at 
the point of maximum BM velocity, hair bundles are deflected in the inhibitory direction, causing hyperpolarization and elongation of the OHCs. Dotted lines indicate the positions of the BM and RL at rest. Note that the large dot along the 
BM located at the foot of the outer pillar cell (OPC) represents a pivot point, which allows the displacement of the BM beneath the tunnel of Corti to be out of phase with the displacement that occurs under the OHCs. (From Nilsen KE, 
Russell IJ: Proc Natl Acad Sci USA 97:11751, 2000.) 



 
†References [93] [95] [102] [167] [370] [387] [431] [432] [441] . 
‡References [79] [367] [371] [378] [379] [412] [467] [532] [572] [587] . 
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Although differences among studies from different laboratories are significant regarding the precise pattern of basilar membrane movement in the radial direction after displacement, many suggest that the position of greatest motion is in the 
domain of the OHC, and that motion in the OHC region is out of phase relative to the foot of the outer pillar cell. This finding has significant implications in the search to understand the relationship between inner and outer hair cell 
responses during the transduction process.

Tectorial Membrane Pathophysiology

The mass and stiffness of the tectorial membrane are important variables that together determine the resonant properties of the structure that, in turn, affects its displacement pattern during acoustic stimulation. Some investigators have 
suggested that the resonant frequency of the tectorial membrane lies about one-half octave below that of the basilar membrane's characteristic or resonant frequency at any given position along the cochlear spiral.[13] [14] [197] [607] However, until the 
opportunity to study mutant mice in which the tectorial membrane is completely detached from the spiral limbus and the surface of the organ of Corti [302] presented itself, direct evidence regarding the precise role of the tectorial membrane as 
an element of transduction was largely unavailable.

The tectorial membrane is composed of two primary matrix elements, a group of radially oriented collagen fibrils and a striated sheet matrix that is made up of tightly packed, small-diameter filaments 

 
Figure 150-10 Targeted deletion of the (α-tectorin gene, Tecta, in mice causes complete detachment of the tectorial membrane from the organ of Corti, which, in turn, results in elevated compound action potential (CAP) thresholds of the 
auditory nerve, particularly in the low-frequency and mid-frequency range (A). Open and filled symbols represent thresholds of homozygous null mice and wild-type mice, respectively. B, Basilar membrane displacement amplitudes at the 
characteristic frequency (∼60 kHz) as a function of stimulus level are shown for control (filled circles) and homozygous null mice (open circles). Triangles represent responses obtained during the postmortem (PM) period for each genotype. 
(Adapted from Legan PK and others: Neuron 28:273, 2000.) 
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Figure 150-11 A, Drawing of a cross-section through hair cell stereocilia and the kinocilium, which is only present on auditory hair cells during early development, showing the dense, regular packing of actin filaments that constitute the 



central core of each stereocilium and the single doublet surrounded by nine pairs of microtubules that make up kinocilia. (From Thurm U and others: Studies of mechanoelectric transduction in concentric hair bundles of invertebrates. In 
Lewis ER and others editors: Diversity in auditory mechanics, Singapore, 1997, World Scientific, p 119.) B, Representation of the apical region of hair cells, illustrating tip links that connect the tips of shorter stereocilia with the adjacent 
taller stereocilia and horizontal links that crosslink all adjacent stereocilia, as well as the kinocilium (also shown in A). (From Pickles JO: An introduction to the physiology of hearing, ed 2, London, 1988, Academic Press.) C, The lengths of 
inner hair cells (IHC) populating the base and apex are similar, as are IHCs from humans and chinchilla, whereas outer hair cell (OHC) lengths increase from base to apex and quite dramatically in the case of human OHCs. Data from human 
hair cells were from Nadol[362] and those for chinchillas were from Lim.[315] D and E, The length of the stereocilia in the tallest row of a hair bundle increases progressively from base to apex in humans (D) and chinchillas (E). Data from humans 
were obtained by Wright[578] and those for chinchillas by Lim. [316] F, The number of stereocilia per row as a function of distance along the cochlear partition. Data obtained from Lim.[316]  

 

Figure 150-12 A, Scanning electron micrograph (SEM) of the outer hair cell (OHC) region of a mouse cochlea after the tectorial membrane and pillar cells have been removed, showing the large intercellular chamber that OHCs occupy in 
situ. B, Higher magnification of an SEM showing the highly ordered hair bundle of a single OHC. (A and B, From Friedman TB and others: Adv Otorhinolaryngol 56:131, 2000.) C, SEM of the tallest row of stereocilia of an inner hair cell 
(IHC) from a guinea pig cochlea. The view is looking toward the modiolus. Note the horizontal links adjoining adjacent stereocilia (arrows) and the narrowing of each stereocilium as each approaches the apical surface of the hair cell. Scale 
bar is 500 nm. D, SEM of an IHC from a guinea pig cochlea showing the nearly straight alignment of stereocilia compared with the -shape or -shape arrangement characteristic of OHCs. (C and D, From Pickles JO: An introduction to the 
physiology of hearing, ed 2, London, 1988, Academic Press.) 

 

Figure 150-13 A, High-resolution images of tip links in a hair cell from a guinea pig cochlea showing splaying of the link at the upper insertion point on the taller stereocilium. Scale bar is 100 nm. Higher magnification image of the upper 
aspect of a tip link (B), the central portion of the tip link (C) showing two helically intertwined filaments (scale bar is 10 nm), and (D) the lower insertion point of a tip link from a guinea pig utriculus also branches (arrows) (scale bar is 100 
nm). (From Kachar B and others: Proc Natl Acad Sci USA 97:13336, 2000.) E, Illustration of a tip link and associated transduction channel at each end of the link. (From Holt JR, Corey DP: Proc Natl Acad Sci USA 97:11730, 2000.) 



 

Figure 150-14 A to C, High-resolution images of tip links from a bullfrog showing buckling (A) and stretching (B and C). D and E, Transmission electron micrographs showing buckling (D) and a tip link under tension (E). Note the electron 
densities at each end of the tip link and the pulling of the stereocilium's membrane to a point when tension is high (B, C, and E). (From Kachar B and others: Proc Natl Acad Sci USA 97:13336, 2000.) F and G, Schematic illustration 
showing hair bundle deflections toward the taller stereocilia causes stretching of tip links and opening of transduction channels (G), and when the hair bundle is deflected toward the shorter stereocilia, tip links are compressed (F), closing 
any transduction channels that were open. (From Pickles JO: An introduction to the physiology of hearing, ed 2, London, 1988, Academic Press.) 



 

Figure 150-15 A, Drawing of an inner hair cell (left) and an outer hair cell (right), illustrating some of the basolateral membrane ion channels, pumps, and contacts by nerve endings. Three potassium currents in the IHC are shown: The K+ 
current with fast kinetics, IK,f is carried by the large conductance Ca2+ -dependent and voltage-dependent K+ channel, BK; the IK,S current with slow kinetics is carried by a KV -type channel. Both of these are outwardly rectifying. A slow 
delayed rectifier activated at negative potentials, IK,n , carried by KCNQ4 channels is also shown.[376] In OHCs, the major basolateral membrane K+ current is IK,n , which is active at negative potentials and carried by voltage-dependent KCNQ4 

channels. A smaller voltage-dependent and Ca2+ -dependent current, IK,Ca2+ ,-carried by BK channels is also present. In addition, acetylcholine released by efferent nerve terminal binds to acetylcholine receptors (AChR α9/α10) on OHCs that 
activate Ca2+ -permeable excitatory channels, which evoke a hyperpolarizing potassium current (IK,ACh ) mediated by a small conductance Ca2+ -activated potassium channel (SK2). Both IHCs and OHCs have voltage-gated Ca2+ currents 

mediated by L-type Ca2+ channels (LTCC) formed by α1D subunits (class D channels) that open during depolarization,[186] causing Ca2+ to enter the cell and trigger neurotransmitter release. Ca2+ is extruded from both hair cell types through 
plasma membrane Ca2+ -ATPase isoform 1 (PMCA1) pumps, and PMCA3 is localized to the cuticular plate region of IHCs (PMCA2a is concentrated in the stereocilia). Note that most channels are actually located in the basal portion of the 
membrane. In addition, Cldn14 is localized to the tight junctions near the apical membrane, and zona occludens 1 (ZO-1) is located near the tight junctions and cuticular plate of both hair cell types, as well as supporting cells. Otoferlin 
(Otof) is a cytoplasmic protein found in IHCs, and possibly OHCs as well, whereas prestin is present only in OHCs. Aff, afferent nerve ending; Eff, efferent nerve ending; DC, Deiters' cell; M, mitochondria. (Modified from Geisler CD: 
From sound to synapse: physiology of the mammalian ear, New York, 1998, Oxford University Press.) B, Receptor potential for an IHC and an OHC from the apical turn of a mouse cochlea maintained in vitro in response to hair bundle 
displacement. Data were obtained by Russell and others.[438] Inset, Directional sensitivity of a hair bundle showing that deflection toward the taller stereocilia produces excitation, and deflection toward the shorter stereocilia causes inhibition. 
Movements of the hair bundle perpendicular to the axis of symmetry produce no responses, and displacements at angled directions produce reduced responses. (From Flock A: Cold Spring Harb Symp Quant Biol 30:133, 1965.) 
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plasma membrane of hair cells. These extensions are tightly packed with microfilaments that run the length of each specialized villus.[161] Similar to microvilli of other epithelial cells (e.g., like the brush border of intestinal epithelial cells), the 
longitudinally arrayed microfilaments of stereocilia are composed of actin filaments that are arranged with the same polarity ( Figure 150-16, A ).[159] [521] This organizational scheme provides a framework for the renewal of stereocilia as actin 
monomers are incorporated into actin filaments at the tips of the stereocilia as older components of the actin filaments cycle toward the cell body at a rate of approximately 2.5 µm/day.[457] These data suggest that complete turnover of the actin 
core of the tallest stereocilia takes approximately 2 days in the base and 3 days in the apex of the human cochlea, rates that are much slower than the overall turnover rates of shorter, conventional microvilli, like those found on Hensen cells 
and outer phalangeal cells.[190] The continuous renewal of actin filaments within stereocilia may play an important role in repair and recovery from acoustic overstimulation, and the failure of this system could have significant otopathologic 
consequences.

Actin filaments are bundled in a hexagonal arrangement that is maintained by cross-linkages made up of 

 
Figure 150-16 A, The uniform polarity of actin filaments within the stereocilium is demonstrated in a lizard cochlea by incubating preparations with the S1 fragment of myosin and thereby marking the polarity of the filament. The 
arrowhead-like appearance of actin filaments indicate that their pointed ends are located proximal to the hair cell body and that the barbed ends of actin filaments are located at the stereocilia tips. (From Tilney LG, DeRosier DJ, Mulroy MJ: 
J Cell Biol 86:244, 1980.) B, Paracrystalline array of actin filaments depicted in the longitudinal orientation (bottom) and in cross-section (top), showing the cross-linkages composed of fimbrin and espin. (From Tilney LG and others: J Cell 
96:822, 1983.) C, Stiffness of hair bundles of guinea pig hair cells as a function of distance along the cochlear partition (filled circles). Also shown are lengths of the tallest row of stereocilia for each hair cell row at three basilar membrane 
locations (unfilled circles). Data were obtained by Strelioff and Flock.[505]  



 

3432

Espin and Deafness

An essential role for the bundling protein, espin, in the maintenance of stereociliary infrastructure has been identified in deaf mice that are homozygous for the jerker (je) mutation,[597] a finding that suggests that mutations in espin may 
underlie some forms of hereditary deafness in humans. The jerker trait arose spontaneously, and homozygous mutant animals exhibit stereociliary abnormalities, hair cell degeneration, deafness, and a behavioral phenotype, indicating that 
vestibular system dysfunction occurs as part of the functional phenotype as well.[24] [113] [482] [483] [500] Although stereocilia seem to develop normally, they are shorter than normal as a rule, and degenerative changes occur during the early postnatal 
period. Homozygous mutant animals are unresponsive to acoustic stimuli throughout life. Espin has been localized in hair cell stereocilia and is distributed along the entire stereocilium, [597] although light epsin staining is observed in the 
cuticular plate and soma in chicks.[306] Although fimbrin also plays a role in crosslinking actin filaments, its activity is inhibited by Ca2+ , whereas espin is Ca2+ insensitive.[42] Thus, Ca2+ entry into stereocilia may destabilize the actin core in the 
absence of espin and trigger dysfunction as a consequence.[597] Espin also binds to actin with higher affinity than fimbrin and may be an important stabilizing factor after its formation,[42] although recent data from the chick suggest 

 
Figure 150-17 A, Diagram depicting positive (depolarizing) deflection of a hair bundle by 0.5 µm for 100 msec and the resulting adaptation observed as a decrease in the probability of transduction channel opening over time during 
sustained bundle deflection. B, During the adapted state, the bundle displacement vs open probability curve is shifted horizontally along the x-axis, such that yet larger bundle displacements are required to evoke a response comparable to that 
observed at the onset of stimulation. (From Pickles JO, Corey DP: Trends Neurosci 15:254, 1992.) Two models have been proposed to account for adaptation, a motor-mediated slower process that requires resetting tip-link tension by 
slippage of the entire transduction channel along the actin filaments (C) and a direct Ca2+ -mediated adaptation (D) that results from Ca2+ entry through the transduction channel and binding to an intracellular site of the channel altering it to 
prefer the closed state. (Adapted from Holt Jr, Corey DP: Proc Natl Acad Sci USA 97:11730, 2000.) 

 

Figure 150-18 A, Protein domains of cadherin 23. The amino terminal end is located in the extracellular space and consists of 27 extracellular repeats. A single transmembrane domain is followed by a short intracellular segment. (Adapted 
from Bork JM and others: Am J Hum Genet 68:26, 1002.) Scanning electron micrographs (SEM) of a normal mouse OHC bundle at postnatal day 4 (B) and an age-matched waltzer mutant mouse (Cdh23v2J /Cdh23v2J ) (C). Note the disarray of 
stereocilia and the isolated clusters of stereocilia from the mutant mouse cochlea. (From Steel KP: Proc Natl Acad Sci USA 99:14613, 2002.) 
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Figure 150-19 A, Schematic illustration of a hair cell and locations of unconventional myosins and other proteins essential for hearing. (Modified from Mermall V, Post PL, Moosesker MS: Science 279:527, 1998.) B, Sketch of hypothetical 
actions of unconventional myosins in stereocilia: (1) a barbed-end myosin transporting cargo from the cell body toward the barbed end of the actin filaments within the stereocilium; (2) a membrane-bound, barbed-end myosin, allowing the 
actin filament to slide past it toward the cell body while maintaining a fixed position along the stereocilium; (3) a pointed-end myosin that can transport cargo toward the cell body; (4) a pointed-end myosin that is membrane bound and 
promotes the outward movement of actin filaments. C, Model showing ATP driving a barbed-end myosin motor and the associated stroke of the neck/lever arm, promoting movement toward the barbed ends of actin filaments. D, Myosin VI 
is the only known member of the myosin superfamily that moves toward the pointed end of actin filaments, showing how a converter could alter the direction of neck/lever arm motion. (Modified from Rodriguez OC, Cheney RE: Trends Cell 
Biol 10:307, 2000.) 
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of stereociliary integrity have been described.[464] Similar abnormalities have been described in the mutant zebrafish, mariner.[141] [366] In Myo7a6J /Myo7a6J mice, the kinocilium, when identifiable, is erratically positioned on the hair cell's apical 
surface, and stereociliary arrangement is irregular in the case of at least some hair cells. These abnormalities are observed as early as 18 gestational days. Stereociliary disarray progressively worsens with age, and random loss of stereocilia 
along with a chaotic expression of bundles or clusters of stereocilia with aberrant orientations replace the highly stereotypical orientation and pattern of stereocilia 

 
Figure 150-20 A, Protein domains of myosin VIIa. (Adapted from Chen Zy and others: Genomics 36:440, 1996; and Hasson T: Curr Biol 9:R838, 1999.) B and C, SEM of an OHC hair bundle in a 20-day-old control mouse (B) and an age-
matched Myo7a6J homozygous mutant mouse (C). (From Self T and others: Development 125:557, 1998.) D, Relationship between hair bundle displacement and transducer current in a control and homozygous mutant OHC held at -84 mV. 
(From Gale Je and others: J Neurosci 21:7013, 2001.) E, Abnormalities in hair bundle stiffness, extent of adaptation, activation, and recovery time constants in Myo7a mutant mice. (Data were obtained by Kros and others.[290] ) 

 

Figure 150-21 A, Protein domains of protocadherin 15. The amino terminal end is located extracellularly and consists of 11 extracellular cadherin repeats. A single transmembrane domain is followed by an intracellular segment (Adapted 
from Alagramam KN and others: Nat Genet 27:99, 2001.) B and C, SEM of the surface of the organ of Corti from the base of the cochlea on the day of birth in a control mouse (B) and an age-matched Pcdh 15av-Jfb homozygous mutant mouse 
(C). Scale bar represents 2 µm. (From Hampton LL and others: Hear Res 180:67, 2003.) 



 

Figure 150-22 A, Protein domains of myosin VI. Note the converter domain located between the motor head and the IQ domain. (Adapted from Ahmed ZM and others: Hum Mol Genet 12:3215, 2003.) B to E, SEMs of OHC hair bundles in 
Snell's waltzer mutants at birth from the basal turn (B), 3 days after birth, basal turn, (C) 7 days after birth, basal turn (D), and 12 days after birth, apical turn (E). (From Self T and others: Dev Biol 214:331, 1999.) F, Golgi apparatus, 
measured as the percentage of the cell occupied by Golgi, is reduced in immortalized fibroblastic cell lines of Snell's waltzer mutant mice (untreated Snell's waltzer cell line, sv ut) compared with wild-type (wt) and the phenotype could be 
rescued by transfection of fully functional myosin VI (sv+M6). Protein secretion is also reduced compared with wild-type cells as determined by cultures transfected with a construct that expresses a soluble secreted form of alkaline 
phosphatase; measurements of alkaline phosphatase were performed 48, 72, and 96 hours after transfection. (Data obtained by Warner and others.[554] ) 



 

Figure 150-23 Top, Protein domains of myosin XVa. Note the large GFP domain located at the amino terminal end. (Adapted from Belyantseva IA, Boger ET, Friedman TB: Proc Natl Acad Sci USA 100:13958, 2003.) Bottom, SEMs of IHC 
(upper row) and OHC (lower row) hair bundles from 1-month-old wild-type (left) and homozygous Myo 15sh2-J mutant (right) mice. Note the very short stereocilia in both inner and outer HCs. (From Anderson DW and others: Hum Mol Genet 
9:1729, 2000.) 

 

Figure 150-24 A, Protein domains of whirlin. (Adapted from Mburu P and others: Nat Genet 34:421, 2003.) B and C, SEMs of IHCs located in the middle turn of the cochlea from 35-day-old control +/wi (B) and wi/wi (C) mice. Note the 
very short stereocilia from the homozygous mutant mouse. Scale bar is 2 µm. (From Holme RH and others: J Comp Neurol 450:94, 2002.) D, The lengths of the tallest stereocilia in 35-day-old wild-type heterozygous and mutant mice are 
shown for IHCs from the apical, middle, and basal turns of the cochlea. E, The length of the tallest IHC stereocilia from hair cells located in the middle turn is shown for heterozygous and homozygous mutant mice as a function of age. (D 
and E, data obtained by Holme and others.[224] ) 

 



Figure 150-25 A, Representation of tight junction strands connecting the most apical region of the lateral membrane of two adjacent cells. Tight junctions function as barriers to establish distinct fluid compartments separating the apical 
surface of the epithelial cells from the basolateral compartment by preventing admixture of molecules located above the apical surface of the cells from those surrounding the lateral membranes. Tight junction strands associate laterally with 
those in apposing membranes forming paired strands. The aqueous pores regulate the passive paracellular passage (arrow) of ions, water, and various molecules, and these vary among epithelial cells in terms of size and charge selectivity. B, 
Proteins in the claudin family are integrally responsible for the formation of tight junction strands and have four transmembrane domains, two extracellular loops, and both the amino and carboxy terminals are located on the intracellular side 
of the membrane. (Modified from Tsukita S, Furuse ML: Ann NY Acad Sci 915:129, 2000.) C, Claudins located on adjacent cells can form homophilic associations resulting in intercellular adhesion, and some are capable of heterophilic 
associations, and they connect to the actin cytoskeleton by means of the scaffolding protein, zona occludens 1(ZO-1), as well as other members of the ZO family. Occluden is also a component of tight junction strands, although it does not 
seem to be required for the formation of tight junctions; however, it can affect tight junction function. (From Takai Y, Nakanishi H: J Cell Sci 116:17, 2003.) 

 

Figure 150-26 A, Gap junctions, which allow the direct passage of low-molecular weight ions, second messengers, and metabolites (<1 kDa) between the cytoplasm of adjacent cells, are formed by the connexin family of proteins. Each 
connexin molecule has four transmembrane α-helical domains, and the amino and carboxy terminals are located intracellularly. Six connexins assemble to form a connexon (B), and the channel pore can be regulated by protein kinase C, Ca2

+ , calmodulin, cAMP, and pH, as well as other factors. Connexons of adjacent cells form apposing partners to form the gap junction (C). Aggregates of gap junctions form large semicrystalline arrays where the apposing plasma membranes 
are in close proximity (3.5 nm) compared with the typical extracellular distance between cells (20 nm). (Modified from Kandel ER, Siegelbaum SA, Schwartz JH: Synaptic transmission. In Kandel ER, Schwartz JH, Jessel TM, editors: 
Principles in neural science, New York, 1991, Elsevier, p 123.) 

 

Figure 150-27 A proposed scheme for ion transport within the cochlea focused on K+ circulation from cells within the stria vascularis (upper right) to the endolymphatic compartment (left), through the sensory cells and transportation back to 
the stria vascularis through epithelial cells in the outer spiral sulcus and connective tissue of the spiral ligament (lower right). Although the illustrated scheme is focused on a laterally oriented pathway from the organ of Corti toward the 
spiral ligament, a medial pathway has been proposed as well.[495] Several key proteins within this pathway have been identified as essential for normal hearing. See text for details. (Modified from Heller S: J Physiol 543:3, 2002.) 
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Alternatively, severe to profound hearing loss was identified in a strain of mice transfected with human Cx26 cDNA carrying a dominant-negative mutation. In addition, in this case the endocochlear potential was normal at least up to 21 
postnatal weeks.[292] Degeneration was observed first in the supporting cells of the organ of Corti, followed by hair cell loss, suggesting that Cx26 plays a particularly important role in organ of Corti homeostasis. Similar degeneration of the 
sensorineural epithelium was observed in a human temporal bone associated with Cx26-related hearing loss.[253] 

Targeted deletion of connexin 30 results in progressive hearing loss in homozygous null mice, although it is notable that thresholds are elevated at even the earliest ages studied.[517] Sensory cell degeneration gradually occurs during the 
postnatal period, and although the endolymphatic K+ concentration remains normal early in development, before sensory cell death occurs, connexin 30 levels decline in adult mice. In contrast, the endocochlear potential is absent in both 
young and mature homozygous mice, suggesting that Cx30 is important in the generation of the potential. Interestingly, some connexins are clearly associated with tight junctions,[261] [284] and at least a subset of the observations associated with 
Cx30 mutation may be explained if its gene product falls into that category.

Ablation of the Pou3f4 gene that is located on the X-chromosome and is known to encode a POU transcription factor expressed in fibrocytes of the spiral ligament results in a reduced endocochlear potential and profound deafness in mice,[349] 
[394] as does a spontaneous mutation named sex-linked fidget (slf). [392] Not surprisingly, developmental defects in the formation of the cochlea are also known to occur in affected animals, including an enlarged internal auditory meatus, stapes 
malformation, a reduction in the number of cochlear turns, and thinning of the bony capsule, spiral limbus, and reduced scala tympani volumes. Pou3f4 is expressed extensively in cochlear tissues of mesenchymal origin during development.
[393] In humans, mutations of Pou3f4 are associated with X-linked (DFN3) deafness, resulting from both a conductive hearing loss caused by stapes fixation and progressive sensorineural pathology.[106] Reports also indicate that individuals 
carrying this mutation seem to produce large volumes of perilymphatic flow (perilymphatic gusher) during stapes surgery and exhibit abnormally large internal auditory meati.

Mutations in the KCNQ1 (KvLQT1) or KCNE1 subunit cause deafness associated with Jervell and Lange-Nielsen syndrome, as well as cardiac symptoms including a prolonged QT interval.[365] [460] [530] In addition, the endolymphatic 
compartment of transgenic mice lacking KCNQ1[68] [301] or KCNE1,[542] or mice carrying spontaneous mutations of KCNE1,[304] is collapsed, and affected animals are deaf. Mutations in the gene encoding the barttin subunit (BSND) cause Bartter 
syndrome that is associated with sensorineural deafness and kidney failure,[54] suggesting that Cl- extrusion from marginal cells into the intrastrial fluid space is essential for hearing. Interestingly, mice lacking the ClC-Ka subunit are not deaf,
[341] suggesting that the channel formed by the ClC-Kb subunit is sufficient for hearing. Targeted deletion of the NKCC1 (Slc12a2) that encodes the Na+ -K+ -2Cl- transporter protein in mice leads to deafness,[109] [154] and a spontaneously occurring 
mutation in the gene is responsible for deafness in the mouse mutant called no syndactylism (sy), which is transmitted as an autosomal-recessive trait.[122] These findings suggest that abnormalities of this protein might cause human deafness 
because of defective endolymph secretion. In transgenic mice lacking the KCNJ10 (Kir4.1) channel, the endocochlear potential is eliminated, endolymphatic K+ concentration is reduced, and Reissner's membrane is partially collapsed 
producing deafness as assessed by absent Preyer reflexes, [339] and sensory cells degenerate early in the postnatal period,[429] suggesting that KCNJ10 is necessary for providing the force for endocochlear potential generation.

Other ion channels involved with homeostasis include pendrin (Slc26a4, PDS), associated with Pendred's syndrome and prelingual profound deafness, DFNB4, [307] which seems to involve enlargement of the vestibular aqueduct.[391] Pds is 
expressed in cells of the spiral prominence and in the endolymphatic duct and sac,[149] where it may function as a chloride transporter[147] and maintain homeostasis in the endolymph. Targeted disruption of the Pds gene in mice results in 
deafness.[147] Although essential components of the proposed pathway described here remain to be identified, it is clear that homeostasis within the endolymphatic compartment is essential for hearing.

SUMMARY

As we enter the 21st century, the prospect of rescuing the victims of deafness from a life of relative isolation is bright, but the challenge in front of us to make sense of the complex interplay between genes and environment that shape the 
peripheral auditory system is more than significant. The purpose of this chapter was twofold: to demonstrate just how complex the molecular and genetic basis of transduction is, and to summarize what is known today about the molecular 
and cellular basis of both transduction and deafness. Despite the steep learning curve that scientists around the world are tracking along, a learning curve that reflects an enormous and an emerging database centered on the role of integral 
proteins in the development and maintenance of inner ear anatomy and physiology, the precise
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mechanism of action is understood for only a small number of the known gene products that work harmoniously to support effective mechanoelectrical transduction, we are nonetheless on the brink of what promises to be a breathtaking 
decade.
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Chapter 151 - ELECTROPHYSIOLOGIC ASSESSMENT OF HEARING

Carolyn J. Brown 

INTRODUCTION



Previous chapters of this book have described the range of procedures used to assess hearing sensitivity in adults and children. In this chapter, the focus will be on techniques that can be used either alone or in conjunction with available 
behavioral measures to assess auditory function in populations that are either too young or otherwise unable to be evaluated using standard behavioral techniques. These measures include otoacoustic emissions (OAEs) as well as a range of 
auditory evoked potentials. The goal of this chapter is to describe these measures and to discuss how they are used in clinical practice.

OTOACOUSTIC EMISSIONS

In 1978, David Kemp[60] showed that the healthy inner ear emitted very low intensity sounds that could be measured using a sensitive microphone sealed into the ear canal. These responses not only occurred spontaneously but could also be 
evoked, and Kemp[60] theorized that these low-level acoustic signals originated from the outer hair cells (OHC) of the cochlea and were a byproduct of the nonlinear processing of the healthy inner ear. In the years that followed, support for 
these theories grew. In the early 1980s, Brownell[16] was able to demonstrate that OHCs were capable of changing shape (contracting and elongating) when stimulated. In 1993 Mammo and Ashmore[70] showed that electric stimulation of OHCs 
in isolated cochlear preparations could induce motion of the basilar membrane. These observations strongly suggest that the role of the OHC is to act as a highly tuned "cochlear amplifier" that enhances basilar membrane motion locally. 
Current views of cochlear processing suggest that OHCs are required to achieve the fine tuning and exquisite sensitivity that characterizes normal cochlear processing.[26] The general thinking is that a highly tuned system would be inherently 
somewhat unstable and that OAEs would be a natural byproduct of the "cochlear amplifier." Indeed, ears with damaged OHCs have been shown to exhibit reduced sensitivity as well as broader tuning than ears with normal OHCs.[28] [53] [67] [103] 
Additionally, OAEs are not typically measured in ears with more than a mild degree of hearing loss. [49] [96] It is this link between the presence or absence of OAEs and the function of the OHCs that has made OAEs a powerful tool for both 
clinicians as well as researchers.

Spontaneous Otoacoustic Emissions

There are two general classes of OAEs: spontaneous and evoked. Spontaneous otoacoustic emissions (SOAEs) are low-level acoustic signals that can be recorded in the ear canal without any external stimulation. SOAEs are only recorded in 
50% to 70% of ears with normal hearing sensitivity.[87] [121] They are recorded somewhat more frequently in women than men[9] [72] and in some cases are intense enough to be detected without amplification or sophisticated recording equipment.[76] 
[85] [128] However, the presence of SOAEs is not strongly correlated with the presence of tinnitus,[86] [125] and given that both the amplitude and frequency of SOAEs can vary significantly across time, the clinical applicability of SOAEs is limited.

The presence of SOAEs can be interpreted as an indication that the OHC system of the inner ear is most likely intact. The absence of SOAEs, however, is not a clinically significant finding. While SOAEs are not typically used in routine 
clinical practice, the presence of these emissions can complicate the interpretation of either transient or distortion product evoked OAEs and for that reason should be noted.

Transient Otoacoustic Emissions

Transient evoked otoacoustic emissions (TEOAE) are low-level acoustic signals that can be recorded in the external ear canal after presentation of a brief acoustic stimulus if averaging techniques are used to decrease noise levels. In normal 
cochleae, the TEOAE
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that results when a broad band stimulus, typically a click presented at approximately 80 dB peSPL, is used to stimulate a wide region of the cochlea and is also broadband. The time waveform of the TEOAE consists of a series of oscillations 
that occur within approximately 20 msec of the onset of the stimulus and shows frequency dispersion with high-frequency components occurring at shorter latencies than low-frequency components. The latency of the individual components 
of the TEOAE is determined by cochlear traveling wave mechanics.

The TEOAE is typically analyzed in the frequency domain. Signal-to-noise ratios of more than 3 to 6 dB coupled with reproducibility measures of more than 90% are the criteria most often used to determine whether a response is present 
within a specific frequency band. Generally, the presence of TEOAEs recorded in ears with normal middle ear function suggests audiometric thresholds that are normal or near normal; TEOAEs are generally not recorded in ears with 
audiometric thresholds greater than 25 to 30 dB HL.[96] 

Distortion Product Otoacoustic Emissions

OAEs can also be evoked using more frequency-specific stimuli. For example, distortion product otoacoustic emissions (DPOAEs) can be recorded in response to the presentation of two continuous tones introduced into the ear canal of a 
person with normal hearing. If a microphone is also placed into the ear canal, the recording will consist of the two primary tones but also will contain energy at a number of other frequencies. These signals are referred to as distortion 
products. The distortion product most frequently used to assess auditory function is 2F1-F2. The presence of distortion products is interpreted as evidence of the inherent nonlinearities in the normal cochlea. For clinical purposes, DPOAEs 
are recorded using pairs of continuous tones of different frequencies (F1 and F2) presented at levels of 65 and 55 dB SPL (L1 and L2), respectively, and using a stimulus frequency ratio for F2/F1 of 1.2/1.0. By systematically varying the 
frequency of the two primary tones, DPOAEs can be recorded across a wide frequency range from 1000 Hz through approximately 8000 Hz. The presence or absence of a DPOAE is determined by measuring the amplitude of the response 
recorded in the ear canal at the DPOAE frequency (2F1-F2) relative to noise floor estimates. DPOAE amplitude-to-noise ratios of between 3 and 6 dB are typically required before a response is considered significant. The absence of 
clinically significant DPOAEs in a patient with normal middle ear function suggests audiometric thresholds greater than 30 to 35 dB HL.[49] 

Clinical Applications

DPOAEs and TEOAEs both assess the same underlying cochlear phenomenon, and the presence of either type of emission suggests normal cochlear function. More specifically, it suggests normal OHC function—a finding that is typically 
correlated with normal cochlear function. Neither DPOAEs nor TEOAEs are reliably recorded in ears with conductive pathology or from individuals with other than a mild to moderate degree of sensorineural hearing loss. There is some 
indication that TEOAEs may be more sensitive to very mild amounts of hearing loss than DPOAEs, particularly at 1000 Hz. Conversely, DPOAEs may be slightly more sensitive to mild degrees of hearing loss for frequencies between 4000 
and 6000 Hz.[48] [49] [52] [96] Both are essentially screening tools. That is, neither can be used to predict the degree of hearing loss a patient has. Despite these limitations, evoked otoacoustic emissions (EOAEs) have proved to be a valuable tool in 
the evaluation of auditory function both in children and in adults.

Neonatal Screening

Perhaps the most widely used application for OAEs is as a tool for screening of auditory function in neonates. EOAEs are ideal for screening purposes because they can be recorded quickly (taking less than 1 to 2 minutes, depending on 



background noise levels) and do not require application of recording electrodes, etc. Several manufacturers have developed handheld EOAE screeners that are reasonably affordable and can be used efficiently for well-baby screenings. The 
results from large-scale studies have shown that EOAEs compare well with evoked potentials as screening tools for hearing loss in pediatric populations.[83] [95] Additionally, the cost of implementing a screening program using EOAEs is often 
lower than one that is based on the use of evoked potentials to assess auditory function—a fact that is important given the current move toward universal screening.

Evaluation of Cochlear Function

Patients with measurable EOAEs (either TEOAEs or DPOAEs) are assumed to have normal OHC function. In most cases, this is consistent with normal or near normal auditory sensitivity. Thus, the presence or absence of EOAEs can assist 
with the process of differential diagnosis as it applies to the auditory system. For example, EOAEs can be used to rule out normal OHC function in patients with idiopathic sudden-onset hearing loss. A finding of significant EOAEs in an ear 
with audiometric thresholds worse than approximately 40 dB HL suggests that the hearing loss may have a neural origin or that it may involve structures in the cochlea other than the OHCs.
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Additionally, discrepancies between EOAE findings and those obtained using behavioral threshold assessment techniques may suggest a functional component to the hearing loss.

Unfortunately, the amplitude of an EOAE is not strongly correlated with audiometric sensitivity.[49] That means that EOAEs cannot be used to determine the degree of hearing loss an individual patient has at a given frequency. However, 
EOAE amplitudes are known to be fairly stable and repeatable across time, with estimates of test-retest variability ranging from ±3 to 5 dB.[29] [71] Clinically, a change in EOAE amplitude of more than 4 to 5 dB may signal a change hearing 
sensitivity relative to a previously established baseline. Consequently, EOAEs are often used to monitor hearing during or immediately following ototoxic drug exposure. For patients who are very sick at the time of testing, the objective 
nature of the EOAE test itself may prove to be more reliable than behavioral thresholds and may also indicate very early changes in cochlear sensitivity caused by exposure to ototoxic agents.

While EOAEs can be useful tools for assessing auditory function in adults, measurement of EOAEs has recently become an integral part of the pediatric assessment protocol. Although there are behavioral techniques for evaluating hearing 
status in children as young as 6 months of age, this is a population that is often not as cooperative on a given day as one may hope. There have been many cases reported in the literature that demonstrate how access to OAEs can be used to 
verify or cross-check the information obtained using behavioral techniques.[101] Such information is invaluable and can serve to either confirm or call into question behavioral test results.

Auditory Neuropathy

Auditory neuropathy is a term that has been coined fairly recently to describe a condition in which a patient presents with measurable EOAEs and/or cochlear microphonics but with a grossly abnormal or absent auditory brainstem response 
(ABR). Individuals diagnosed with auditory neuropathy may or may not have other peripheral neuropathies, and audiometric thresholds often indicate significant amounts of hearing loss but can vary from normal to profound. Many persons 
diagnosed with auditory neuropathy have relatively poor speech discrimination and may receive only limited benefit from amplification.[8] [69] [119] 

Historically, there has been some concern that a child (or adult) with auditory neuropathy may have too much neural involvement to benefit from cochlear implantation, and many physicians advised against the procedure. However, recent 
data suggests that this advice may be too conservative. Shallop[106] is one of several investigators who have demonstrated that many children diagnosed with auditory neuropathy when implanted early can do reasonably well, and today more 
children with auditory neuropathy are receiving implants. Still, the observation of measurable EOAEs in a child who is being considered for cochlear implantation should suggest some caution be taken. Care must be taken to rule out the 
possibility of technical problems that may have contaminated the ABR measure. The parents of these children should be counseled carefully, and every effort should be made to obtain behavioral thresholds and to document lack of progress 
with appropriately fitted amplification. Such caution is warranted because it is possible these children may have better hearing than would be expected given the results of an ABR testing.

ELECTROCOCHLEOGRAPHY

Auditory evoked potentials are classified according to the time window within which they are recorded. The electrocochleography (ECoG) is a short latency evoked potential that reflects the summed activity of a large number of peripheral 
auditory nerve fibers as well as the response of generators located within the cochlea itself. The ECoG consists of three distinct evoked potentials: the cochlear microphonic (CM), the summating potential (SP), and the whole nerve or 
compound action potential (AP). Each of these responses are shown in Figure 151-1 .

The CM and the SP are both intracellular potentials. The CM is a potential that mirrors the stimulus and is thought to reflect the instantaneous displacement of the basilar membrane.[7] The SP is characterized by a baseline shift in the CM. The 
SP is also thought to originate within the hair cells of the organ of Corti.[27] [29] [122] Neither the CM nor the SP has a measurable response latency—a fact that often makes separation of the neural response from the stimulus artifact problematic.

The AP is the third evoked potential that makes up the ECoG complex. The AP is a recording of the synchronous response of a large number of auditory nerve fibers to acoustic stimulation. Whereas the CM and the SP are measured most 
easily using long duration stimuli, the AP is an onset response that is typically recorded using a click stimulus. In humans, the first negative peak of the AP (N1) is the most prominent feature of the response. This is a postsynaptic response 
and generally occurs with a latency of approximately 1 to 2 msec.

The ECoG can be recorded extratympanically via an active electrode placed either within the ear canal or on the eardrum itself and a reference electrode placed on the contralateral mastoid process. Larger
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Figure 151-1 Electrocochleography responses recorded from the human ear canal using condensation (C) and rarefaction (R) click stimuli. The major component of the whole-nerve action potential (N1), the summating potential (SP), and 
the cochlear microphonic (CM) are marked. The CM and the SP can be selectively enhanced by adding (R + C) or subtracting (R - C) the recordings made using rarefaction and condensation click. Ear canal negative deflections potentials are 
plotted as downward deflections. (From ASHA Workgroup on Auditory Evoked Potentials. The short latency auditory evoked potentials, Rockville, Maryland, 1987, ASHA, p 9, Figure 4 [based on work from Coates, 1981]. Copyright by the 
American Speech-Language-Hearing Association. Reprinted with permission.) 



 

Figure 151-2 A series of auditory brainstem responses (ABRs) recorded across a range of stimulation levels from a normally hearing young adult are shown. At high levels, all five peaks of the ABR are labeled. As the stimulation level 
decreases, wave V shows decreasing amplitude and increasing latency. These responses are plotted showing vertex positive potentials as upward deflections. The scale used for the vertical axis is 0.4 µV/division. The scales used for the 
horizontal axis is 4 msec/division. 

 

Figure 151-3 Two replications of a middle latency response are shown as recorded from a normally hearing young adult in response to click stimuli presented at 70 dB nHL. These responses are plotted showing vertex positive potentials as 
upward deflections. The scale used for the vertical axis is 2 µV/division. 



 

Figure 151-4 Two replications of the long latency response as recorded from a normally hearing young adult in response to 1000 Hz tone burst stimuli presented at 70 dB nHL are shown. These responses are plotted showing vertex positive 
potentials as upward deflections. The scale used for the vertical axis is 3 µV/division. 
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stimulation is affected by the length of profound deafness. Specifically, children who were born deaf but implanted at young ages had shorter P1 response latencies than children who were born deaf but implanted later in life. Additionally, 
evidence has shown that the latency of the electrically evoked P1 response can change during the first few weeks or months after hookup, presumably reflecting the plasticity of the very auditory system in very young children.[109] This has 
significance from a clinical perspective because it suggests that this electrically evoked cortical response might be used to assess benefit from amplification preoperatively or to help confirm that the speech processor of the cochlear implant is 
fit appropriately early in the postimplant period when the child may not yet be capable of being tested using behavioral methods. Additionally, for children with a preoperative diagnosis of auditory neuropathy or for children with multiple 
developmental delays, the EMLR and the electrically evoked cortical responses may be particularly helpful in documenting the effectiveness of electric stimulation in a person who may never be able to participate in behavioral testing 
procedures.

CONCLUSIONS

In this chapter, we have reviewed only a few of the different objective measures that can be used to evaluate auditory function in persons who are either too young or who are otherwise unable to be tested using behavioral means. Recording 
these potentials takes training, specialized equipment, and attention to detail. None of these procedures are foolproof, and none replace good behavioral assessment techniques. However, the careful application of these techniques can have a 
positive impact on the clinical practice of otology and can teach us a great deal about the normal as well as the impaired auditory system.
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Chapter 152 - DIAGNOSTIC AND REHABILITATIVE AUDIOLOGY

Paul R. Kileny 
Teresa A. Zwolan 

THE AUDIOLOGIC TEST BATTERY

In his book The Nature and Treatment of Diseases of the Ear,[53] Wilde stated:

"The degree of deafness may be learned, and the hearing distance measured by holding an ordinary watch near the external meatus, and the distance at which the tickings can be accurately counted, and at which the patient is conscious of an 
interval between these sounds, should be recorded. To effect this properly, the watch should be approached gradually to the ear until it gets to within the hearing point, and again applied directly to the auricle, and gradually removed to some 
distance."

He continued, "It is absolutely necessary, if we wish to watch the progress of a case not only to conduct these observations with great care, but also to take a written note of the hearing distance the first and each subsequent time we see the 
patient." Wilde also recommended placing the watch "gently between the teeth of the patient, and the amount of hearing thus obtained likewise noted"—an early attempt at bone conduction testing.

There have been many developments in the clinical science of audiology, because those statements were made nearly a century and a half ago, beginning with the development of instrumentation that can provide accurate quantification of 
hearing sensitivity or acuity. For instance, in his book Disease of the Ear,[9] Dench stated that "it is scarcely necessary to mention the more complicated instruments which from time to time have been devised for determining quantitative 
audition. Their use has never become universal on account of the complex construction." Continuing, however, he described and illustrated the electric audiometer developed by Urbantschitsh in 1890 that used technology made available by 
the invention of the telephone. He further discussed the phenomena of crossover and interaural attenuation, cautioning against errors that may occur when a loud sound is presented to a profoundly deaf ear in the presence of a normal-hearing 
contralateral ear.

As is done today, these early otologists used the results of auditory testing in two ways: to quantify hearing loss and to assist in the differential diagnosis of ear disease on the basis of auditory phenomena. Today, our clinical armamentarium 
consists of highly sophisticated and specific clinical test modalities that provide accurate quantitative information regarding a patient's hearing sensitivity. Other tests capitalize on specific auditory phenomena to provide differential 
diagnostic site-of-lesion information. The clinical audiology test battery can be classified into two groups on the basis of how the results are obtained: (1) behavioral or psychophysical tests, requiring a specific behavioral response to an 
auditory stimulus; and (2) objective tests, which are based on a physical or a physiologic measurement associated with an auditory stimulus. An example of a physical measurement is the acoustic immittance typically used to determine 
middle-ear status. An example of a physiologic measurement is the auditory brain stem response (ABR) and other electrophysiologic phenomena.

Typically, diagnosis is based on a combination of information obtained from the patient's history, physical examination, and audiologic test battery results. As a rule, there is a hierarchy of administration of auditory diagnostic tests 
specifically based on patient symptoms and complaints, and results obtained in one manner can often be verified by results obtained through a different modality. For instance, an air-bone gap demonstrated by pure-tone audiometry can be 
confirmed by an abnormal tympanogram, the typical otoscopic appearance of a retracted eardrum, and its poor mobility on pneumatic otoscopy to determine the presence of a conductive hearing loss caused by otitis media.
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Tests For Hearing Sensitivity or Acuity

Pure-tone audiometry is the most commonly used test for evaluating auditory sensitivity. Auditory pure-tone signals are delivered primarily through air conduction and bone conduction. The American National Standards Institute (ANSI) 
S3.20-1973 defines the threshold of audibility as "the minimum effective sound pressure level of an acoustic signal producing an auditory sensation 'in a specified fraction of the trials.'" Most often, threshold is defined as the lowest signal 
intensity at which multiple presentations are detected 50% of the time.[56] 

When used clinically, audiometric threshold data are most often displayed on a graphic plot called an audiogram ( Figure 152-1 ). Various symbols are used to represent data obtained for the right and left ears by use of both air- and bone-
conducted signals. The current audiogram representation was recommended by the American Speech Language and Hearing Association in 1974 and was adopted by ANSI S3.21-1978. Data are presented in hearing level (HL), which is 
calibrated to referent sound pressures (ANSI S3.6-1969, 1970) that represent the hearing sensitivity of normal, young adults when tested under reasonably quiet test conditions. Thus, an audiogram represents a patient's ability to hear sounds 
compared with the hearing sensitivity of a group of normal young adults.

Pure-Tone Air-Conduction Testing

Pure-tone air-conduction thresholds measure the function of the total hearing system, including the external, middle, and inner ear. In typical audiometric testing, pure tones that range in octave spacings from 250 to 8000 Hz are presented to 
the listener by headphones 

 
Figure 152-1 Audiogram showing a range of hearing loss. 



 

Figure 152-2 Audiogram with a normal bone-conduction threshold and an elevated air-conduction threshold—an air-bone gap. 

 

Figure 152-3 Audiogram showing sensorineural hearing loss; the air-conduction and bone-conduction thresholds are identically elevated. 

 

Figure 152-4 Audiogram showing mixed hearing loss; both the air-conduction and bone-conduction thresholds are elevated, but there is an air-bone gap. 



 

Figure 152-5 Classification of tympanograms: type A, type AS , type C, type D, type AD , and type B. 

 



Figure 152-6 Transient evoked otoacoustic emissions (A) and distortion-product otoacoustic emissions (B) from the same normal-hearing ear. 

 

Figure 152-7a Audiogram, (A), transient evoked otoacoustic emissions (B), and auditory brainstem responses (C), from a patient with a 7-mm intracanalicular left-sided acoustic neuroma. 



 

Figure 152-7b 



 

Figure 152-8 Electrocochleogram obtained with a tympanic membrane surface electrode from a normal ear: the summating potential/action potential ratio is normal at 0.13. 

 

Figure 152-9 Electrocochleogram obtained from the ear of a patient with Ménière's disease: the summating potential/action potential ratio is elevated (0.81). 

 

Figure 152-10 Normal two-channel auditory brainstem response typically used for neurodiagnostic purposes. 



 

Figure 152-11 Audiogram from patient with progressive bilateral hearing loss that was more pronounced on the left side. This patient was diagnosed with a left-sided acoustic neuroma. 

 

Figure 152-12 Normal right-sided auditory brain stem response (ABR) and an abnormal left-sided ABR from patient with a left-sided acoustic neuroma. 
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Chapter 153 - AUDITORY NEUROPATHY

Robert J. Tibesar 
Jon K. Shallop 

INTRODUCTION

Auditory neuropathy is a term used to describe a recently identified distinct hearing disorder. This hearing ailment is characterized by five integral features that distinguish auditory neuropathy from other types of hearing loss.[40] [70] [71] [72] [77] First, 
the patient must complain of hearing loss in at least some settings. Second, the patient must have evidence of normal outer hair cell function as demonstrated by normal otoacoustic emissions (OAEs), normal cochlear microphonics (CM), or 
both. Third, the patient must demonstrate auditory nerve dysfunction as displayed by an abnormal auditory brainstem response (ABR). The fourth distinguishing characteristic of auditory neuropathy is a poor speech recognition score that 



seems to be out of proportion to the degree of hearing loss depicted by the pure tone thresholds. Finally, the patient with auditory neuropathy is typically missing middle ear acoustic reflexes. Normal radiologic imaging studies of the brain 
and brainstem are also important because auditory neuropathy currently is a diagnosis of exclusion. Essentially, auditory neuropathy is defined as normal OAEs in the setting of absent or severely abnormal auditory brainstem response.[5] [32] [40] 
Box 153-1 lists the diagnostic features of auditory neuropathy.

History

The disorder currently labeled auditory neuropathy does not represent a new pathologic entity. In fact, it was over 20 years ago in 1979 when Davis and Hirsh presented the first case reports of patients with absent ABRs and normal or near 
normal hearing thresholds.[19] In 1980 Worthington and Peters[87] and in 1981 Lenhardt[41] also published similar cases. With the advent of OAEs in the late 1980s and the expanding uses of ABRs in the 1990s for newborn screening, a better 
understanding of auditory neuropathy began to develop. Since that time, there has been a significant increase in interest and research on auditory neuropathy. The term auditory neuropathy was first used by Sininger and colleagues in 1995,[70] 
and it is currently the most popular term for the disorder. It should be understood as a consensus term used by investigators to describe the clinical condition of hearing loss characterized by absent ABRs with normal OAEs and CM. It is 
likely that this condition has been studied over the past 20 years and has received many different titles, including paradoxical hearing loss, brainstem auditory processing syndrome (BAPS), central auditory dysfunction, and neural synchrony 
disorder or neural dyssynchrony. [32] [70] Indeed, there is still uncertainty as to whether auditory neuropathy represents a true neuropathy. The fact that peripheral neuropathy has not been a consistent finding in all patients with this enigmatic 
hearing disorder has prompted some investigators to challenge the moniker of auditory neuropathy. Some authors emphasize the dyssynchrony of temporal processing in the auditory nerve and favor the term auditory dyssynchrony.[5] As 
future research elucidates the exact nature of auditory neuropathy, perhaps the nomenclature will change to reflect the specific pathologies.

Epidemiology

The patients who meet the criteria for the definition of auditory neuropathy represent a heterogenous population. In fact, it is quite possible that not all patients with the clinical criteria for this disease have the same pathologic mechanism for 
their hearing disorder. It is likely that there are various reasons that account for the clinical findings of auditory neuropathy. * It is conceivable that, as new light is shed on auditory neuropathy, investigators will find that it is instead a 
syndrome (i.e., a constellation of findings with multiple

*References [14] [22] [28] [29] [39] [48] [58] [63] [69] [71] [78] [80] [85] [86] [88] [89] . 
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etiologic factors) and does not represent a single disease entity.

Incidence

The exact incidence of auditory neuropathy in the general population remains to be determined. Incidence data are gradually accumulating as the specific parameters of diagnosing the condition become better delineated. Some of the most 
complete data regarding the incidence of auditory neuropathy in the pediatric population come from an Australian study of a newborn hearing screening program.[57] In this study, 5199 infants underwent screening, of which 109 (54.7%) 
demonstrated an abnormal ABR. Of these 109 patients, 12 had normal outer hair cell function marked by intact OAEs or CM. These 12 patients met the criteria for diagnosis of auditory neuropathy and represented 0.23% of the general 
population. Certainly this is a small percentage of the general population; however, it is worth noting that one in nine infants with a permanent hearing deficit detected by the screening program met the criteria for auditory neuropathy. 
Another multicenter study of newborn hearing screening protocols by Cone-Wesson and others[17] detected auditory neuropathy in 5.3% of infants with hearing loss. By testing with both OAEs and ABRs, they identified 56 infants with 
permanent hearing loss. Three of these 56 infants demonstrated absent ABR and present OAEs.[17] A study by Kraus and others[39] offers further insights into the incidence of auditory neuropathy. They reported on 3 years of clinical data that 
included 543 children evaluated for suspected hearing loss. Forty-nine of these patients had absent ABRs, with seven of these demonstrated audiograms showing only a moderate hearing loss. This indicates that 14% of the patients with 
absent ABRs had findings consistent with auditory neuropathy. This represented 1.3% of the total population evaluated for hearing loss. In a smaller study by Davis  

TABLE 153-1 -- ESTIMATES OF INCIDENCE OF AUDITORY NEUROPATHY AMONG PEDIATRIC PATIENTS WITH HEARING LOSS AND ABR ABNORMALITIES

Study Patients with Hearing Loss Patients with Auditory Neuropathy Auditory Neuropathy per 100

Kraus and others[39] 48 7 14.6

Cone-Wesson and others[17] 56 3 •5.3

Rance and others[57] 109 12 11

Total 213 22 10.3 (average)

Sininger YS: Identification of auditory neuropathy in infants and children, Semin Hear 23:193–200, 2002.
 
and Hirsh,[19] audiologic results suggesting a clinical diagnosis like auditory neuropathy were reported in approximately 0.5% of their patients. Findings consistent with auditory neuropathy were detected in five of 60 (12%) children evaluated 
by Berlin and colleagues[5] for a diagnosis of deafness. A study by Park and Lee[53] found that 6% of patients with bilateral severe to profound hearing loss had the unexpected finding of present OAEs. Currently it is estimated that 0.5% to 
1.3% of the population evaluated in the audiology clinic will meet the criteria for a diagnosis of auditory neuropathy. Furthermore, approximately 12% to 14% of patients with absent ABRs and severe to profound hearing loss actually have a 
diagnosis of auditory neuropathy. Table 153-1 and Table 153-2 summarize these studies as they pertain to the incidence of auditory neuropathy.[71] 

 
 



Box 153-1. DIAGNOSTIC FEATURES OF AUDITORY NEUROPATHY

1.  Some complaint of hearing loss
2.  Poor speech (word) recognition scores
3.  Normal OAEs or CMs
4.  Abnormal or absent ABR
5.  Absent middle ear acoustic reflexes
6.  Normal imaging study

 
 
Assessment of an accurate incidence of auditory neuropathy is hindered by the difficulty in making a definitive diagnosis. The notion of an absent ABR in a patient with normal or only mildly impaired audiometric thresholds has been met 
with considerable doubt, both in the literature as well as the clinic. This skepticism causes the clinician to doubt the accuracy of test results, frequently citing technical error to account for the inconsistent and erratic pure tone thresholds 
obtained in the same patient over time. Occasionally the patient gets labeled as a malingerer
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TABLE 153-2 -- ESTIMATES OF INCIDENCE OF AUDITORY NEUROPATHY AMONG NEONATES FROM NICU OR CONSIDERED AT RISK FOR HEARING LOSS

Study Neonates at Risk Positive for AN Incidence per 1000

Rance and others[57] 5199 12 •2.3

Stein and others[80B] 100 4 40

Psarommatis and others,[54A] 102 2 20

Total 5401 18 •3

   (average)

Sininger YS: Identification of auditory neuropathy in infants and children, Semin Hear 23:193–200, 2002.
 
and is dismissed. These inconsistent audiometric findings in children are even more difficult to interpret. As a result, patients who meet the criteria for auditory neuropathy are often misdiagnosed. Current incidence data do not correct for this 
underdiagnosis. In the future, as clinical awareness and the application of ABRs and OAEs become more widespread, the realized incidence of auditory neuropathy is likely to increase.

The broader application of OAEs and ABRs has generated controversy and presents a practical dilemma for the institution of newborn hearing screening protocols. By their nature, these protocols are designed to be efficient, sensitive, and 
cost effective. A screening protocol in which OAEs are performed primarily and ABRs are reserved only for OAE failures is currently recommended and commonly practiced. [50] [51] It is noteworthy that such a screening protocol would miss 
the diagnosis of auditory neuropathy. This would likely represent 10% of children with hearing loss.[70] A recent position statement from the Joint Committee on Infant Hearing acknowledges this limitation and calls for further study of the 
nature of auditory neuropathy. [33] 

Demographics

Patients with auditory neuropathy represent a heterogeneous clinical cohort. Through multicenter collaboration, Sininger and Oba[71] have compiled meaningful demographic data on 59 well-defined patients with auditory neuropathy. They 
found that the mean age of onset for auditory neuropathy symptoms in their group was 9 years of age. The range of onset was from birth to 60 years. Those children younger than 2 years of age at the time of onset of symptoms represent the 
largest group. Children out-numbered adults significantly, with 75% of the patients in the database presenting before the age of 10 years. They found an equal distribution of male to female patients with auditory neuropathy.

Approximately 73% of the patients with auditory neuropathy in their database did have some associated medical condition or positive family history of hearing loss. This was even more pronounced in those patients with onset of symptoms 
before age 2, with 80% having family or neonatal risk factors for hearing loss. Neonatal risk factors included prematurity and hyperbilirubinemia. Forty-eight percent of the infants had both a family predisposition and neonatal risk factors, 
implicating the possibility of synergism of these two risk factors. Approximately 46% of patients had a family history of hearing disorder or a genetic basis for auditory neuropathy. Identified syndromes in these 59 patients included: Charcot-
Marie-Tooth disease type 1 or type 2 (eight patients), Friedreich's ataxia (four patients), Stevens-Johnson syndrome (one patient), Ehlers-Danlos syndrome (one patient), purulent meningitis (one patient), or infectious disease. Other patients 
had associated conditions of seizure disorder (four patients), high fever (two patients), and severe vision disorders, stroke, and torticollis (with one in each). Box 153-2 lists the medical conditions associated with auditory neuropathy.

The exact nature of the association of peripheral neuropathy in patients with auditory neuropathy is not well understood at this time. The finding of a peripheral neuropathy or cranial neuropathy can be a consequence of many different 
etiologies such as infection, degenerative process, genetic disorders,
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toxic metabolic conditions, and autoimmune conditions. In contrast to optic, trigeminal, and facial neuropathies, neuropathies of the auditory nerve are not typically recognized except for cases of acoustic neuroma causing compression of the 
auditory nerve. In the cohort of patients studied by Sininger and Oba, peripheral neuropathy was detected in 18 of 70 (27%) patients with auditory neuropathy.[71] Some patients have also demonstrated an autonomic neuropathy. Nevertheless, 
there are approximately two thirds of patients (mostly children and adolescents) who currently have no evidence of peripheral neuropathy.



 
 

Box 153-2. MEDICAL CONDITIONS ASSOCIATED WITH AUDITORY NEUROPATHY

1.  Neonatal anoxia
2.  Premature birth
3.  Neonatal hyperbilirubinemia
4.  Infectious process (e.g., mumps, meningitis)
5.  Immune disorder (e.g., Guillain-Barré syndrome)
6.  Nonspecific febrile illness
7.  Seizure disorder
8.  Hereditary sensorimotor neuropathy, also known as Charcot-Marie-Tooth disease
9.  Mitochondrial enzymatic defects

10.  Olivo-Pontine cerebellar degeneration
11.  Friedreich's ataxia
12.  Stevens-Johnson syndrome
13.  Ehlers-Danlos syndrome
14.  Spinocerebellar degeneration
15.  Leukodystrophy
16.  Gonad dysgenesis

 
 
GENETICS OF AUDITORY NEUROPATHY

Elucidating the genetic basis of auditory neuropathy has proved to be a formidable task. The difficulties stem from small family sizes and many different genes resulting in similar phenotypes. Current data suggest that auditory neuropathy 
represents a genetically heterogeneous set of hearing disorders. * While many cases of auditory neuropathy are sporadic, the most complete genetic studies have focused on families with multiple affected members. In some families, the child 
and a parent were affected, indicating an autosomal dominant inheritance pattern. These patients were more likely to present with a slowly progressive hearing loss and have an associated peripheral neuropathy. In other pedigrees, two or 
more children and not the parents are affected, suggesting an autosomal recessive inheritance pattern. The autosomal recessive form generally presents in infancy with profound hearing loss and no associated peripheral neuropathy. 
Kalaydjieva and others[34] [35] studied a Roma family pedigree with autosomal recessive auditory neuropathy and localized the gene to the long arm of chromosome 8. Butinar and colleagues[14] performed extensive auditory testing on members 
of another Roma family with auditory neuropathy, and through linkage analysis identified the gene in the same region of chromosome 8. The genetic defect was localized to 8Q24. It is worth noting that both of these Roma families 
demonstrated hereditary sensorimotor neuropathy and recessive inheritance. The genetic studies by Rogers and Kimberling[58A] identified seven children with auditory neuropathy from three families. Through linkage analysis they identified 
two regions, one on chromosome 1 and one on chromosome 7, that are possible locations for the auditory neuropathy gene. Varga and others [84] obtained valuable genetic data in their study of four families with two or more children affected 
with nonsyndromic recessive auditory neuropathy. They extracted DNA from the affected children and their siblings, parents, and grandparents and performed linkage analysis. Nine children from four families with auditory neuropathy had 
sensorineural hearing loss ranging from moderate to profound loss. None of the children had peripheral neuropathy, and there was no recognized syndrome or any known nongenetic factors contributing to their hearing loss. Their research 
identified the Otoferlin (OTOF) gene, which is localized on chromosome 2, to be responsible for the nonsyndromic recessive auditory neuropathy. Out of eight alleles, four Otoferlin gene mutations were observed in these families. One 
mutation was a frame shift, one was a splice site, and there were two missense mutations. The gene encoding Otoferlin is expressed in the cochlea inner hair cell. Data indicate that the Otoferlin protein may play a role in transmembrane 
transport and inner hair cell synaptic vesicle fusion.

Starr and others[80] studied a family with deafness and inherited peripheral neuropathy. The affected family members had hereditary sensory motor neuropathy and deafness. Although modern audiometric testing was not performed on all 
family members, the deafness was consistent with a clinical diagnosis of auditory neuropathy in this family. Blood samples were collected from three multigenerational family members and DNA was extracted from these samples. DNA 
analysis revealed a mutation in the myelin protein zero (MPZ) gene. Genetic sequencing revealed the presence of missense mutation in exon 3 of the MPZ gene in each of the affected family members.

Currently there is no genetic test to identify carriers of the recessive gene for auditory neuropathy. The ultimate goal of future research is to find and characterize the genes that cause auditory neuropathy in an effort to aid in the diagnosis and 
treatment of this disorder.

PATHOPHYSIOLOGY OF AUDITORY NEUROPATHY

The pathophysiology of auditory neuropathy is best understood by attempting to localize the lesion. This approach to disease classification is widely applied in the discipline of neurology and is applicable in this situation. The present 
consensus has narrowed the possible sites of the pathologic defect in auditory neuropathy to the inner hair cell, the synapse between the inner hair cell and the spiral ganglion, or cranial nerve VIII itself.

Inner Hair Cells and Efferent Neural Control

There is good evidence supporting the inner hair cell as the site of the lesion. Normal outer hair cell function

*References [14] [15] [18] [29] [34] [35] [49] [55] [66] [80] [84] [88] . 
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is essential for sensitive hearing below the range of approximately 60 dB. Above this range, it is conceivable that inner hair cell function could explain audiometric thresholds. In other words, outer hair cells enable us to hear soft to moderate 



sound levels (0–60 dB) and inner hair cells have a different function. The inner hair cells integrate movements of the outer hair cells and also enable us to hear moderate to loud sound (>60 dB) with or without the outer hair cells. Efferent 
fibers and the stapedius reflex act as feedback controls limiting loud sounds. It is also known that 95% of the afferent innervation of the auditory nerve is to the inner hair cells.[73] Therefore, we must assume the inner hair cells and efferent 
fibers play critical roles in the transmission of information to the central auditory pathways. If the inner hair cells or efferent fibers are disordered, this can have a dramatic effect on the coding of sound information through the central 
auditory system.

Models of auditory neuropathy have been suggested and demonstrated in some animal studies. For example, animals with selective inner hair cell loss have been identified including the Beethoven mouse[13] and the Bronx Waltzer mouse.[42] [60] 
Specific animal studies have also been done that demonstrate that certain drugs will chemically induce selective loss of inner hair cells.[7] [31] [43] [59] [81] In a study by Harrison[31] carboplatin was administered to guinea pigs, and this resulted in the 
specific and complete loss of inner hair cells while the outer hair cells remained functional. In this, study OAEs and CM were present but the auditory brainstem findings in these animals were abnormal. In another study, Salvi and others[59] 
also administered carboplatin, which caused the loss of inner hair cells in guinea pigs. OAEs and CM remained intact. The authors also observed that the amplitude of the compound action potential was reduced, and most likely this decrease 
in amplitude was due to the loss of the surviving neural elements in the auditory system. Harrison [31] suggested that if some of the inner hair cells remained (<20%), it might offer the opportunity for detection of sound, but a larger compliment 
of inner hair cells are needed to generate synchronous neural activity in the auditory nerve and brainstem pathways. Damage to spiral ganglion cells has also been reported.[31] [59] The carboplatin may have caused the loss of spiral ganglion 
cells. This is an interesting finding in light of earlier findings by Takeno and colleagues,[81] who suggested spiral ganglion cells may atrophy along with other auditory pathway neurons if there is a lack of stimulation due to inner hair cell loss. 
Shirane and Harrison[68] and Takeno and colleagues[81] confirmed by electron microscopy that the outer hair cells were normal but the inner hair cells were severely damaged. These studies offer evidence that carboplatin selectively damages 
only inner hair cells and preserves the outer hair cells, provided dosages carboplatin are appropriate. Furthermore, these findings provide a specific model of auditory neuropathy. In such instances, OAEs and CM are easily detectable.

The otologic effects of hypoxia and hyperbilirubinemia, which are often associated with pediatric cases of auditory neuropathy, have also been studied. Histologic analysis of the cochlea in animal models indicates that hypoxia and 
hyperbilirubinemia have a more detrimental effect on the inner hair cells as opposed to the outer hair cells. * These studies have shown that ABR thresholds can be elevated or absent while OAEs often remain. Amatuzzi and others[1] recently 
published a report on human temporal bone histologic findings in 15 neonates who did not survive intensive care. All of the children had suffered from hypoxia during their neonatal care. They found that in two cases there was a loss of outer 
hair cells alone. In three cases, there was sporadic loss of inner hair cells. They also noted that two of their neonates had a loss of both inner and outer hair cells. Interestingly, those neonates with inner hair cell loss had been assessed by ABR 
prior to death and had failed the screening. They also noted that none of their histologic studies showed specific damage or degeneration of the spiral ganglion cells or the cochlear nerve. The authors of this study state that the abnormal 
auditory brainstem findings, which are consistent with auditory neuropathy, may have resulted from the loss and dysfunction of inner hair cells.

Inner Hair Cell Synapse and Spiral Ganglion Cells

The generation of compound action potentials in the auditory nerve is clearly dependent on the communication between the inner hair cell and the dendrites of the auditory nerve. This requires neurotransmitters to be released in order to 
initiate this response. Starr and colleagues[77] have suggested that the site for this involvement could be presynaptic or postsynaptic. Along these lines, myasthenia gravis, which is known to have abnormal postsynaptic receptor sites in skeletal 
muscle, is a possible model of auditory neuropathy.[44] Patients with myasthenia gravis have been shown to have abnormal peripheral nerve disruption with abnormal temporal rate changes.[74] [75] Starr and others[76] [77] have reported similar effects 
in the ABRs in some adult patients with auditory neuropathy. Their study showed that the ABR waveforms were sensitive to click presentation rates between 10 and 20 Hz. With this minimal change in click rate, some of these

*References [1] [6] [7] [20] [65] [67] [68] [69] . 
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patients showed significant changes in the ABR morphology and latency delays.

Auditory Nerve

There is also compelling evidence that the auditory nerve itself maybe the site of the lesion in some patients with auditory neuropathy. Indeed, this was the original theory of pathogenesis as postulated by Starr and colleagues [79] in 1996. The 
association of deafness with peripheral neuropathy found in some patients was the basis for this theory. they studied a series of 10 patients and found that eight of them had other peripheral nerve abnormalities that may in fact have been part 
of a broader neurologic disorder. In another cohort of patients studied by Starr, Sininger, and Pratt,[78] peripheral neuropathy was detected in 18 of 70 (27%) patients with auditory neuropathy. The peripheral neuropathy was diagnosed based 
on one or more of the following: (1) clinical findings of absent ankle jerks or reduction vibratory sensation of the feet; (2) abnormal electrophysiologic nerve conduction studies; and (3) abnormal sural nerve biopsy. Of interest, the peripheral 
neuropathy associated with auditory neuropathy seems to be a feature unique to the adult patient population. In fact, 80% of the subjects older than 15 years of age demonstrated the presence of a peripheral neuropathy whereas no children 
younger than 5 years had any clinical evidence of peripheral neuropathy. The timing of the peripheral neuropathy associated with auditory neuropathy is unpredictable. In some patients, the hearing loss preceded the symptoms of peripheral 
weakness or sensory loss, whereas in other patients the peripheral symptoms came first. Indeed, the finding of peripheral neuropathy is not always present at the time of diagnosis of auditory neuropathy, but it may manifest itself later. There 
are a handful of examples of patients who initially tested normal from a neurologic standpoint and subsequently developed peripheral neuropathies.[77] Sural nerve biopsies from patients with clinical evidence of peripheral neuropathy have 
demonstrated mixed axonal and demyelinating neuropathy that was rapidly progressive. Figure 153-1 is an example of a demyelinated sural nerve from a patient with auditory neuropathy as reported by Starr, Picton, and Kim.[80A] 

More recently, Starr and others[80] conducted a post-mortem temporal bone histopathology examination on one member of a family with deafness and inherited peripheral neuropathy. The affected family members had hereditary sensory motor 
neuropathy and deafness. Although modern audiometric testing was not performed on this person, the deafness was consistent with a clinical diagnosis with auditory neuropathy. Microscopic examination of central auditory 

 
Figure 153-1 Sural nerve biopsy from a patient with sporadic neuropathic disorder and a control subject. In the sural nerve biopsy, note loss of large myelinated fibers and presence of secondary remyelination. (Courtesy of Starr A and 
others: Cochlear receptor [microphonic and summating potentials, otoacoustic emissions] and auditory pathway [auditory brain stem potentials] activity in auditory neuropathy, Ear Hear 22:91–99, 2001.) 
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Figure 153-2 A decision tree that may be helpful in considering auditory neuropathy cases for a cochlear implant. Assuming that the initial screening was done and there was a failure of the screening, it should be considered that both an 
auditory brainstem response (ABR) and otoacoustic emissions (OAEs) may have been measured at this point. Typically, the referral at this point would go to ear, nose, and throat (ENT) and audiology specialists for follow-up, but in some 
settings there may be an intermediate step taken by means of a visit to the family physician or pediatrician. The ENT examination is described in detail in the text and would include, as a minimum, those items listed in this figure. The follow-
up with an audiologist would include all of the items shown, including a hearing aid trial along with an assessment of auditory skills and speech and language. Once all of the evaluations have been completed, a team meeting takes place, and 
all of the findings are assessed. At this point, a decision is made regarding a cochlear implant or it is determined whether additional information or time is indicated. 



 

Figure 153-3 The preoperative transtympanic electrocochleography (ECoG) responses for auditory neuropathy case D are shown. Unfiltered clicks were presented at 80 dB via insert earphones. The recording electrode was a needle electrode 
placed on the promontory. Notice that the condensation and rarefaction clicks produce cochlear microphonics that are phase reversing. When the fixed polarity responses are summed, the cochlear microphonic cancels, and the only remaining 
signal in the lower trace is the summating potential. R + C, rarefaction and condensation combined. 

 

Figure 153-4 Preoperative electrocochleography results for auditory neuropathy child B. These recordings were made intraoperatively using a transtympanic needle placement as described in Figure 153-3 . The stimulus in this case was a 
4000-Hz tone burst at 80 dB nHL. The cochlear microphonic is very obvious in the condensation and rarefaction tracings. When these two tracings are summed (R + C), the cochlear microphonic is mostly canceled and the remaining 
summating potential is very apparent. 

 

Figure 153-5 Transient otoacoustic emissions (OAEs) measured preoperatively in the right ear for auditory neuropathy child B. These emissions were obtained in the right ear, which was the implanted ear, and essentially the same responses 
were noted in the left ear. The responses in the frequency bands from 1600 to 4000 Hz are very strong, and the wave reproducibility is reasonably good at 72%. These OAEs were present even though this child had a profound bilateral 
sensorineural hearing loss. 



 

Figure 153-6 Preoperative hearing levels for 23 pediatric auditory neuropathy patients (N = 23). These children, as a group, have hearing loss levels ranging from severe to profound between 250 and 4000 Hz. There is no indication of any 
conductive component in any of their audiograms. Group data show a slight difference between ears in the low frequencies, which is not statistically significant. BC, bone conduction; ANSI, American National Standards Institute. 

 

TABLE 153-3 -- PREOPERATIVE AUDIOMETRIC MEAN THRESHOLDS AND RANGES FOR ALL CHILDREN

 EAR 250 500 1000 2000 4000 6000 SAT SRT

AN R 78 83 83 88 99 126 77 122

Means L 66 76 85 87 100 125 76 122

AN R 55–130 55–130 45–130 65–130 70–130 90–130 30–130 55–130

Ranges L 50–130 50–130 50–130 65–130 70–130 80–130 45–130 55–130

Control R 79 90 107 110 116 130 79 124

Means L 103 110 121 123 127 130 103 130

Control R 45–105 55–130 85–130 90–130 85–130 130 60–105 75–130

Ranges L 60–130 80–130 100–130 100–130 105–130 130 55–130 130

AN, auditory neuropathy; EAR, ear; SAT, speech awareness threshold; SRT, speech reception threshold; R, right ear; L, left ear. AN (N = 22); control subjects (N = 10).
 
 
Figure 153-7 Some of the patterns that may be observed in cases of auditory neuropathy. This is not intended to be an all-inclusive figure but merely to call to the attention of the reader to some of the possible audiometric shapes that might 
be seen. The type A pattern shows significant hearing in the low frequencies and then dropping off sharply in the high frequencies. The type B pattern is unique in some cases of auditory neuropathy, with high-frequency hearing being 
considerably better. The type C pattern may also have additional low-frequency hearing loss, and in some ways this represents a more severe version of the type A pattern. 



 

TABLE 153-4 -- TYPICAL FINDINGS OF EVOKED POTENTIALS IN PATIENTS WITH A SENSORINEURAL HEARING LOSS (SNHL) VS PATIENTS WITH AUDITORY NEUROPATHY (AN)

Potential Measured Non-AN with Severe to Profound Sensorineural Hearing Loss AN with Severe to Profound Hearing Loss

ECoG — Cochlear microphonics Typically absent Present

ECoG — Summating Potentials Typically absent Present

ABR — Waves I, III, and V Reflect degree of hearing level Typically absent

ECoG, electrocochleography; ABR, auditory brainstem response.

Cochlear microphonics, summating potentials, and ABR findings are indicated for patients with AN and comparable patients without AN. The cochlear microphonics and summating potentials were obtained by ear canal or transtympanic 
ECoG. The ABR results were obtained using standard surface recording techniques.
 
in cases of auditory neuropathy. We have already illustrated this phase reversal response in Figure 153-3 and Figure 153-4 . Again, note how the CM responses for the condensation vs rarefaction clicks and tone bursts are mirror images.

MANAGEMENT OF PATIENTS WITH AUDITORY NEUROPATHY

General Points

Given such an incipient understanding of auditory neuropathy, auditory rehabilitation for these patients is challenging and often empiric. Many institutions are now in the early stages of developing standardized protocols to serve as 
guidelines for the management of auditory neuropathy. For pediatric patients a comprehensive, multidisciplinary approach to the management of auditory neuropathy is recommended. On first learning the diagnosis through newborn 
screening, it is important to provide education for the parents and family. It is essential that parents of children and the families of adult patients are well informed about the disease and are up-to-date on the current knowledge of prognosis 
and management. The goal is to assist them in making well-informed decisions about the future care of their family members who are patients.

Generally, if a newborn child is diagnosed with auditory neuropathy through OAEs and ABR screening methods, it is recommended that the child undergo a period of watchful waiting and regular assessment for auditory development. This 
includes evaluating the child's speech and language development and auditory skills. The child should have follow-up with an audiologist at 3 months of age. This examination should include tympanograms, acoustic reflexes, OAEs, and 
behavioral audiometry. At approximately 6 months of age, these examinations should be repeated. These tests should be performed as often as indicated. As soon as possible, a trial of hearing aid amplification should be performed as 
appropriate, depending on the audiologic information. An FM system can also be tried. There should be frequent assessment of efficacy and adjustments made in the amplification to ensure that a good trial has been carried out. Also, at this 
time the cochlear implant team should evaluate the patient and determine the candidacy for cochlear implantation based on the audiologic findings, hearing aid benefit, status of speech language development, and overall development of 
auditory skills.[24] A significant point of emphasis in treating children with auditory neuropathy is the acknowledgment that each child with this disorder follows a unique course. Therefore, it is important to individualize the treatment plan. It 
is likely that adjustments will need to be made throughout the course of the child's early development. Regardless of the varied impact of auditory neuropathy on a child, it is important to stress that facilitating the development of the child's 
spoken language is a prime concern and goal of the entire therapeutic team.

Hearing Aids

There is some controversy regarding the use of amplification for the management of auditory neuropathy. Some authors argue that hearing aids would be contraindicated in auditory neuropathy due to the presence of intact outer hair cells and 
the risk of noise-induced damage to these cells from amplification systems. [48] Therefore, when conducting a hearing aid trial, there are a few precautions to consider. Some investigators recommend that the hearing aids be initially fitted 
conservatively with a low maximum power output. This may be important in the preservation of functioning outer hair cells.[32] OAEs should be frequently performed during the amplification trial to assess any damage to cochlear function. 
Typically auditory neuropathy is a bilateral disorder, and one option for trial purposes is fitting appropriate amplification in one ear and continuing to monitor the OAEs in both ears. Additionally, the audiologist can try to maximize benefit 
from amplification by using directional
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microphones or personal FM systems in an attempt to decrease background noise and improve the signal-to-noise ratio. Clinicians must have information of an appropriate amplification trial, especially with a child, to know whether or not 
the patient might benefit from a hearing aid.



In most cases reported in the literature, patients with auditory neuropathy have undergone some trial with amplification. Widen and others[86] reported such a case of a woman with auditory neuropathy who was initially rehabilitated with a 
hearing aid. This person first noticed problems with her hearing at the age of 15. The report presents audiograms obtained over a 12-year period that show a progressive sensorineural hearing loss that appears to be worse in the right ear. The 
patient had OAEs that were present; however, some of her auditory evoked potentials were abnormal. Her ABRs were absent bilaterally; her middle latency responses were absent bilaterally. With a hearing aid, this patient with auditory 
neuropathy performed poorly. The authors reported that this person had a classic pattern of auditory neuropathy, although that is not what they labeled it at that time. However, surprisingly, she showed evidence of late cortical potentials that 
were better in her right ear. The authors hypothesized that perhaps the absence of the lower auditory pathway potentials may have been the result of poor neural synchrony and that the abnormality may also have resulted from absent or 
abnormal functioning inner hair cells. It is interesting to note in this case that the cortical potentials reported by the authors are better for the right ear (which is consistent with her audiogram at that time) and that the potentials from the left 
ear are more dyssynchronous.

It is accepted that children with auditory neuropathy do not respond to amplification as well as other children affected with sensorineural hearing loss. Rance and others[57] demonstrated that nearly 50% of children affected with auditory 
neuropathy received benefit from amplification. In another study of auditory neuropathy,[5] only 17% of the 50% of children who tried amplification received benefits, according to the subjective ratings made by the child's parents. It is 
important to note that in this study the amount of benefit experienced was not sufficient to support auditory learning of language. As is the case in assessing the benefit of hearing aids in other children with hearing loss, there are two main 
outcomes to consider. One is whether the amplification does indeed increase the sound input for the child. However, a more crucial question is whether the child's speech and language are benefiting from the amplification.[5] It is important to 
ultimately consider hearing aids useful and beneficial only when they improve the child's auditory-only recognition of speech and age-appropriate progression in speech and language development.

In general, it has been a consistent finding that amplification has not provided successful auditory rehabilitation for most adults with auditory neuropathy. Typically, patients with auditory neuropathy report frustration with amplification, 
complaining that the sound is louder, and they "can hear you, but cannot understand you."[89] This finding is congruent with the current understanding of auditory neuropathy because amplification does nothing to restore neural synchrony.

MANAGEMENT: COCHLEAR IMPLANTATION

Due to the lack of success with amplification for some patients with auditory neuropathy, cochlear implantation has been considered and attempted by few authors. In assessing the merit of a cochlear implant in cases of auditory neuropathy, 
the discussion hinges on the exact location of the pathology. If indeed the lesion is isolated to the inner hair cells or the synapse, cochlear implantation would certainly be indicated just as it is in any case of cochlear hearing loss. The cochlear 
implant would effectively bypass the lesion, and successful auditory rehabilitation could be reasonably expected. On the other hand, if the site of dysfunction is cranial nerve VIII, the efficacy of cochlear implantation in auditory neuropathy 
would be more doubtful. The cochlear implant surgical procedure in patients with auditory neuropathy may or may not damage structures in the cochlea, namely, the outer hair cells that seem to be functioning normally in these patients.[27] [52] 
In this scenario, the implant would not bypass the lesion; rather, it would rely on the diseased auditory nerve to transmit the electric stimulus. Research has supported the use of electric stimulation in cases of auditory nerve dysfunction. Zhou 
and others reported that electric stimulation produces synchronous ABRs in the presence of peripheral auditory nerve demyelination. [90] This suggests that the electric stimulation of a cochlear implant could provide reliable, consistent nerve 
conduction even in the presence of a diseased peripheral nerve. Furthermore, some authors promote the idea that electric stimulation provided by the cochlear implant may even foster neural survival and restore temporal encoding.[2] [64] 

Determining the candidacy for a cochlear implant for children with auditory neuropathy requires some special considerations. The implant team must take a cautious approach in determining candidacy while trying to determine the underling 
etiology of a child's auditory neuropathy. It is important to first allow sufficient time to elapse to determine whether the child will exhibit any recovery. In addition, candidacy for
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cochlear implantation cannot be determined strictly on the basis of pure tone hearing thresholds as it is for other children with sensorineural hearing loss. Rather, in cases of auditory neuropathy, the determining factor in sound field testing is 
the auditory discrimination abilities of the child. When it is clear that there is no progressive development in auditory skills and that the classic signs of auditory neuropathy are still evident, a cochlear implant may be appropriate.[62] [83] 

COCHLEAR IMPLANTATION: POSTOPERATIVE FINDINGS IN CHILDREN AND ADULTS WITH AUDITORY NEUROPATHY

A review of the English-language literature reveals more than 100 cases reported of cochlear implantation in patients with auditory neuropathy. [5] The majority of these cases are pediatric patients. In assessing the outcomes of pediatric 
cochlear implantation, it is very important to not only show improvement in audiometric thresholds, but to show that these children also are able to progress in the development of their auditory skills in their speech and language.

In children, cochlear implantation in auditory neuropathy has yielded mixed results. Miyamoto and others[48] reported their experience of cochlear implantation in auditory neuropathy in a child with Friedreich's ataxia and blindness. This child 
received a cochlear implant at age 10.9 years. The patient had many favorable prognostic characteristics such as postlingual onset of deafness, short duration of deafness before implantation, and normal cochlear anatomy. However, when 
compared with a control group of cochlear implant recipients without auditory neuropathy, their patient scored uniformly worse. The benefits from cochlear implantation experienced by this patient were modest and limited. In light of this, 
these authors recommended caution and reserve when considering cochlear implantation for children with auditory neuropathy. Rance and others[57] also presented an early case of cochlear implantation in a child with auditory neuropathy. 
This child was born at 32 weeks' gestation and experienced hyperbilirubinemia and congenital profound bilateral hearing loss. He received an implant at age the of 3 years, 9 months. The child did show some improved language ability and 
lipreading skills postoperatively. However, on speech perception testing, his performance with the cochlear implant was consistently poor. After 1 year of continuous device use, his speech perception scores were in the lowest 10% of the 
pediatric performance range.

In contrast, Trautwein and others[83] reported a pediatric patient with auditory neuropathy who had a favorable response to cochlear implantation. This was an otherwise healthy child who exhibited severe congenital hearing loss with no 
benefit from amplification trials. Cochlear implantation was performed at 3.25 years, and within 1 year the audiogram dramatically improved. Unlike the case presented by Miyamoto and colleagues,[48] this child's speech perception 
performance on postoperative audiometric testing was equal to his cochlear implant peers. They concluded that the implant restored neural synchrony and offered promise as an option for the rehabilitation of auditory neuropathy.

Shallop and others[62] reported the first case series of children with auditory neuropathy who received a cochlear implant. This presentation of five pediatric patients demonstrated a uniformly favorable response to cochlear implantation. There 
were no surgical or postoperative complications, and all children showed significant improvements in their sound detection, speech perception abilities, and communication skills. Since then, the authors have now performed implants on 23 
children with auditory neuropathy, and in every case we have been able to show synchronous neural potentials of the auditory nerve in response to stimulation with a cochlear implant. The authors have also observed activation of the 
stapedius muscle with electric stimulation at the time of cochlear implant surgery. We do not have postoperative speech recognition scores in all cases; but in the first 10 cases,[54] significant improvement in auditory skill development was 
very clear. The children with auditory neuropathy show speech perception that is not statistically different from a matched control group of non-auditory neuropathy children with sensorineural hearing loss.

Others have also reported positive results in children and adults with auditory neuropathy who have received a cochlear implant.[18] [46] [47] [82] Madden and others[46] have reported four children with auditory neuropathy who received a cochlear 



implant. The first two patients demonstrated significant improvement in their auditory and communicative skills. Preliminary data from the latter two children suggest a potential for similar benefit from cochlear implantation pending future 
testing. A recent article by Mason and colleagues[47] reports the interesting findings in a case study format from three adults and three children who were diagnosed with auditory neuropathy, and each patient received a cochlear implant. They 
recommend cochlear implantation as a viable option in appropriately selected patients with auditory neuropathy.

The majority of the children presented in the literature to date were determined to be cochlear implant candidates under the current guidelines for implantation
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of children with cochlear hearing losses (severe to profound hearing loss). Continued research in the areas of diagnosis, etiology, and pathophysiology of auditory neuropathy are needed as one considers the possibility of implants in children 
with mild to severe hearing loss based on audiometric thresholds in whom no benefit from conventional hearing aid amplification is gained.

We have also reported results from cochlear implants in two adults with auditory neuropathy.[82] One had a bilateral profound loss and now shows very good neural synchrony (neural response telemetry and electric ABR). Her open-sentence 
speech recognition scores improved from 3% preoperatively to 70%, 90%, and 99%, respectively, at 1, 3, and 12 months postoperatively. The other had much better pure-tone thresholds in both ears preoperatively. She has also done as well 
with her cochlear implant and has significant open-sentence speech recognition (94% on sentence tests, not shown). However, her low brainstem auditory evoked potentials, including neural response measurements and electric ABR, are 
very abnormal. Her electric ABR adaptation sensitivity is illustrated in Figure 153-8 . She does, however, have middle latency and cortical evoked responses through her cochlear implant, demonstrating neural synchrony at the higher levels 
of her auditory pathways. These two patients also report a high degree of satisfaction on subjective survey ratings. They have received significant 

 
Figure 153-8 Electrical auditory brainstem response (EABR) responses are shown for an adult patient with auditory neuropathy who was tested 7 months postoperatively. These EABR tracings were obtained by stimulating through her 
cochlear implant at rates of 7, 11, 17, and 35 pulses per second. Notice that the shorter latency of about 4 msec was obtained at the faster rate; however, the amplitude of wave 5 is much smaller at the faster rate. What appears to be a wave 2 
is consistently present except at 35 pulses per second, where it is questionable. We are uncertain about the nature of the positive (upward) potential occurring after wave 5, but it may have a muscle origin. This patient also has very poor 
neural response telemetry (NRT) measurements. We have not yet been able to record a wave 1 through the NRT measurements we have obtained today. 

 
 
REFERENCES  
 
1. Amatuzzi MG and others: Selective inner hair cell loss in premature infants and cochlear pathological patterns from neonatal intensive care unit autopsies, Arch Otolaryngol Head Neck Surg 127:629–636, 2001.  
 
2. Arai T, Greenberg S: Speech intelligibility in the presence of cross-channel spectral asynchrony, vol 2, Proceeding of the IEEE International Conference on Acoustic Speech Signal Processing 933–936, 1998.  
 
3. Berlin CI and others: Contralateral suppression of otoacoustic emissions: an index of the function of the medial olivocochlear system, Otolaryngol Head Neck Surg 110:3–21, 1994.  
 
4. Berlin CI and others: Reversing click polarity may uncover auditory neuropathy in infants, Ear Hear 19:37–47, 1998.  
 
5. Berlin CI and others: Managing and re-naming auditory neuropathy (AN) as part of a continuum of auditory dyssynchrony (AuDys), ARO Abstracts 2001. 

3520

 
 
6. Billet TE, Thorne PR, Gavin JB: The nature and progression of injury in the organ of Corti during ischemia, Hear Res 41:189–198, 1989.  
 
7. Bohne BA: Mechanisms of noise damage in the inner ear. In Henderson D and others, editors: Effects of noise on hearing, New York, 1976, Raven, pp 41–68.  
 
8. Bonfils P, Avan P: Distortion-product otoacoustic emissions: values for clinical use, Arch Otolaryngol Head Neck Surg 118:1069–1076, 1992.  
 
9. Bonfils P, Bertrand Y, Uziel A: Evoked otoacoustic emissions: normative data and presbyacusis, Audiology 27:27–35, 1988.  
 
10. Borg E: On the neuronal organization of the acoustic middle ear reflex: a physiological and anatomical study, Brain Res 49:101–123, 1973.  
 
11. Brownell WE: Microscopic observation of cochlear hair cell motility, Scan Elect Micro 3:1401–1406, 1984.  
 
12. Brownell WE and others: Evoked mechanical responses of isolated cochlear outer hair cells, Science 227:194–196, 1985.  



 
13. Bussoli TJ, Kelly A, Steel P: Localization of the bronx waltzer (bv) deafness gene to mouse chromosome 5, Mamm Genome 10:714–717, 1997.  
 
14. Butinar D and others: Hereditary auditory, vestibular, motor and sensory neuropathy in a Slovenian Roma (Gypsy) kindred, Ann Neurol 46:36–44, 1999.  
 
15. Cassandro E and others: Otoneurological findings in Friedreich's ataxia and other inherited neuropathies, Audiology 24:84–91, 1986  
 
16. Collet L, Levy V, Veuillet E: Click-evoked otoacoustic emissions and hearing threshold in sensorineural hearing loss, Ear Hear 14:141–143, 1993.  
 
17. Cone-Wesson B and others: Identification of neonatal hearing impairment: infants with hearing loss, Ear Hear 21:488–507, 2000.  
 
18. Corley VM, Crabbe LS: Auditory neuropathy and a mitochondrial disorder in a child: case study, J Am Acad Audiol 10:484–488, 1999.  
 
19. Davis H, Hirsh SK: A slow brainstem response for low frequency audiometry, Audiology 18:445–461, 1979.  
 
20. Deltenre P and others: Auditory neuropathy: a report on three cases with early onsets and major neonatal illnesses, Electroencephalogr Clin Neurophysiol 104:17–22, 1997.  
 
21. Denny-Brown D: Hereditary sensory radicular neuropathy, J Neurol Neurosurg Psychiatr 14:237–252, 1950.  
 
22. Doyle KJ, Sininger Y, Starr A: Auditory neuropathy in childhood, Laryngoscope 108:1374–1377, 1998.  
 
23. Fabry LB: Case study: identification and management of auditory neuropathy, a sound foundation through early amplification. In Seewald RC, editor: A sound foundation through early amplification, Proceedings of an International Conference in Chicago, Illinois, 1998, 2000, Phonak, AG, pp 237–245.  
 
24. Franck KH and others: Developing a multidisciplinary clinical protocol to manage pediatric patients with auditory neuropathy, Semin Hear 23: pp. 225–237, 2002.  
 
25. Gorga MP and others: Case study of recurrent, sudden sensorineural hearing loss in a child, J Acad Audiol 6:163–172, 1995.  
 
26. Gorga MP, Neely ST, Ohlrich B: From laboratory to clinic: a large scale study of distortion product otoacoustic emissions in ears with normal hearing and ears with hearing loss, Ear Hear 18:440–455, 1997.  
 
27. Gstoettner W and others: Cochlear implant deep insertion: extent of insertion trauma, Acta Otolaryngol (Stockh) 117:274–277, 1997.  
 
28. Hallpike CS, Harriman DGF, Wells CEC: A case of afferent neuropathy and deafness, J Laryngol Otol 94:945–964, 1980.  
 
29. Hamiel OP and others: Hereditary motor sensory neuropathy (Charcot-Marie Tooth disease) with nerve deafness: a new variant, J Pediatr 123:431–434, 1993.  
 
30. Harris FP, Probst R: Exploring cochlear status with otoacoustic emissions: the potential for a new clinical application. Robinette MS, Glattke TJ, editors: Otoacoustic emissions: clinical applications, 2002, Thieme, pp 213–242.  
 
31. Harrison RV: An animal model of auditory neuropathy, Ear Hear 19:355–361, 1998.  
 
32. Hood LJ: Auditory neuropathy: what is it and what can we do about it? Hear J 51:8, 1998.  
 
33. Joint Committee on Infant Hearing: Year 2000 position statement, Pediatrics 106:798–817, 2000.  
 
34. Kalaydjieva L and others: Gene mapping in Gypsies identifies a novel demyelinating neuropathy on chromosome 8Q24, Nat Genet 14:214–217, 1996.  
 
35. Kalaydjieva L and others: Hereditary motor and sensory neuropathy-LOM, a novel demyelinating neuropathy associated with deafness in Gypsies: clinical, electrophysiological and nerve biopsy findings, Brain 121: 399–408, 1998.  
 
36. Kemp DT: Stimulated acoustic emission from the human auditory system, J Acous Soc Am 64:1386–1391, 1978.  
 
37. Kemp DT: Exploring cochlear status with otoacoustic emissions: the potential for new clinical applications. In Robinette MS, Glattke TJ, editors: Otoacoustic emissions: clinical application, 2002, Thieme, pp 1–47.  
 
38. Konradsson KS: Bilaterally presented otoacoustic emissions in four children with profound idiopathic unilateral hearing loss, Audiology 35:217–227, 1996.  
 
39. Kraus N and others: Absent auditory brain stem response: peripheral hearing loss or brain stem dysfunction? Laryngoscope 94:400–406, 1984.  
 
40. Kraus N and others: Consequences of neural asynchrony: a case of auditory neuropathy, J Assoc Res Otolaryngol 1:33–45, 2000.  
 
41. Lenhardt ML: Childhood central auditory processing disorder with brainstem evoked response verification, Arch Otolaryngol 107:623–625, 1981.  
 
42. Lenoir M, Pujol R: Age-related structural investigation of the Bronx Waltzer mutant mouse cochlea: scanning and transmission electron microscopy, Hear Res 13:1123–1134, 1984.  
 
43. Liberman MC, Chesney CP, Kujawa SG: Effects of selective inner hair cell loss on DPOAE and CAP on carboplatin-treated chinchillas, Aud Neurosci 3:255–268, 1997.  
 
44. Linstrom JM, Lambert EH: Content of acetylcholine receptor and antibodies bound to the receptor in myasthenia gravis, experimental autoimmune myasthenia gravis, and Eaton-Lambert syndrome, Neurology 28:130–138, 1978.  
 



45. Lonsbury-Martin BL and others: Distortion product emission in humans: I. basic properties in normally hearing subjects, Ann Otol Rhino Laryngol 147(Suppl):3–14, 1990.  
 
46. Madden C and others: Pediatric cochlear implantation in auditory neuropathy, Otol Nerotol 23:163–168, 2002.  
 
47. Mason JC and others: Cochlear implantation in patients with auditory neuropathy of varied etiologies, Laryngoscope 113:45–49, 2003.  
 
48. Miyamoto RT and others: Cochlear implantation in auditory neuropathy, Laryngoscope 109:181–185, 1999.  
 
49. Musiek FE, Weider DJ, Mueller R: Audiological findings in Charcot-Marie-Tooth disease, Arch Otolaryngol 108:595–599, 1982.  
 
50. NIH Consensus Statement: Early identification of hearing impairment in infants and young children, Bethesda, Maryland, 1993, National Institutes of Health, p 11.  
 
51. Norton SJ and others: Identification of neonatal hearing impairment: summary and recommendations, Ear Hear 21:529–535, 2000. 

3521

 
 
52. O'Leary SJ and others: Electrode insertion trauma in cochlear implantation, Ann Otol Rhinol Laryngol 100:695–699, 1991.  
 
53. Park MS, Lee JH: Diagnostic potential of distortion product otoacoustic emissions in severe or profound sensorineural hearing loss, Acta Otolaryngol 118:496–500, 1998.  
 
54. Peterson AM and others: Outcomes of Cochlear Implantation in Children with Auditory Neuropathy. Submitted JAAA, November 2002  
 
54A. Psarommatis IM, Isakanikos MD, Kontorgianni AD and others: Profound hearing loss and presence of click-evoked otoacoustic emissions in the neonate: a report of two cases, Int J Ped Otorhinolaryngol 39(3):237–243, 19  
 
55. Raglan E and others: Auditory function in hereditary motor and sensory neuropathy (Charcot-Marie Tooth disease), Acta Otolaryngol 103:50–55, 1987.  
 
56. Rance G and others: Steady-state evoked potential and behavioral hearing thresholds in a group of children with absent click-evoked auditory brainstem response, Ear Hear 19:48–61, 1998.  
 
57. Rance G and others: Clinical findings for a group of infants and young children with auditory neuropathy, Ear Hear 20:238–252, 1999.  
 
58. Rance G: Perceptual characteristics of children with auditory neuropathy. Unpublished Ph.D. thesis, University of Melbourne, Australia, 2003.  
 
58A. Rogers R and others: The genetics of auditory neoropathy. In Sininger Y, Starr A, editors: Auditory neuropathy: a new perspective on hearing disorders, 2001, Singular Publishing.  
 
59. Salvi RJ and others: Auditory deprivation of the central auditory system resulting from selective inner hair cell loss: animal model of auditory neuropathy, Scand Audiol 51(Suppl):1–12, 1999.  
 
60. Schrott A, Stephan K, Spoendlin H: Hearing with selective inner hair cell loss. Hear Res 40:213–220, 1989.  
 
61. Shallop JK: Electric response audiometry: the morphology of normal responses, Adv ORL 9: 11–18, 1983.  
 
62. Shallop JK and others: Cochlear implants in five cases of auditory neuropathy: postoperative findings and progress, Laryngoscope 111:555–562, 2001.  
 
63. Shallop JK: Auditory neuropathy/dyssynchrony in adults and children. Semin Hear 23: pp. 215–223, 2002.  
 
64. Shannon RV and others: Speech recognition with primarily temporal cues, Science 270:303–304, 1995.  
 
65. Shapiro SM, Te-Selle ME: Cochlear microphonics in the jaundiced Gunn rat, Am J Otolaryngol 15:129–137, 1995.  
 
66. Sheykholeslami K, Kaga K, Kaga M: An isolated and sporadic auditory neuropathy (auditory nerve disease): report of five patients, J Laryngol Otol 115:530–534, 2001.  
 
67. Shirane M, Harrison RV: The effects of hypoxia on sensory cells of the cochlea, Scanning Microscopy 1:1175–1183, 1987.  
 
68. Shirane M, Harrison RV: The effects of deferoxamine mesylate and hypoxia on the cochlea, Acta Otolaryngologica 104:99–107, 1987.  
 
69. Simmons JL, Beauchaine KL: Auditory neuropathy: case study with hyperbilirubinemia, J Am Acad Audiol 11:337–347, 2000.  
 
70. Sininger YS and others: Hearing loss due to auditory neuropathy, Audiol Today 7:10–13, 1995.  
 
71. Sininger Y, Oba S: Patients with auditory neuropathy: who are they and what can they hear? Sininger Y, Starr A, editors: Auditory neuropathy: a new perspective on hearing disorders, San Diego, California, 2001, Singular Publishing.  
 
72. Sininger YS: Identification of auditory neuropathy in infants and children, Semin Hear 23: pp. 193–200, 2002.  
 
73. Spoedlin H: The organization of the cochlear receptor. Rüedi L, Spoendlin H, editors: In Adv. Otorhinolaryngol, vol 13, Basel, S. Karger, 1966.  



 
74. Stalberg E, Ekstedt J, Browman A: The electromyographic jitter in normal human muscles, Electroencephalogr Clin Neurophys 31:429–438; 1971.  
 
75. Stalberg E, Trontelj JV, Schwartz MS: Single-muscle-fibre recording of the jitter phenomenon in patients with myasthenia gravis and in members of their families, Ann NY Acad Sci 274:189–202, 1976.  
 
76. Starr A and others: Absence of both auditory evoked potential and auditory percepts dependent on timing cues, Brain 114:1157–1180, 1991.  
 
77. Starr A and others: Auditory neuropathy, Brain 119:741–753, 1996.  
 
78. Starr A, Sininger YS, Pratt H: The varieties of auditory neuropathy, J Basic Clin Physiol Pharmacol 11:215–230, 2000.  
 
79. Starr A and others: Cochlear receptor (microphonic and summating potentials, otoacoustic emissions) and auditory pathway (auditory brain stem potentials) activity in auditory neuropathy, Ear Hear 22:91–99, 2001.  
 
80. Starr A and others: Pathology and physiology of auditory neuropathy with a novel mutation in the MPZ gene (Tyr145→SER), Brain 126:1–15, 2003.  
 
80A. Starr A, Picton T, Kim R: Pathophysiology of auditory neuropathy. In Sininger Y, Starr A, editors: Auditory neuropathy: a new perspective on hearing disorders, 2001, Singular publishing.  
 
80B. Stein L and others: Brainstorm abnormalities in neonates with normal otoacoustic emissions, Sem Hear 17:197–213, 1996.  
 
81. Takeno S and others: Cochlear function after selective inner hair cell degeneration induced by carboplatin, Hear Res 75:93–102, 1994.  
 
82. Tibesar RJ and others: Cochlear implantation in adult patient with auditory neuropathy. Annual Meeting of the American Academy of Otolaryngology-Head and Neck Surgery Denver, Colorado, September 9–12, 2001.  
 
83. Trautwein PG, Sininger YS, Nelson R: Cochlear implantation of auditory neuropathy, J Am Acad Audiol 11:309–315, 2000.  
 
84. Varga R and others: Non-syndromic recessive auditory neuropathy is the result of mutations in the otoferlin (OTOF) gene, J Med Genet 40:45–50, 2003.  
 
85. Wake M and others: Otoacoustic emission amplification after inner hair cell damage, Acta Orolaryngologica (Stockh) 116:374–381, 1996.  
 
86. Widen JE, Ferraro JA, Trouba SE: Progressive neural impairment: case report, J. Am Acad Audiol 6:217–224, 1995.  
 
87. Worthington DW, Peters J: Quantifiable hearing and no ABR: paradox or error? Ear Hear 1:281–285, 1980.  
 
88. Wright A, Dyck PJ: Hereditary sensory neuropathy with sensorineural deafness and early onset dementia, Neurology 45:560–562, 1995.  
 
89. Zeng FG and others: Temporal and speech processing deficits in auditory neuropathy, Neuroreport 10:3429–3435, 1999.  
 
90. Zhou R, Abbas PH, Assouline JG: Electrically evoked auditory brainstem responses in peripheral myelin-deficient mice, Hear Res 88:98–106, 1995.  
 

3522

Chapter 154 - EVALUATION AND SURGICAL MANAGEMENT OF CONDUCTIVE HEARING LOSS

Douglas D. Backous 
John N. Niparko 

INTRODUCTION

Because of the varied etiologies ( Box 154-1 ) and options for treatment of conductive hearing loss, an understanding of the basic physics of the middle ear and its relationship to the pathophysiology of the loss diagnosed in a particular 
patient is the cornerstone to therapeutic decision making. This chapter summarizes the physical properties of the conductive portion of the auditory periphery, outlines an appropriate diagnostic evaluation, and proposes guidelines for 
surgically treating middle ear defects. A review of the most frequently encountered complications is found in Chapter 158 and Chapter 160 . Choosing an appropriate procedure for the specific middle or external ear disease optimizes surgical 
results.

MECHANICAL PROPERTIES OF THE CONDUCTIVE HEARING PATHWAY

Sound Transfer in the Middle Ear

Sound, defined in the physical dimension, is vibratory energy produced by an object that possesses inertia and elasticity. Within the frequency range for human sound perception, 10 Hz to 24 kHz, there are no limitations to the type of 
vibration required to generate audible sensations of sound, provided the source moves from one position to the other and back again. Alternating condensation and rarefaction of sound pressure passes through the external ear structures to the 



tympanic membrane. The speed of the sound wave is proportional to the density of the medium through which it passes.[3] [5] 

The acoustic resistance to the passage of sound through a medium is termed impedance. The transduction of vibratory energy from the air in the external auditory canal (low impedance) to the cochlear fluids (high impedance) is possible as a 
result of the impedance-matching function of the middle ear. This complex system consists of frequency-dependent stiffness and inertia reactances, along with a frequency-independent frictional component. Conditions that alter ossicular 
stiffness, such as otosclerosis, produce prominently low-frequency hearing loss. Changes in the mass of the middle ear structures, classically described as producing high-frequency deficits, actually result in hearing losses that vary according 
to where the mass change occurs on the tympanic membrane or ossicular chain.[28] Tympanosclerosis, which affects the mass and the stiffness of the ossicular chain, results in a flat hearing loss recorded at high and low frequencies.

In 1868, Hermann von Helmholtz[21] defined the principles of impedance matching by the middle ear. He proposed three levers to accomplish the required pressure transformation. The tympanic membrane, which is rigidly fixed at the 
periphery and mobile centrally, acts as a catenary lever, exerting its force on the malleus handle in response to pressure changes transmitted through the external auditory canal.[46] A twofold gain in sound pressure level is generated at the 
malleus. Although the pars flaccida seems to allow free movement of the malleus head in the epitympanum and may decrease middle ear-external ear atmospheric pressure differences, it has a only a minor acoustic role in humans.[2] 

The ossicular lever is produced when the incus and the malleus rotate as a unit around an axis, extending from the anterior mallear ligament through the incudal ligament.[11] The ossicular lever taken alone produces a small mechanical 
advantage for sound transmission. Further studies by Tonndorf and Khanna[46] showed the catenary lever was tightly coupled to the ossicular lever, because the tympanic membrane is extensively
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adherent to the malleus handle. Corrected calculations revealed a combined catenary-ossicular lever ratio of 1:2.3. According to studies done on fresh cadaveric human temporal bones, the mean sound pressure gain produced by the human 
middle ear is 26.6 dB and is centered around its resonant frequency (0.9–1.0 kHz). Above 1 kHz, the pressure gain measured at the stapes footplate decreases at a rate of -8.6 dB/octave. [25] 

 
 

Box 154-1. PATHOLOGIC CONDITIONS LEADING TO CONDUCTIVE HEARING LOSS CONGENITAL-HEREDITARY

Anotia/microtia 
 
Atresia 
 
Cup ear deformity 
 
Treacher Collins syndrome 
 
Mohr syndrome 
 
Orofacial cervical syndrome 
 
Otopalatal-digital syndrome 
 
Pierre Robin syndrome 
 
Pyle's disease 
 
Crouzon's disease 
 
Apert's disease 
 
Goldenhar's disease 
 
Turner's syndrome 
 
Otosclerosis (autosomal dominant or idiopathic) 
 
Osteogenesis imperfecta 
 
Osteopetrosis 
 
Paget's disease 
 
Achondroplasia 
 
Marfan's syndrome 
 



Mucopolysaccharidoses 
 
Ossicular fixation to tegmen 
 
Inflammatory/infectious 
 
Otitis externa 
 
Acute otitis media 
 
Serous otitis media 
 
Chronic otitis media 
 
Cholesteatoma 
 
Furunculosis 
 
Otomycosis 
 
Malignant otitis 
 
Myringosclerosis 
 
Tympanosclerosis 
 
Herpes zoster oticus 
 
Chondritis/perichondritis 
 
Cellulitis 
 
Erysipelas 
 
Bullous myringitis 
 
Tympanosclerosis 
 
Tuberculous otitis 
 
Syphilis 
 
Iatrogenic 
 
Surgical complication or failure 
 
Traumatic canal cleaning 
 
Trauma 
 
Burns 
 
Foreign body 
 
Barotrauma 
 
Cauliflower ear 
 
Auricular hematoma 
 
Canal laceration (with and without clot) 
 



Avulsion 
 
Temporal bone fracture 
 
Penetrating injury 
 
Hemotympanum 
 
Neoplasia 
 
Squamous cell carcinoma 
 
Basal cell carcinoma 
 
Melanoma 
 
Hidradenomas 
 
Adenoma 
 
Pleomorphic adenoma 
 
Adenoid cystic carcinoma 
 
Sebaceous cell carcinoma 
 
Paraganglioma 
 
Neurofibroma 
 
Rhabdomyosarcoma 
 
Hemangioma 
 
Hemangiopericytoma 
 
Lymphangioma 
 
Leukemia 
 
Multiple myeloma 
 
Metabolic and systemic 
 
Cerumen 
 
Keloid/hypertrophic scarring 
 
Wegener's granulomatosis 
 
Relapsing polychondritis 
 
Fibrous dysplasia 
 
Eosinophilic granuloma 
 
Polyarteritis nodosa 
 
Sarcoidosis 
 
Keratosis obturans 
 



Other 
 
Canal osteoma 
 
Canal exostosis 
 
Spontaneous hemotympanum 
 

 
 
The hydraulic lever facilitates the transmission of the sound pressure, which is collected over the larger tympanic membrane and passed on to the much smaller stapedial footplate. For the hydraulic lever to be functional, the stapes should 
move in a "piston-like" fashion, which has been elegantly described by Guinan and Peake.[19] The increased force is proportional to the ratio of the areas of the tympanic membrane to the footplate. The area of the tympanic
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membrane is approximately 85 mm2 and that of the stapes footplate is 3.2 mm2 .[17] After studying 43 human temporal bones, Saunders[34] concluded that the "areal ratio" was the most important component of the middle ear impedance matching 
system. Ratios varied from ear to ear but averaged 20.8:1.

In the nondiseased ear, sound is transmitted to the oval window with increased energy and at an earlier phase than to the round window. Intensity differences and phase protection cause differential displacement of cochlear fluids, which in 
turn set a fluid wave in motion along the tectorial membrane, producing mechanical stimulation of sensory hair cells.

The pinnae gather sound from an arc of 135 degrees relative to the direction of the head and increase sound pressure by 6 dB. They reject sounds arriving from the rear, which assists in the determination of sound origin.[5] The external 
auditory canal is a closed cylinder roughly 2.5 to 3.5 cm long. Because ear canal resonance occurs at the frequency whose wavelength is four times canal length, the corresponding resonant frequency is roughly 3500 Hz. The addition of the 
conchal component of the pinna increases the external auditory canal length, resulting in a lower resonant frequency, which has been measured at 2700 Hz. The overall increase in sound pressure transduction caused by external ear structures 
and measured at the tympanic membrane is estimated at 15 to 22 dB.[17] [49] 

In summary, the increased gain in sound pressure level from the impedance matching system of the middle ear and tympanic membrane measures roughly 34 dB. The external auditory canal and auricle, primarily the conchal component of 
the pinna, provide  

TABLE 154-1 -- SPECIFIC LESIONS OF THE CONDUCTIVE APPARATUS AND THE ASSOCIATED HEARING LOSS

Classification Component Disrupted Expected Loss

Perforation of tympanic membrane Loss of areal ratio, catenary lever Proportional to size of perforation

Perforation of tympanic membrane with ossicular interruption Hydraulic lever, areal ratio, catenary lever 38.3 dB

Total loss of tympanic membrane and ossicular chain Hydraulic lever, areal ratio, catenary lever, phase cancellation 50 dB

Ossicular interruption with an intact tympanic membrane Hydraulic lever, areal ratio, catenary lever, phase cancellation, reflection of sound 
energy away from middle ear at the tympanic membrane

55–60 dB

Ossicular interruption with an intact tympanic membrane and closure of the oval 
window (distinct congenital malformation)

Hydraulic lever, areal ratio, catenary lever, phase cancellation, reflection of sound 
energy away from the middle ear at the tympanic membrane

55–60 dB

From Austin DF: J Laryngol Otol 92:367, 1978 and Austin DF: Otolaryngol Clin North Am 27:641, 1994.
 
an additional increase of up to 15 dB, depending on the azimuth of sound delivery and functional length of the canal.

Specific Defects in the Conductive Auditory Periphery and Resultant Hearing Loss

In his 1978 review, Austin[3] identified five categories of anatomic defect in the middle ear sound conducting system and described each within the context of the associated prototypic hearing loss ( Table 154-1 ). In the first category, 
tympanic membrane perforation with undisturbed ossicular continuity produced a hearing loss that was linearly proportional to the size of the perforation (loss of areal ratio + loss of catenary lever). The degree of hearing loss, flat across 
speech frequencies, was not altered by the location of the perforation on the drumhead. In the second category, tympanic membrane perforation combined with ossicular disruption occurred in approximately 60% of Austin's patients and was 
the most common form of conductive hearing loss requiring surgical therapy. The incudostapedial joint was the most vulnerable ossicular articulation. Caution was taken when interpreting audiograms in these patients, because 
underestimation of the magnitude of the conductive loss frequently occurred. Falsely depressed bone-conducted hearing levels, up to 10 dB in speech frequencies, resulted from impedance variation occurring at the oval window caused by 
the ossicular discontinuity. Correction of the ossicular problem typically increased bone levels, reflecting the reestablishment of impedance matching at the oval window. The predicted 38.3-dB hearing loss, when adjusted for falsely 
depressed bone levels, was primarily a result of decreased function of
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the hydraulic lever added to dysfunction in the catenary-ossicular lever. Perforation size and the condition of the stapes footplate accounted for variations in this patient group. In the third category, total loss of the tympanic membrane and 
ossicles created a condition wherein sound pressure contacted the oval and round windows simultaneously, resulting in partial phase cancellation of the sound wave in the cochlear fluids. Conductive hearing loss was flat across speech 



frequencies and averaged 50 dB when corrected for the previously described misleading bone levels. More complete phase cancellation caused increased hearing loss compared with patients with partial perforations. The fourth category 
included those patients with ossicular disruption behind an intact tympanic membrane. This defect resulted in a maximal conductive hearing loss of 55 to 60 dB. The intact eardrum reflected sound energy back into the external auditory canal, 
causing an additional 17-dB conductive loss above what was expected from removal of the hydraulic and catenary-ossicular lever action. The decreased sound pressure also reached the round and oval windows nearly simultaneously, 
inducing phase cancellation in the labyrinthine fluids. The fifth category described a variety of congenital malformations with ossicular disruption and closure of the oval window; also included were cases of obliterative otosclerosis with 
closure of the oval and round windows behind an intact drum. The expected flat loss from such a defect is 60 dB.[5] 

DIAGNOSTIC EVALUATION

Complete assessment of a patient with hearing loss critically depends on a careful history. This initial portion of the evaluation often yields a definitive diagnosis. A thorough head and neck examination with cranial nerve (CN) testing and 
otoscopy is valuable. The operating microscope is useful to remove foreign bodies and to examine the tympanic membrane and middle ear structures more precisely. The use of 256-, 512-, and 1024-Hz tuning forks assists in the localization 
of the side of greatest auditory deficit and verifies audiometric findings. The Weber test is effective in lateralizing the hearing loss. The fork is gently struck by the examiner and placed on the forehead or on the vertex of the skull, and the 
patient states on which side he or she hears the tone more clearly. Placement of the tuning fork over the nasal bones or on the teeth may present a stronger stimulus for Weber testing in patients who are difficult to test.[39] Lateralization of the 
tone represents either a conductive loss ipsilateral to the side of localization or a sensorineural loss greater in the contralateral ear. The 256-Hz tuning fork is the most sensitive of the available frequencies,[26] but it can yield an unacceptable 
number of false-positive results. The most clinically useful single fork is the 512-Hz fork.[10] Rinne testing with all three fork frequencies can accurately estimate the conductive component of a hearing deficit ( Table 154-2 ). [12] The test is 
performed by activating the tuning fork and by placing it firmly on the skin over the cribriform area of the mastoid bone. When the tone can no longer be heard, the fork then is placed, tines oriented parallel to the head-frontal plane, in front 
of the meatus of the external auditory canal. The patient indicates whether the tone is present or absent. A negative or abnormal Rinne result is found when bone conduction is perceived longer than air conduction. A positive, or normal, 
result is when the air conduction is greater than bone. Tuning fork testing should be carried out in any patient before surgery for a conductive anomaly to verify audiometric results and to establish a baseline for comparison during 
postoperative assessment.

Pure-tone audiometry and speech testing follow in the workup. The diagnosis of a conductive loss is made in the presence of an air-bone gap on the pure tone audiogram, with speech testing commensurate to the results measured 
audiometrically ( Figure 154-1 ). Concurrent sensorineural deficits should be noted. Remember the possibility of falsely depressed bone-conducted hearing levels in patients with ossicular abnormalities. [3] 

Acoustic immittance testing may be useful in distinguishing between conductive and sensorineural hearing loss. Voluntary responses are not required for successful measures of static compliance, tympanometry, and acoustic reflexes, 
making them an important component of the auditory test battery. A probe is placed in the external auditory canal to form an  

TABLE 154-2 -- DEGREE OF HEARING LOSS ESTIMATED BY RINNE TESTING

Rinne Test Result Estimated Conductive Loss

Negative, 256 Hz Mild conductive loss of 20–30 dB

Positive, 512 and 1024 Hz Moderate conductive loss of 30–45 dB

Negative, 256 and 512 Hz Severe conductive loss of 45–60 dB

Positive, 1024 Hz  

Negative, 256, 512, and 1024 Hz  

From Miltenburg DM: J Otolaryngol 23:254, 1994.

Negative Rinne test, bone conduction greater than air conduction (abnormal).

Positive Rinne test, air conduction greater than bone conduction (normal).
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Figure 154-1 An audiogram showing a clinically significant left-sided conductive hearing loss. Note the air-bone gap, normal speech discrimination, and normal masked bone conduction in the left ear. 

 
 



Box 154-2. HISTORY AND PHYSICAL EXAMINATION FOR HEARING LOSS

Onset 
 
Age at onset 
 
Abrupt vs gradual 
 
Progressive, intermittent, or continuous 
 
Antecedent illness 
 
Duration of symptoms 
 
Associated symptoms 
 
Tinnitus 
 
Dizziness or vertigo 
 
Aural fullness 
 
Pain 
 
Allergy symptoms 
 
Actions that change intensity of symptoms 
 
Distorted auditory perception 
 
Worsening with pregnancy or oral contraceptive use 
 
Further history 
 
Family history of hearing loss 
 
Occupational noise exposure 
 
Recreational noise exposure 
 
Trauma 
 
Surgical history 
 
Previous or current draining from ear 
 
Quality of drainage 
 
Systemic infections and treatments 
 
Meningitis 
 
Syphilis 
 
Previous use of a hearing aid 
 
Ototoxic medications 
 
Cancer chemotherapy 
 
Antibiotics 
 



Recent air travel 
 
Recent underwater diving 
 
Examination 
 
Complete head and neck examination 
 
Cranial nerve examination 
 
Otoscopy with microscope as needed 
 
Otoneurologic examination as indicated 
 
Tuning fork testing (256 Hz, 512 Hz, 1024 Hz) 
 
Weber test 
 
Rinne test 
 
Radiographic and laboratory evaluation 
 
Computed tomography as indicated 
 
Magnetic resonance imaging as indicated 
 
Erythrocyte sedimentation rate; fluorescent treponemal antibody, absorbed; Lyme titers; complete blood count; thyroid function tests; electrolytes; urinalysis 
 
Additional studies are indicated to work up suspected systemic diseases 
 
Audiometric evaluation 
 
Pure tone audiometry 
 
Air conduction 
 
Bone conduction 
 
Speech testing 
 
Speech reception threshold 
 
Speech discrimination testing 
 
Immittance testing 
 
Static compliance 
 
Tympanometry 
 
Acoustic reflexes 
 
Additional audiometric testing 
 
Auditory brainstem response 
 
Electrocochleography 
 
Otoacoustic emissions 
 

 
 



Bony and soft tissue overgrowth can cause stenosis of the external auditory canal. Exostoses and osteomas are thought to originate along external canal suture lines during phases of bony growth and after prolonged or repetitive exposure of 
the ears to cold water. Most of these lesions require no specific treatment. In patients with continued debris buildup between the narrowed portion of the canal and the tympanic membrane or in whom conductive hearing loss develops, the 
osseous growths should be removed. Skin incisions can be placed postauricularly or endaurally with careful dissection of canal skin off of the lateralmost portion of the aberrant bone. Careful drilling into the bony overgrowth while 
maintaining a thin shelf of bone between the neocanal and the tympanomeatal flap protects the canal skin. Curettage of the residual bony shelf removes the remaining abnormality with minimal damage to residual canal skin.[13] Skin flaps are 
then replaced, and the external canal is packed as in tympanoplasty ( Figure 154-2 ). Recurrence is rare, and hearing results should be excellent.

Soft tissue stenosis of the external auditory canal can occur as a result of local inflammation or as a manifestation of systemic disease. If possible, the cause of the soft tissue proliferation should be identified and treated. Hypertrophied soft 
tissue that persists after adequate medical management should be resected to enlarge the external canal diameter. Circumferential endaural incisions, down to periosteum, are placed laterally to the stenotic segment. Next, elevation of the 
thickened skin, as for tympanoplasty, is carried out with removal of all scar tissue and involved canal epithelium. The tympanic annulus is left undisturbed, and a plane is developed
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Figure 154-2 Repair of an external auditory canal exostosis. Care is taken to elevate the canal skin from the osseous deposition, to drill away the pathology while maintaining a thin eggshell of bone to protect the skin flap, and to curette 
away the bony remnant before packing the external canal. 

 

Figure 154-3 Repair of a soft-tissue stenosis of the external auditory canal. Circumferential skin incisions are made in the canal after opening with a postauricular incision. The stenotic tissue is dissected off the canal bone and from the 
fibrous layer of the tympanic membrane. The squamous layer of the drum is taken with the specimen. Sculpting of the bony canal is performed with a diamond burr before applying skin grafts and canal packing. 



 

TABLE 154-3 -- CLOSURE OF PTA TO <20 dB WITH PARTIAL/TOTAL OSSICULAR RECONSTRUCTION: EXTRUSION RATE

Reference Homograft Plasti-Pore Hydroxyapatite Cap Cervital

Glasscock[15] 80%/86% (combined)    

Wehrs[48] * 85%/83%:2%    

Smyth[42]  64%/59%:12%   

Schuring and Lippy[35] 87%/71%:2%    

Jackson and others[22]  49%/43%:10% †   

Sheehy[37]  70%/43%:4.7% †   

Brackmann, Sheehy, and Luxford[8]  73%/55%:7% †   

Portman and others[30]  57%:24% (combined) 64%:8% † (combined)  

Babighian[7]   68%/63%:8% †  

Austin[4]  48%:29% † ‡   

Reck and Helms[33]    69%/61%

Gersdorff, Maisin, and Munting[14]  62%/41%  63%/62%:4% † 

Niparko and others[27]   75%/41%:3% †  

Goldenberg[16]   58%/38%:4%  
*Homograft ossicle and Teflon shaft. 
†Tissue interposition. 
‡Proplast. 

 
 
 
footplate. Unlike glass and glass-ceramic implants, the hydroxyapatite prosthesis is resistant to easy cracking during sculpting. The use of interposed tragal cartilage between implants and the tympanic membrane lowers the extrusion rate 
even further. Table 154-3 illustrates the reported extrusion rates and hearing results observed with the various implant materials. Although new to the market, titanium prostheses are showing promise for improved hearing results and 
infrequent extrusion. Long-term follow-up will determine the role of titanium in ossiculoplasty. Somewhat discouragingly, analysis performed at up to 15 years after ossiculoplasty in patients with chronic otitis media revealed a slowly 
progressive deterioration in hearing levels regardless of the implant material chosen.[45] 

 
 

Box 154-3. KEY POINTS IN PREOPERATIVE ASSESSMENT OF PATIENTS CONSIDERING 
OSSICULAR RECONSTRUCTION

1.  A preoperative air-bone gap beyond 20 to 25 dB is consistent with ossicular discontinuity or fixation.
2.  Elective ossicular reconstruction in the presence of an open mastoid cavity often is not satisfying.
3.  Patients with a preoperative air-bone gap of <30 dB should be approached with caution, because even slight 

decreases in hearing levels may require amplification.
4.  Reconstructive results in patients with bone (sensorineural) levels >30 dB often are unsatisfactory if avoidance of 

amplification is a priority.
5.  In patients with severe mixed hearing loss, ossicular reconstruction can be considered, because it may enhance the 

use of amplification.[24] 
6.  Improving the threshold of a poorer hearing ear to within 15 dB of the contralateral ear may facilitate binaural 

inputs to central auditory pathways.[45] 

 
 



Assessment of the ossicular chain intraoperatively provides the most accurate information needed for reconstructive planning. An absent lenticular process of the incus is the most commonly encountered ossicular abnormality. Provided the 
stapes superstructure is intact and the malleus long process is present and in favorable position without head fixation, the preferred method of reconstruction is with a sculpted incus interposed as a strut from the capitulum to the malleus 
handle. After the incus is removed from the middle ear, the residual long process is shortened with the malleus nipper, and a shallow cavity is drilled into the short process to facilitate placement on the stapes capitulum.[29] The posterior 
scutum is curetted to prevent contact between the graft and the canal wall. The
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fashioned ossicle is positioned between the malleus handle and the capitulum in such a way as to slightly tent the tympanic membrane. The graft should hold its position without Gelfoam stabilization ( Figure 154-4 ). Silastic sheeting or 
hyaluronic acid gel can fill the middle ear to prevent fixation of the graft to the promontory or to the facial ridge. If the interposed incus does not bridge the vertical distance between the capitulum and the malleus, the incus can be resculpted 
according to the Wehrs technique.[47] Alternately, prosthetic partial ossicular replacement prosthesis (PORPs) can be used ( Figure 154-5 ). If the angle between the malleus and the footplate or capitulum of the stapes is >45 degrees, the 
reconstruction prosthesis should be fitted with a cartilage cap and placed directly to the posterior-superior drum.[18] 

In patients with an absent stapes superstructure, a total ossicular replacement prosthesis (TORP) reconstruction is necessary. Again, the particular prosthesis chosen is less important than the ability of the surgeon to accurately gauge the 
optimal size and orientation of an implant. Extrusion rates are reduced with the interposition of tragal cartilage between the tympanic membrane and the prosthetic material. The perichondrium should be stripped from the cartilage graft on 
the surface in contact with the prosthesis and left intact on the surface contacting the tympanic membrane. The orientation of the implant and the tension of the tympanic membrane on the prosthesis are critical to maximizing sound 
transmission ( Figure 154-6 and Figure 154-7 ). [45] 

Ossicular fixation should be ruled out before reconstruction. Disarticulating the incudostapedial joint and removing the incus manage malleus head fixation. The 

 
Figure 154-4 Incus interposition. A and B, Incus is sculpted to fit between the capitulum of the stapes and the malleus handle. C, The modified incus is positioned to restore continuity in the ossicular chain. The final positioning with the 
modified incus in place. 

 

Figure 154-5 A and B, Ossicular defect reconstructed with a partial ossicular replacement prosthesis (PORP) bridging the stapes capitulum to the malleus handle. C, When the anterior offset between the malleus and stapes is too large, a 
columellar (drum to stapes) reconstruction with interposed cartilage is adequate. 

 

Figure 154-6 A, A total ossicular replacement prosthesis (TORP) is positioned between the stapes footplate and the malleus. B, Footplate to malleus prosthesis. C, Footplate to tympanic membrane. 



 

Figure 154-7 Schematic of a total ossicular replacement prosthesis (TORP) is positioned between the stapes footplate and the tympanic membrane. An adequate amount of tension is present on the reconstructed drum, and the prosthesis is as 
close to perpendicular to the footplate as possible to ensure optimum sound transmission. Also, note the cartilage between the drum and prosthesis. 
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Chapter 155 - SENSORINEURAL HEARING LOSS: EVALUATION AND MANAGEMENT IN ADULTS

H. Alexander Arts 

INTRODUCTION

Sensorineural hearing loss is an extremely common disorder, with a spectrum of effect ranging from an almost undetectable degree of disability to a profound alteration in the ability to function in society. Because its onset is frequently 
insidious, and it is frequently accompanied by subtle compensatory strategies, hearing loss is frequently overlooked by physicians and patients. The auditory system is complex, depending on the performance of many different systems for its 
continued function. Normal hearing function depends on the mechanical integrity of the middle ear mechanism and cochlear duct, micromechanical and cellular integrity of the organ of Corti, homeostasis of the inner ear biochemical and 
bioelectric environment, and adequate function of the central nervous system (CNS) pathways and nuclei. These depend on normal vascular, hematologic, metabolic, and endocrine function. As a result, disease of most any human 
physiologic system has the potential to affect auditory function.

It is worthwhile at the outset to review the scope and goals of this chapter. This chapter will provide an overview of the clinical evaluation, differential diagnosis, natural history, and pathogenesis of sensorineural hearing loss in adults. Other 
chapters will go into more detail on certain forms of sensorineural hearing loss. Specifically, more detailed discussions of the following topics will be found as follows: Trauma, Chapter 125 ; Otologic Manifestations of Systemic Disease, 
Chapter 127 ; Noise-Induced Hearing Loss, Chapter 128 ; Otologic Manifestations of Autoimmunity, Chapter 129 ; Ototoxicity, Chapter 130 ; Complications of Temporal Bone Infection, Chapter 134 ; Infections of the Labyrinth, Chapter 
135 ; Auditory Neuropathy, Chapter 153 ; Otosclerosis, Chapter 156 ; Management of Pediatric Hearing Loss, Chapter 198 ; Genetic Sensorineural Hearing Loss, Chapter 202 .

The purpose of this chapter is to provide a systematic review of the broad array of etiologies of sensorineural hearing loss (SNHL). There will inevitably be some overlap with some of these other chapters, and in these cases the reader is 
referred to these other chapters for a more detailed discussion. A thorough discussion of hereditary hearing loss will be deferred to Volume IV, Chapter 202 . Because sudden sensorineural hearing loss (SSNHL) is a common clinical entity 
that encompasses many different etiologies of SNHL, it will be discussed in more detail in a separate section at the end of this chapter.

CLINICAL EVALUATION OF THE PATIENT WITH HEARING LOSS

History

Evaluation of patients with sudden SNHL begins with a careful history. The degree of loss from the patient's perspective and its laterality (unilateral or bilateral) and chronicity (sudden onset, rapidly progressive, slowly progressive, 
fluctuating, or stable) should be assessed. Patients should be questioned for associated symptoms such as tinnitus, vertigo, disequilibrium, otalgia, otorrhea, or headache, and ophthalmologic or neurologic complaints should be sought. A 
sensation of aural fullness or pressure may be present and may be the patient's only complaint. A thorough medical history should be obtained with particular attention to cardiovascular, rheumatologic, endocrine, neurologic, and renal 
disorders and to any exposure to potentially ototoxic drugs. Surgical history should be evaluated, including a history of any trauma. The patient's history of exposure to noise, occupational and otherwise, should be specifically addressed. The 
type of noise, its estimated level, and duration of exposure should be documented. Both patients and their physicians frequently underestimate the importance of a patient's occupational noise exposure, as
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well as avocational exposures such as hunting, power tool use, and so on. Finally, the family history with regard to hearing loss is particularly important and frequently overlooked.

Physical Examination

Physical examination of the ears in patients with SNHL is frequently unrevealing. The whisper test and tuning fork testing can be used to estimate the degree of hearing loss and to determine whether the loss is predominantly conductive or 
sensorineural. With the exception of these findings, no abnormality generally will be seen in patients with SNHL. Otoscopic examination of the ears should exclude the possibility of acute or chronic otitis media. Neoplasm within the middle 
ear may, on rare occasion, be noted. Pulsatile tinnitus may be heard by the examiner with a standard or Toynbee stethoscope. Other cranial nerve (CN) abnormalities and stigmata of associated systemic disease or hereditary abnormalities 
should be specifically sought. The nonotologic portion of the physical examination is more likely to reveal positive findings.

Audiometric Testing

Only a brief discussion of audiometric testing is presented here. Conventional audiometric testing is discussed more thoroughly in Chapter 152 and electrophysiologic testing in Chapter 151 .

Audiometric testing serves to verify and to quantify the degree of hearing loss. Air conduction, bone conduction, and speech audiometry, along with tympanometry, constitute the minimum test battery in patients with suspected SNHL. Bone 
and air conduction pure tone audiometry helps to determine the type of hearing loss (conductive, sensorineural, or mixed). Speech audiometry serves to verify the pure tone audiometric results. Speech discrimination testing with assessment 
of the performance-intensity function helps to define further the nature of the SNHL (cochlear vs retrocochlear) and provides essential prognostic information regarding the potential benefits of amplification. Tympanometry with acoustic 



reflex testing serves to verify the conductive or sensorineural nature of the hearing loss and provides additional clues as to etiology. Tympanometry can be especially helpful in excluding the possibility of a conductive component in those 
with profound losses or bilateral losses in the presence of a masking dilemma.

Basic audiologic tests also can provide essential diagnostic clues as to whether a SNHL is cochlear or "retrocochlear" in origin. By "retrocochlear" we mean a lesion proximal to the cochlea; the most common retrocochlear lesion in a 
vestibular schwannoma. The examiner should have a high degree of suspicion for retrocochlear etiologies when there is asymmetry of loss, abnormally reduced or asymmetric speech discrimination, abnormal performance-intensity 
relationships ("rollover") on speech discrimination testing, or acoustic reflex abnormalities. Other CN findings, asymmetric tinnitus, or vestibular complaints (even if mild) should increase the level of suspicion.

Auditory brainstem response (ABR) testing is useful in evaluating the possibility of a retrocochlear etiology and for establishing thresholds in difficult-to-test patients (young children or malingerers). In the past, the ABR was believed to be a 
highly sensitive test for the presence of a retrocochlear lesion. It is less commonly used in this role today because of its reduced sensitivity in patients with small vestibular schwannomas contrasted with the diagnostic accuracy of magnetic 
resonance imaging (MRI). * 

Electrocochleography differs from ABR testing in that the reference electrode is placed closer to the cochlea (on or close to the tympanic membrane or promontory). This allows measurement of the cochlear microphonic (CM) potential, the 
summating potential (SP), and the auditory nerve action potential (AP). Wave I of the ABR corresponds to the AP of electrocochleography. Approximately two-thirds of patients with classic Ménière's disease will have an elevated SP/AP 
ratio. Such a finding has been believed to suggest the presence of endolymphatic hydrops.[205] Electrocochleography also can be useful in those in whom wave I of the ABR is weak or not present, because the location of the reference electrode 
inherently enlarges wave I.

Otoacoustic emissions consist of acoustic energy generated by the cochlea and recorded with a microphone in the external auditory canal. These emissions can be spontaneous in onset or, more commonly, evoked by an acoustic stimulus 
delivered to the ear canal. If the acoustic stimulus consists of a transient (a click or tone pip), the resulting emission is termed a transient-evoked otoacoustic emission (TOAE). If the stimulus consists of continuous pure tones of two separate 
frequencies (f1 , f2 ), the resulting emission is a continuous tone of frequency 2f1 –f2 and is termed a distortion product otoacoustic emission (DPOAE). Otoacoustic emissions are clearly generated within the cochlea and are believed to be a 
byproduct of the "cochlear amplifier." As such, they depend highly on the physiologic state of the cochlea and, if present, suggest normal cochlear function. Otoacoustic emissions are rarely present with hearing thresholds >30 dBHL, 
regardless of etiology. In addition, for an otoacoustic emission to be present, the middle ear mechanism must be functioning normally, because both the stimulus and the response must traverse the middle ear. The presence of an otoacoustic 
emission in an ear

*References [9] [34] [54] [135] [201] [247] [263] [270] . 
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with a SNHL suggests a retrocochlear etiology or possible pseudohypacusis. Because these etiologies are extremely rare in neonates, otoacoustic emissions also have been useful in neonatal hearing screening programs.

Vestibular Testing

Vestibular testing can be a useful adjunct in the evaluation of SNHL in selected patients. Evidence of ipsilateral peripheral vestibular hypofunction in a patient with unilateral progressive SNHL suggests the presence of a retrocochlear lesion.

Laboratory Testing

Laboratory testing rarely proves to be helpful in determining the etiology of SNHL. In most patients, either the fluorescent treponemal antibody absorption test (FTA-ABS) or the microhemagglutination test for Treponema pallidum (MHA-
TP) should be obtained, because the prevalence of syphilis is relatively high, it is frequently asymptomatic, it is important to manage, and it is a potentially treatable cause of SNHL. The Venereal Disease Research Laboratory (VDRL) test is 
not helpful in this regard, because it frequently becomes negative with inadequate management, in the latent phase of the disease, or in neurosyphilis. However, routinely obtaining hematologic, metabolic, and endocrine studies does not 
appear to be necessary or cost-effective. Similarly, routine screening for autoimmune disorders does not appear warranted. If these disorders are clinically significant, they typically are apparent from the history and physical examination. In 
addition, there appears to be no clear relationship between the results of any of these tests and the presence of autoimmune hearing loss.

Radiographic Testing

Radiographic imaging is warranted in selected patients with SNHL. MRI with gadolinium enhancement is currently the "gold standard" in evaluating potential retrocochlear hearing losses. The role of MRI vs ABR testing in this regard is 
somewhat controversial. Selective T2-weighted fast spin-echo MRI may be almost as sensitive as gadolinium-enhanced standard MRI and is less expensive.[229] Computed tomography (CT) is useful in patients with suspected labyrinthine 
anomalies, such as large vestibular aqueduct syndrome or Mondini dysplasia. CT also is useful in those with suspected labyrinthine fistula or temporal bone fractures.

ETIOLOGY OF SNHL

Developmental and Hereditary Disorders

Hereditary Disorders of Adult Onset

The discussion of hereditary causes of hearing loss in this chapter will be limited to the more common etiologies primarily presenting in adulthood. Hereditary factors play a frequent role in SNHL, and research in this area is expanding at a 
rapid pace. For a complete categorization and review of these disorders, the reader is referred to an excellent and encyclopedic work by Gorlin and others.[73] 

Nonsyndromic hereditary hearing loss.

Most hereditary SNHL is not associated with other hereditary abnormalities. Hereditary hearing loss without associated abnormalities is much more common than generally appreciated and frequently is overlooked. It is likely that genetic 
factors play a role in presbycusis and in susceptibility to noise-induced hearing loss. Distinct patterns of hereditary hearing loss transmitted in autosomal-dominant, autosomal-recessive, and X-linked fashion have been well described. 
Recessive or dominant isolated SNHL can be progressive or static, and may be congenital, present first at birth, in childhood, or adulthood. Approximately 90% of inherited SNHL is recessive.

Waardenburg's syndrome.



Waardenburg's syndrome is transmitted in an autosomal-dominant fashion and consists of a constellation of findings, including (1) dystopia canthorum (lateral displacement of the medial canthi); (2) broad nasal root; (3) confluence of the 
medial portions of the eyebrows; (4) partial or total heterochromia iridis; (5) a white forelock; and (6) sensorineural hearing loss. There is extreme variability in the expression of this disorder, and the hearing loss can vary from profound to 
none at all. The hearing loss can be unilateral or bilateral and can be associated with vestibular abnormalities.

Alport's syndrome.

Alport's syndrome is characterized by interstitial nephritis, SNHL, and, much less commonly, ocular manifestations. The disease is unique, because it is more common in women but typically is much more severe in men. In the past, it has 
been thought to be transmitted in an autosomal-dominant fashion. It is now clear that there is significant genetic heterogeneity. Hearing loss is progressive and variable, usually beginning in the second decade of life. Fifty percent to 75% of 
men develop end-stage renal failure by age 20 to 40 years.

Usher's syndrome.

Usher's syndrome consists of the combination of retinitis pigmentosa and SNHL, with or without vestibular deficits. Three distinct groups have been defined. Usher's syndrome type I accounts for 85% of all cases and is characterized by 
profound congenital hearing loss, absent vestibular response, and the development of retinitis pigmentosa by age 10 years. Type II accounts for 10% of
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cases and is characterized by congenital moderate-to-severe stable hearing loss, normal vestibular responses, and onset of retinitis pigmentosa in those aged 17 to 23 years. Type III is typified by progressive hearing loss with onset in 
childhood or late adolescence and variable onset of retinitis pigmentosa. Approximately 5% of patients have type III. The disease is transmitted in an autosomal-recessive fashion, and it is estimated that 1 of 100 people is a carrier of the trait.

Inner Ear Anomalies

Many patterns of dysplasia of the inner ear have been described, and most have been associated with SNHL. These dysplastic patterns of development may be inherited, sporadic, or the result of chromosomal abnormalities. Commonly used 
descriptive terms for these dysplasias include Scheibe dysplasia (cochleosaccular dysplasia, involving membranous labyrinth only), Mondini dysplasia (dysplasia of bony and membranous labyrinth), and common cavity deformity (otocyst-
like labyrinth with no cochlea or clear vestibular organs). However, patterns of labyrinthine dysplasias form a spectrum with all manner of anomalies and patterns of hearing loss. [107] 

Large vestibular aqueduct syndrome.

One form of inner ear dysplasia is unique, because it has been associated with delayed onset of SNHL. An enlarged vestibular aqueduct is commonly seen in combination with other inner ear dysplasias, but more recently, it has been noted as 
an isolated finding in many ears. These patients may have any level of hearing from normal to a profound loss. Frequently, both ears are affected, and the losses are asymmetric. Fluctuation of hearing is common and usually affects one ear at 
a time. This may present as anacusis in one ear with fluctuation in the other. There is often evidence of a conductive component to the low-frequency portion of hearing loss. In patients who have been followed over time, a progressive 
stepwise loss has been noted in many.[106] This syndrome has been found to be familial in some cases[77] and probably occurs much more commonly than generally appreciated. It is seen in isolation, as part of the Mondini malformation, and 
also in patients with brachiootorenal (BOR) syndrome and Pendred's syndrome. It is well demonstrated on high-resolution CT imaging of the temporal bone ( Figure 155-1 ).

Infectious Disorders

Infectious disease is a leading cause of SNHL in children and somewhat less so in adults.[31] Infectious etiologies 

 
Figure 155-1 Computed tomography of the temporal bone demonstrating the large vestibular aqueduct syndrome. The arrow indicates the enlarged vestibular aqueduct. 

 

Figure 155-2 Predicted hearing thresholds (median and extreme values) after 20 and 40 years of occupational noise exposure at 90 dBA-TWA. (ISO-1999, from Dobie RA: Medical-legal evaluation of hearing loss, New York, 1993, Van 
Nostrand Reinhold.) 



 

Figure 155-3 Speech frequency average noise-induced permanent threshold shift as a function of level of exposure (in dBA-TWA) and duration. (ISO-1999, from Dobie RA: Medical-legal evaluation of hearing loss, New York, 1993, Van 
Nostrand Reinhold.) 

 
†References [47] [98] [119] [168] [222] [259] . 
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Benign Intracranial Hypertension

Benign intracranial hypertension, also known as pseudotumor cerebri, probably is better termed idiopathic intracranial hypertension, because it is not always benign in nature. The disorder consists of increased intracranial pressure without 
evidence of mass lesion, obstructive hydrocephalus, intracranial infection, or hypertensive encephalopathy. It is associated with a long list of medical disorders but frequently presents as an isolated phenomenon. The underlying 
pathophysiology is poorly understood. The most common presenting symptoms are headache and visual blurring. Pulsatile tinnitus, SNHL, and vertigo also may be present. It is more commonly seen in young, obese women.[232] [236] 

The pulsatile tinnitus is objective and eliminated by jugular venous compression.[233] [234] The SNHL typically is a fluctuating, low-frequency loss that is unilateral or bilateral. Vertigo and aural fullness also may be present. The most serious 
manifestation of the disorder is progressive visual loss caused by optic atrophy. The disease is characterized by remissions and relapses. The diagnosis is confirmed by documentation of papilledema on funduscopy or CSF pressure >200 mm 
H2 O. ABR and electrocochleographic abnormalities can be seen. Management consists of weight loss, acetazolamide, furosemide, and on occasion, lumbar-peritoneal shunting.[234] [245] 

Vascular and Hematologic Disorders

Migraine

Migraine is a common disorder, usually restricted to headache and sometimes the neurologic symptoms of an aura. There are numerous subtypes of migraine associated with different neurologic deficits. Basilar migraine has been associated 
with numerous auditory and vestibular symptoms and signs, including episodic vertigo, SNHL, tinnitus, aural fullness, distortion, and recruitment. Fairly complex and specific diagnostic criteria have been established for basilar migraine.[239] 
In a recent series of 50 patients meeting the criteria for basilar migraine, 46% had bilateral, low-frequency SNHL, and an additional 34% had unilateral low-frequency SNHL.[183] The hearing loss frequently fluctuated and occasionally was 
severe. Basilar migraine has been implicated as an occasional cause of SNHL. Because of their similarity, there has been considerable speculation in the literature of an etiologic association between basilar migraine and Ménière's disease.

Migraine headache can be managed with β-blockers, calcium channel blockers, acetazolamide, NSAIDs, and antiserotonin agents. No systematic study evaluating the use of these drugs in those with basilar migraine is currently available. 
The reader is referred to the excellent reviews of Olsson[183] and Harker,[87] and to Chapter 143 for a more detailed discussion.

Vertebrobasilar Arterial Occlusion

Several eponyms have been applied to brainstem syndromes, but all apply to neoplasms with the exception of Wallenberg's syndrome (lateral medullary syndrome). Classic brainstem infarction patterns are seen less often than incomplete or 
mixed clinical pictures. To result in SNHL, the occlusion generally has to involve the anterior inferior cerebellar artery (AICA). Occlusion of the AICA results in ischemic infarction of the regions of the brainstem supplied by this artery. The 
occlusion typically results from thrombosis or embolism and rarely from other vascular disorders or surgical occlusion of the vessel. The area infarcted includes the inferior pons, and many of the findings are similar to Wallenberg's (lateral 
medullary) syndrome. In addition, the AICA usually gives rise to the internal auditory artery, which is the principal blood supply to the labyrinth. The findings in those with acute AICA infarction include acute vertigo with associated nausea 
and vomiting, facial paralysis, SNHL, tinnitus, ipsilateral gaze paralysis, ipsilateral loss of pain and temperature sensation on the face, contralateral partial loss of pain and temperature sensation on the trunk and extremities, and ipsilateral 



Horner's syndrome. The vertigo and hearing loss are caused by ischemic injury of the cochlear and vestibular nuclei in the brainstem and in the labyrinth itself.[216] Isolated cerebellar infarction can result in hearing loss, vertigo, facial pain or 
numbness, headache, or ataxia.[204] 

Rheologic Disorders and Blood Dyscrasias

Waldenström's macroglobulinemia.

Waldenström's macroglobulinemia is a plasma cell disorder in which abnormally large amounts of immunoglobulin M (IgM) are synthesized and circulate in the plasma. The result is increased blood viscosity and subsequent ischemic 
lesions. Progressive and sudden hearing losses caused by this disorder have been reported, and some patients with SNHL have responded to treatment with alkylating agents or plasmapheresis.[265] 

Cryoglobulinemia.

Cryoglobulinemia results from immune-complex disease, in which the resulting immune complexes are soluble at body temperature and precipitate at lower temperatures. The deposition of these complexes results in glomerulonephritis, 
vasculitis, and arthritis. The disorder can be associated with progressive or sudden SNHL.[175] 

Sickle cell anemia, leukemia, and lymphoma.

Sickle cell disease is associated with an increased incidence
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of SNHL.[3] [66] [180] It has been estimated that SNHL is present in up to 22% of patients with sickle cell disease.[59] The hearing loss may be progressive or sudden, and associated with sickle cell crises. [99] [181] [246] Leukemias and lymphomas also have 
been associated with SNHL caused by either leukemic infiltrates or hemorrhage within the inner ear or by vascular occlusion and resulting labyrinthine ischemia.[216] 

Cardiopulmonary bypass.

Cardiopulmonary bypass has been associated with a slightly increased risk of SNHL.[159] [189] [190] The loss most often is sudden, but one study suggests an increased incidence of bilateral high-frequency loss postoperatively. [227] The etiology would 
appear to be either embolic phenomenon or reduced perfusion of the inner ear.

Vascular Loops

Vascular loops within the cerebellopontine angle or internal auditory canal have been proposed to be a cause of not only SNHL but also of tinnitus, vertigo, and Ménière's disease.[11] [110] [111] [155] Although the concept of vascular compression of 
CNs causing intermittent neurologic dysfunction has been reasonably well accepted in trigeminal neuralgia and hemifacial spasm, it has achieved far less support in auditory and vestibular dysfunction. Vessel loops are found in contact with 
these nerves routinely during cerebellopontine angle surgery for other reasons, and these patients appear to be suffering no ill effects as a result. The entire CNS is subjected to such pulsation continuously. To date, nothing other than 
anecdotal evidence has been published supporting this theory.

Immune Disorders

Systemic Autoimmune Disorders

A variety of systemic (nonorgan-specific) autoimmune disorders have been associated with SNHL.

Cogan's syndrome.

Cogan's syndrome is perhaps the prototypical autoimmune disorder affecting the inner ear. It consists of attacks of acute nonsyphilitic interstitial keratitis together with auditory and vestibular dysfunction. The SNHL may be unilateral or 
bilateral and associated with severe vertigo, nausea, vomiting, and tinnitus. If untreated, the hearing loss frequently progresses to a profound loss over months. Other ophthalmologic findings may be present. If treated early enough, the SNHL 
typically is responsive to aggressive treatment with steroids. Immunosuppressive agents sometimes are required.[156] 

Polyarteritis nodosa.

Polyarteritis nodosa consists of a necrotizing vasculitis of small- and medium-sized arteries. It can present with a myriad of findings, including weight loss, fatigue, fever, anorexia, arthritis, neuropathy, hypertension, renal failure, abdominal 
pain, and SNHL. Diagnosis is made by demonstration of the necrotizing vasculitis by biopsy of involved tissue. The SNHL may precede the development of systemic symptoms or occur late in the disease. It may be unilateral or bilateral and 
either rapidly or slowly progressive. Facial paralysis also may be seen. Aggressive doses of steroids and immunosuppressive drugs are given for management.[257] [276] 

Relapsing polychondritis.

Relapsing polychondritis consists of an inflammatory reaction in multiple cartilages. The auricles usually are the first cartilages to be affected. Arthritis and eye findings are commonly present. The disorder frequently is present in 
conjunction with other autoimmune diseases. The associated hearing loss may be conductive, sensorineural, or mixed. The SNHL can be sudden or progressive in onset and may be associated with vestibular disturbances. Therapy includes 
steroids, immunosuppressive drugs, or dapsone.[36] [46] 

Wegener's granulomatosis.

Wegener's granulomatosis is a syndrome of necrotizing granulomatous vasculitis involving principally the lungs, airway, and kidneys. Hearing loss usually is conductive because of involvement of the eustachian tube or middle ear. 
Sensorineural hearing loss may be present if the granulomatous disease or secondary infection extends into the inner ear.[167] 



Other autoimmune disorders.

Other systemic autoimmune disorders less commonly associated with SNHL include scleroderma,[1] temporal arteritis, [128] systemic lupus erythematosus,[20] [145] sarcoidosis,[109] [185] [240] and Vogt-Koyanagi-Harada syndrome.

Primary Autoimmune Inner Ear Disease

McCabe[154] first described patients with bilateral SNHL responsive to immunosuppressive drugs. The loss can be sudden or progressive in onset. The loss usually involves both ears, either simultaneously or alternately. The hearing loss 
frequently is associated with vestibular symptoms and can strongly mimic Ménière's disease. A myriad of nonspecific tests of humoral autoimmunity may be abnormal. The hallmark of the disease is the responsiveness of the hearing loss to 
steroids or cytotoxic drugs. In some patients, a course of drug treatment can produce a long-lasting improvement in hearing, and in others, the hearing improvement depends on continued use of the medications.[101] In these patients, 
methotrexate frequently is used to reduce the need for continued high-dose steroids and their resultant side effects.[235] 
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In still others, the SNHL progresses despite aggressive treatment.

The sera of many of these patients have been shown to contain an antibody to a 68-kDa protein of bovine or guinea pig inner ear extracts. Furthermore, the responsiveness of the SNHL to steroid treatment correlates with the presence of this 
antibody.[91] [92] [165] Recently, this 68-kDa protein has been shown to be a member of the heat shock protein-70 family (HSP70).[14] [16] A significant percentage of patients with Ménière's disease show similar reactivity, suggesting that 
autoimmunity may play a role in at least a subset of those with Menière's disease.[74] [198] A full discussion of autoimmune inner ear disease is found in Chapter 129 .

AIDS

Sensorineural hearing loss is among the numerous neurologic manifestations of AIDS. The hearing loss may be a result of an infectious complication of AIDS, particularly cryptococcal meningitis or syphilis, or as a primary neurologic 
manifestation of the disease. Human immunodeficiency virus (HIV) should be a consideration in patients with otherwise unexplained SNHL when risk factors are present. * 

Paraneoplastic Syndromes

Neurologic paraneoplastic syndromes consist of neurologic abnormalities associated with malignant neoplasms not metastatic to the nervous system. In rare cases, the abnormality may involve the auditory or vestibular system.[80] 

Bone Disorders

Otosclerosis

Otosclerosis primarily causes a conductive hearing loss, but it is not uncommonly associated with a progressive SNHL, especially later in the course of the disease. The precise mechanism for this remains unclear. CT images of the cochlea in 
these patients frequently reveal a radiolucent area immediately surrounding the cochlea. Histologically, otosclerotic bone frequently involves the endosteum, but the degree of endosteal involvement does not clearly correlate with the degree 
of SNHL.[217] It is doubtful that isolated cochlear otosclerosis without stapedial involvement (and conductive hearing loss) occurs with any clinically significant frequency.[21] Treatment with sodium fluoride has been reported to retard the 
progression of hearing loss in these patients.[21] [22] [32] [33] The efficacy of this treatment remains controversial.[64] [127] [226] [238] Patients with very advanced otosclerosis can have a bilateral profound mixed hearing loss, which can be audiometrically 
indistinguishable from a profound SNHL. In these patients, stapedectomy can result in useful hearing improvement.[71] [140] [268] 

Paget's Disease

Paget's disease (osteitis deformans) is a common but poorly understood disorder of bone. It is most common in older individuals, with an estimated incidence of 1% in those aged 40 to 49 years to as high as 19% in those aged 80 to 89 years. 
Approximately 50% of patients with Paget's disease will manifest hearing loss. The loss can be conductive, sensorineural, or mixed. The stapes footplate is rarely fixed, and surgical ossicular chain reconstruction is rarely beneficial.[89] The 
treatment of Paget's disease consists of calcitonin or etidronate disodium. Some evidence indicates that medical treatment may stabilize or reverse the SNHL. [58] [130] 

Neoplasms

When patients are initially seen with unilateral or asymmetric SNHL, particularly when the presentation is not typical for Ménière's disease, neoplasm should be a principal diagnostic consideration. All patients with asymmetric or 
progressive SNHL should be evaluated for a neoplastic etiology. Lesions resulting in SNHL usually are located within the internal auditory canal (IAC) or cerebellopontine angle (CPA), but tumors located anywhere in the skull base or 
temporal bone can result in SNHL if the labyrinth is invaded.

Vestibular schwannoma is by far the most common neoplasm resulting in SNHL ( Figure 155-4 ). Best known as acoustic neuroma (AN), vestibular schwannomas originate from the vestibular nerves, either within the CPA or the IAC. AN is 
common, constituting 6% of all intracranial neoplasms.[280] It has been estimated that as many as 2500 new ANs are diagnosed in the United States annually.[105] ANs account for approximately 80% of all CPA neoplasms.[280] The most common 
presenting feature of AN is progressive unilateral SNHL. Any pattern of hearing loss can occur, but most frequently the loss initially involves principally the high frequencies. Commonly, speech discrimination is reduced out of proportion to 
the pure tone thresholds. AN can present as a sudden loss in as many as 10% of patients, although most sudden losses are not a result of AN.[160] Unilateral or asymmetric tinnitus, with or without hearing loss, also is a common presentation of 
AN. Patients may have mild or severe vestibular symptoms or may have none. Bilateral ANs are pathosnomic for neurofibromatos is type 2. The reader is referred elsewhere in this text for a more complete discussion of the pathogenesis, 
evaluation, and management of these common lesions.

*References [30] [78] [93] [129] [141] [146] [237] [251] . 
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Figure 155-4 Gadolinium-enhanced magnetic resonance image demonstrating a medium-sized vestibular schwannoma. 

 

Figure 155-5 Gadolinium-enhanced magnetic resonance image demonstrating the bilateral vestibular schwannomas pathognomonic for neurofibromatosis type II. 

 

Figure 155-6 Gadolinium-enhanced magnetic resonance image demonstrating a large cerebellopontine angle meningioma. This patient had tinnitus and normal hearing and had normal hearing after surgical removal of the lesion.[100]  

 

Figure 155-7 Median audiograms for patients with little to no noise exposure as a function of gender, frequency, and age. (From Dobie RA: Medical-legal evaluation of hearing loss, New York, 1993, Van Nostrand Reinhold.) 
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experience a variable degree of recovery from head injury-induced hearing loss, a process probably equivalent to the temporary threshold shift seen with acoustic trauma.

Perilymphatic fistula.

Round or oval window fistulas can occur congenitally, after stapedectomy, or after barotrauma. Sensorineural hearing loss is well described after events causing barotrauma.[2] [195] Some investigators theorize that these fistulas can occur after 
heavy lifting or straining or even spontaneously. Patients with such fistulas can have sudden or fluctuating SNHL and varying degrees of vestibular symptoms. There is no reliable test for the presence of such a fistula, and even surgical 
exploration is subject to error.[192] Except in poststapedectomy patients, it is doubtful that perilymph fistula is a significant cause of SNHL.

Intracochlear membrane breaks.

Intracochlear membrane ruptures and fistulas have been documented pathologically in patients with endolymphatic hydrops.[216] Such breaks have been proposed to be an etiology of SNHL.[230] Schuknecht and Donovan[218] have found no 
evidence of such breaks in a series of temporal bones from patients with sudden SNHL. Gussen, [81] [82] [83] however, has found evidence to support the membrane break-theory in a few temporal bones.

Pharmacologic Toxicity

Toxicity from any of the drugs discussed in the previous section on ototoxic causes of SNHL may result in the relatively sudden onset of hearing loss. In addition to these drugs, others have been associated with sudden SNHL. Interferon has 
been associated with SNHL, which has been reversible in most patients.[116] [117] The insecticides malathion and methoxychlor have been associated with bilateral SNHL.[86] 

Immunologic Disorders

The finding that many patients with SNHL appear to benefit from glucocorticoid therapy, as well as the finding of cross-reacting circulating antibodies in many patients with sudden and rapidly progressive SNHL, suggest that at least a 
subset of SNHL cases are caused by inner ear autoimmunity.[165] In addition, a number of well-known autoimmune diseases have been associated with SNHL. These include Cogan's syndrome,[37] [94] systemic lupus erythematosus,[20] temporal 
arteritis, and polyarteritis nodosa.

Vascular Disorders

Sudden hearing loss can occur with occlusion of the cochlear blood supply. Because of the abruptness of onset of SNHL and the fact that the cochlea depends on a single terminal branch of the posterior cerebral circulation, vascular 
occlusion has been thought by some to be an attractive hypothetical etiology for idiopathic sudden hearing losses. Other aspects arguing against a circulatory etiology include high incidence of spontaneous recovery, significant incidence in 
young patients, lack of an apparent increased incidence in diabetics, the fact that the loss frequently is limited to just a few frequencies, and the fact that most patients do not have vertigo. Similar to viral etiologies, few cases of SNHL are 
clearly a result of vascular occlusion, but most cases remain idiopathic. Temporal bone studies have not found evidence of vascular occlusion in cases of idiopathic SNHL.[216] Furthermore, series of patients with idiopathic SNHL have been 
evaluated for hemostatic abnormalities, and no significant association has been found.[57] The role of vascular occlusion vs viral infection in these idiopathic cases has been the subject of extensive debate over the years. At this point, it seems 
doubtful that a significant proportion of cases of idiopathic sudden SNHL have a vascular etiology.

Migraine,[139] [183] [261] hemoglobin SC disease,[59] [66] [99] [181] [246] and macroglobulinemia[175] [265] have been documented to be associated with sudden SNHL. Rare cases of thromboangiitis obliterans (Buerger's disease) have been associated with sudden 
SNHL.[121] Small cerebellar infarctions may mimic labyrinthine lesions, including sudden onset of hearing loss.[100] Cardiopulmonary bypass[189] [190] and noncardiac surgery [159] have been associated with an increased risk of sudden SNHL. Sudden 
SNHL has been reported after spinal manipulation with probable injury to the vertebrobasilar arterial system.[24] 

It has long been believed that patients with diabetes have a higher incidence of idiopathic sudden SNHL than those without. This has been based on their higher incidence of other acute cranial neuropathies and on the diffuse vascular 
abnormality found in diabetes. Histologic studies of human temporal bones from patients with diabetes mellitus have not consistently found any abnormal alterations.[114] [216] In a careful study of the relationship of idiopathic sudden SNHL to 
diabetes, Wilson and others[271] found that patients with diabetic idiopathic sudden SNHL were less likely to recover hearing at higher frequencies.[271] There was no significant difference in audiologic pattern between diabetic and nondiabetic 
patients with idiopathic sudden SNHL. An attempt to compare the incidence of diabetes in patients with idiopathic sudden SNHL with a control population was inconclusive.

Developmental Abnormalities

Large vestibular aqueduct syndrome is associated with SNHL, which frequently occurs in a stepwise fashion associated with minor head trauma. It appears
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plausible that other, as yet undefined, developmental abnormalities may predispose individuals to sudden SNHL, either spontaneously or after minor head trauma.

Idiopathic Disorders

Ménière's disease.

Some patients seen with typical sudden SNHL may ultimately develop a history more suggestive of endolymphatic hydrops or even frank Ménière's syndrome. This probably constitutes no more than 5% of all patients with sudden SNHL. In 
a review of 1270 patients with Ménière's disease, Hallberg [84] found that only 4.4% had initially been seen with sudden SNHL. A subset of these patients very likely have an autoimmune etiology of their hearing loss.

Multiple sclerosis.

Multiple sclerosis is a demyelinating disorder of the CNS manifested by differing neurologic lesions separated by space and time. sudden SNHL is a rare initial manifestation of MS.[47] [55] [228] Among patients with MS, auditory abnormalities are 
common.[113] [119] 

Sarcoidosis.

CNS manifestations are rare (incidence of 1%–5%), although among patients with neurosarcoidosis, 20% have eighth cranial nerve findings. This eighth cranial nerve involvement may present as sudden SNHL, although it only rarely is an 
isolated finding.[240] 

Psychogenic Disorders

Pseudohypacusis frequently presents as a sudden loss. In most patients, malingering is readily apparent after initial audiologic studies.

Treatment

Treatment of sudden SNHL should be based on its etiology. If an etiology is apparent, the appropriate treatment should follow: appropriate antibiotics for infectious causes, withdrawal of the offending drug for ototoxicity, and so on. 
Unfortunately, most cases are idiopathic, and treatment decisions should be made on the basis of empiric guidelines. Given the poor understanding of idiopathic sudden SNHL, it is not surprising that controversy surrounds its treatment. 
Because of the dictum, "first, do no harm," new or unconventional treatment protocols should be well reasoned and carefully applied. It seems prudent to avoid the use of potentially harmful treatment protocols outside of controlled clinical 
trials, because serious complications and deaths have been reported after treatment of idiopathic sudden SNHL.[279] 

Steroids in moderate doses have become the most widely accepted treatment option for idiopathic sudden SNHL. Wilson and others[272] performed a double-blind randomized trial of steroids vs placebo for idiopathic sudden SNHL. Their 
active drug group was treated with either a 10- or 12-day course of orally administered dexamethasone or methylprednisolone at tapering doses. They found that all patients (n = 14) with mid-frequency losses (loss at 4 kHz better than 8 kHz) 
had a complete recovery regardless of treatment. Furthermore, they noted that among patients with losses >90 dBHL at all frequencies, there was no difference in recovery between the steroid- vs placebo-treated groups. Among the 
remaining patients (nonprofound losses with hearing at 4 kHz better than 8 kHz), there was a significant increase in recovery in the steroid-treated group. Seventy-eight percent of those in the steroid-treated group experienced complete or 
partial recovery compared with 38% in the placebo-treated group. In a similar study, Moskowitz and others[166] confirmed a significantly improved recovery rate in a steroid-treated group compared with a nontreated control group. Direct 
steroid treatment to the inner ear, either by means of middle ear instillation or round window microcatheter, has seen increasing use on an empirical basis. This treatment has the potential advantage of very high steroid concentrations within 
the inner ear without the associated systemic side effects. Anecdotal reports indicate that this may indeed be more effective than orally administered steroids and that local complications are infrequent.[133] Refer to Chapter 131 for a more 
complete discussion.

An alternate management regimen proposed by some involves attempts to improve blood flow or oxygenation to the inner ear. Vasodilators have been extensively used in the treatment of sudden SNHL. Any proposed vasodilator would 
obviously have to cross the blood-brain barrier and have an effect on intracranial circulation. Intravenous histamine infusion, oral papaverine, and oral nicotinic acid have been used most frequently. Fisch and others have shown that 
breathing a gas mixture with increased partial pressures of O2 and CO2 (carbogen) results in increased perilymph oxygen tension in cats and humans.[60] [171] Other agents proposed to improve cochlear blood flow include low-molecular-weight 
dextran, mannitol, pentoxifylline, and heparin. In addition, the iodinated radiographic contrast agent diatrizoate (Hypaque) was serendipitously noted during a vertebral angiogram to improve the hearing in patients with sudden SNHL.[161] 
Morimitsu showed in the same report that, in a small series, 54% of patients treated with diatrizoate had a complete recovery compared with 19% of a control group treated with vasodilators. It was later shown that triiodinated benzoic acid 
derivatives such as diatrizoate had a specific effect on the stria vascularis, protecting the endocochlear potential from furosemide-induced depression.[96] 
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Clinical studies that used the previously mentioned agents have shown poor to mixed results. The varying definition of recovery used by different authors complicates the interpretation of these results. No controlled study has shown a 
beneficial effect from papaverine, nicotinic acid, or pentoxifylline. Donaldson [53] found no improvement with aggressive heparin therapy in a series of patients. In a prospective, randomized double-blind study, Probst and others[194] found no 
difference in outcome between placebo and treatment with low molecular weight dextran, pentoxifylline, or both. In a randomized prospective trial comparing papaverine/dextran infusion treatment with inhaled carbogen, the average hearing 
improvement in the carbogen group was better, although no significant difference in hearing recovery was seen between the two groups after 5 days of treatment.[60] After 1 year of treatment, there was a statistically significant improvement in 
hearing in the carbogen-treated group.[61] Redleaf and others[200] reviewed their 10-year experience with diatrizoate and dextran and noted that 74% of their 36 patients showed audiometric improvement with treatment. Only 36%, however, 
improved to 50% of their premorbid hearing levels, very close to the 32% recovery noted in the placebo group of the Wilson and others study.[272] Another, even more empirical, treatment protocol is the so-called shotgun regimen, which uses 
most of the proposed agents in hopes that one or more will be beneficial. Wilkins and others [269] reviewed their results with a protocol of dextran, histamine, diatrizoate, diuretics, steroids, oral vasodilators, and carbogen inhalation. Although it 
was a retrospective study and limited by methodologic problems, they were unable to show any difference in recovery between those who had the "full" protocol vs those patients who had only portions of the total regimen. Furthermore, their 
overall results were no better than those expected for spontaneous recovery.

Still other treatment ideas are directed at other presumed etiologies. Because endolymphatic hydrops is a common final pathology for many inner ear injuries and may be associated with some cases of sudden SNHL, some have advocated 
treatment with a sodium-restricted diet and a diuretic.[102] Because of the evidence for a viral etiology and specifically evidence of herpesvirus, treatment with oral antiviral medications has been proposed. Indeed, because these drugs rarely 
have adverse side effects, many practitioners routinely treat patients with sudden hearing loss with antivirals in addition to steroids. In a double-blind, randomized, placebo-controlled multicenter trial however, Tucci and others[253] found no 



difference in hearing recovery outcome between patients treated with steroids and valacyclovir vs steroids and placebo. Some have advocated aggressive management with very large (mega) doses of steroids or even cytotoxic medications. 
Clinical studies supporting the efficacy of any of these treatments have yet to be published.

The author believes that a reasonable treatment approach to sudden SNHL is as follows: sudden SNHL is regarded as an otologic emergency, and patients are evaluated audiometrically and by an otolaryngologist on an urgent basis. Known 
etiologies are excluded by a thorough history, physical examination, and appropriate laboratory, special audiologic, and radiologic studies. Gadolinium-enhanced MRI of the internal auditory canals and CPAs is obtained in all patients. A 10-
day course of prednisone, approximately 1 mg/kg/day, is prescribed, followed by a slow taper. If a partial recovery is noted at the end of the 10 days, the full dose is extended another 10 days, and the cycle is repeated until no further 
improvement is noted. In addition, valacyclovir, 1000 mg three times daily for 10 days, is considered, because it may be beneficial, and because the risks and side effects are minimal. A 2-g sodium diet is recommended with a 
hydrochlorothiazide-triamterene diuretic combination. Despite the possible efficacy of carbogen treatment, it is not routinely offered to patients with sudden SNHL. The treatment requires an in-patient hospitalization, which renders it 
expensive and inconvenient. Insurance companies regard it as investigational and typically do not reimburse for it. Given these issues and its controversial nature, most patients will not accept it if offered. It would be more strongly 
considered in exceptional situations, such as a patient with sudden SNHL in an only-hearing ear or in a particularly motivated patient.
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Chapter 156 - OTOSCLEROSIS

John W. House 
Calhoun D. Cunningham III 

INTRODUCTION

Otosclerosis is a disease of bone that is unique to the otic capsule. It may cause a conductive hearing loss, a mixed conductive-sensorineural hearing loss, or occasionally a purely sensorineural hearing loss. In 1860, Toynbee[47] first described 
the condition causing a hearing loss by fixation of the stapes. Politzer[33] in 1894 referred to the fixation of the stapes as otosclerosis, whereas Siebenmann[42] revealed on microscopic examination that the lesion seemed to begin as 
spongification of the bone and termed the process otospongiosis.

Clinically, otosclerosis patients are seen with progressive hearing loss. If the otospongiotic process primarily involves the stapes, the hearing loss is conductive. The most common area for stapedial fixation is the anterior crura. The process 
may progress to involve the entire footplate or may continue anteriorly toward the cochlea, causing a sensorineural hearing loss.

Otosclerosis is an autosomal-dominant hereditary disease with variable penetrance and expression. Two-thirds of those affected are women. The hearing loss usually begins in the late teens or early twenties but may occur as late as the 
thirties or early forties. At the House Ear Clinic, the youngest patient with surgically confirmed otosclerosis was 6 years old.[22] It may be accelerated by pregnancy. Many female patients first report hearing loss during or shortly after their 
first pregnancy.

The prevalence of otosclerosis varies with race and its expression ( Table 156-1 ). In whites, the disease is found in 7.3% and 10.3% of temporal bones for men and women, respectively. The stapes appears fixed in only 12.3% of those with 
histopathologic evidence of otosclerosis. Clinical otosclerosis is rare in blacks, Asians, and Native Americans. * .

HISTOPATHOLOGY

Early lesions appear adjacent to the fissula ante fenestram as sheets of connective tissue replacing bone. Bone is absorbed by osteoclastic activity, and new bone is deposited by osteocytes. The osteocytes are found at the advancing edge of 
the lesion, which extends into the otic capsule in fingerlike projections. These lesions contain vascular spaces in the center. The result is disorganized bone rich in osteocytes with enlarged marrow spaces rich with blood vessels and 
connective tissue. These lesions have an affinity for hematoxylin, which makes the bone appear darker. Healthy surrounding bone has few viable osteocytes and chondrocytes and is relatively avascular. The osteoclasts are multinucleated and 
appear in the center of the lesion, absorbing the already disorganized bone.

The extent and location of these lesions vary. Some are relatively small and do not involve the stapes. Those that have ceased all activity appear as sclerotic lesions. As the disease advances, the lesions spread across the stapedial annular 
ligament, causing stapedial fixation. If the lesion progresses in the opposite direction to the cochlea, it results in a sensorineural hearing loss ( Figure 156-1 ). It may spread in both directions, resulting in a mixed sensorineural conductive 
hearing loss ( Figure 156-2 ).

The type of stapedial fixation varies depending on the site of the lesion. For example, if the lesion begins in the posterior oval window and spreads to the stapes through the anterior and posterior annular ligament, it causes bipolar stapes 
fixation. When the lesion flows across the ligament onto the footplate, it totally obliterates any remnant of the original annular ligament. If the center of the footplate remains uninvolved, it retains its characteristic cartilaginous vestibular and 
bony tympanic surface. The lesion may replace the entire footplate, causing a solid footplate ( Figure 156-3 ).

*References [1] [11] [15] [27] [30] [36] [46]  
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TABLE 156-1 -- OCCURRENCE OF CLINICAL OTOSCLEROSIS

Reference Prevalence

Fowler and Fay, 1961, USA[12] 5.0% of patients with hearing loss * 

Morrison and Bundey, 1970, England[28] 0.3% of East London's population

Surján and others, 1973, Hungary (two sites)[45] 5.1% of patients with hearing loss

 2.4% of patients with hearing loss

Hall, 1974, Norway[16] 0.3% of Norway's population

Pearson and others, 1974, USA[31] 239:100,000 in Rochester, Minnesota in 1970

Mocicki and others, 1985, USA[29] 0.52% of a cohort study begun 29 years earlier

Huang and Lee, 1988, Taiwan[24] 1.13% of patients with hearing loss

Reference Incidence

Hall, 1974, Norway[16] 56:100,000, for Norway's population (1960–1969)

Pearson and others, 1974, USA[31] 13:700,000, in Rochester, Minnesota; from 1950–1969

 8.9:100,000, from 1950–1959

Stahle and others, 1978, Sweden[44] 12:100,000, yearly

Levin and others, 1988, Sweden[27] 6.1:100,000, for 1981

From Cummings CW and others: Otolaryngology—head and neck surgery, ed 2, St Louis, 1993, Mosby.
*Discounted patients with cerumen impaction. 

 
 
 
 
Figure 156-1 Stapes footplate and anterior crus adjacent to an anterior oval window otosclerotic process seen on the left. There is a small extension of the otosclerosis in the annular ligament extending to the stapedial footplate and causing 
minimal fixation. 

 

Figure 156-2 Three otosclerotic lesions involving the cochlear capsule. The largest one in the anterior oval window area also is fixing the stapedial footplate. This patient had sensorineural hearing loss and conductive loss caused by stapedial 
fixation. 

 

Figure 156-3 A solid stapedial footplate wherein the annular ligament has been totally replaced with otosclerosis. 

 

Figure 156-4 Large otosclerotic lesions surround the cochlea but spare the oval window area and thus the stapes. This patient had sensorineural hearing loss. 



 

Figure 156-5 Progressive changes in the configuration of the acoustic reflex with stapedial fixation. A, Healthy reflex with a sustained change in compliance as long as the stimulus is on. B, Diphasic reflex with an on-off pattern. This is seen 
in cases of early otosclerotic stapedial fixation. C, As the stapes becomes fixed, the diphasic reflex is replaced by an absent acoustic reflex. 

 

Figure 156-6 The operating room during stapes surgery. The nurse is on the opposite side of the patient, and the microscope is at the head of the table. 

 

Figure 156-7 The tympanomeatal flap is elevated after the initial incisions are performed. 

 

Figure 156-8 The curette is used to remove the posterior superior bony canal wall to obtain better visualization of the stapes. 

 

Figure 156-9 The distance from the incus to the footplate is measured from the lateral or medial surface of the incus. The usual distance from the lateral surface to the footplate is 4.5 mm. 



 

Figure 156-10 Cross section of the stapes footplate with the prosthesis extending about 0.25 mm through the footplate into the vestibule. 

 

Figure 156-11 At times, the diamond burr may be used to remove the posterior crus or weaken it. 

 

Figure 156-12 The microdrill and 0.7-mm diamond burr create a fenestra in the center of the stapes footplate. The fenestra is created before removal of the stapes superstructure. 

 

Figure 156-13 The piston is placed from the incus to the fenestra before removal of the superstructure. 

 

Figure 156-14 The piston is crimped around the incus before removal of the superstructure of the stapes. 



 

Figure 156-15 After removal of the stapes superstructure, blood is placed into the oval window as a seal. 
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Chapter 157 - SURGICALLY IMPLANTABLE HEARING AIDS

Charles C. Della Santina 
Lawrence R. Lustig 



INTRODUCTION

Hearing aids are the principal means of auditory rehabilitation for patients with sensorineural hearing loss (SNHL). Hearing aids may also play a role in the management of conductive hearing losses, particularly those that result from 
pathologies that are not amenable to medical and surgical treatment. Recent improvements in signal processing capabilities and increasing miniaturization of hearing aids have increased their acceptance among patients. Yet, there is no 
denying that hearing aids remain a "tough sell" to many who could potentially benefit from them, due to expense, complications of external auditory canal occlusion, cosmetic concerns, and lack of sufficient perceived benefit. For example, 
within a restaurant, multiple competing sound sources such as conversations, the ventilation system, and music can undermine the ability to detect and resolve speech cues. Many others simply cannot wear a hearing aid due to problems with 
the external auditory canal, chronic infections, or extreme discomfort. Although newer hearing aid technologies have tried to address many of these difficulties, many patients still find that hearing aids fall short in meeting expectations in a 
variety of situations. It is partly for these reasons that fewer than one in eight eligible adults actually use a hearing aid.[1] 

These inherent limitations in hearing aids, combined with the social stigma of their use, have led to the development of implantable hearing aids ( Figure 157-1 and Figure 157-2 ). Implantable hearing aids offer patients with hearing loss 
(HL) several potential advantages over conventional hearing aids. These include increased gain and dynamic range, reduced feedback, reduced maintenance, improved appearance, and freedom from ear canal occlusion. Of course, these 
potential benefits must be weighed against the possible downsides of hearing aid use, including the risk of surgical implantation, difficulty of maintenance, and increased initial device cost. Complicating this risk-benefit calculation is the 
uncertain future of corporations marketing and supporting various implantable hearing aids.

Before discussing each of the implantable hearing aids currently available or in development, it is important to review in more detail why there is a desire for their implementation in the first place.

LIMITATIONS OF AUDITORY REHABILITATION USING TRADITIONAL HEARING AIDS

Physical Factors

Traditional hearing aids are limited in their ability to amplify sound without imparting distortion or generating feedback, in part because these three aspects of performance are physically interrelated ( Box 157-1 ).

Insufficient Gain

For patients with severe to profound hearing loss, sound amplification (or gain) is a primary concern. For a patient with air conduction thresholds of 80-dB HL to perceive quiet sounds at a normal threshold of 0-dB HL, a hearing aid must 
amplify sound intensity by 80 dB, generating a 10,000-fold increase in sound pressure wave amplitude and a 100,000,000-fold increase in sound power intensity.[6] This represents the limit of existing traditional hearing aids. For example, the 
maximum amplification at 1 kHz for a behind-the-ear (BTE) Phonak SuperFront PPCL4 power digital aid is about 75 to 82 dB.[76] Gain generally scales with hearing aid size, so that cosmetically less obtrusive aids offer less gain. The 
maximum gains for digital in-the-ear (ITE), in-the-canal (ITC), and completely-in-canal (CIC) aids are currently about 55 to 65, 45 to 55, and 35 to 50 dB, respectively.[77] 

Acoustic Feedback

In practice, feedback often limits the useful gain of traditional hearing aids to less than the maximum gains listed previously. Acoustic waves from the hearing aid speaker leak through the air space between the hearing aid body and the 
external auditory canal wall
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Figure 157-1 An overview of how various implantable hearing aids interface with the auditory system. Although conventional aids amplify from within the canal, bone-anchored hearing aids (BAHA) are applied to the retroauricular skull to 
provide hearing via bone conduction. The RetroX sits behind the ear but delivers sound through a channel that emerges in the external auditory canal. Implantable middle ear hearing aids interface at the level of the ossicles, bypassing the ear 
drum. In contrast, cochlear implants directly stimulate the remaining neural elements within the cochlea. (Background illustration courtesy of Nikolas Blevins, M.D.) 

 

Figure 157-2 Schematization of sound transduction and coupling to the auditory system for different classes of hearing aids. A, Conventional air-conducting hearing aid. B, Implantable aids with piezoelectric actuator (e.g., Rion-E, Otologics 
MET, and Implex TICA). C, Implantable aids with piezoelectric sensor and actuator (e.g., St. Croix Envoy). D, Implantable aids with magnetic actuator (e.g., Vibrant MED-EL Soundbridge, Soundtec DDHS). E, Bone-anchored aid (e.g., 
Entific BAHA). 



 
 

Box 157-1. NON-IDEAL FEATURES OF CONVENTIONAL AIDS

Insufficient amplification 
 
Acoustic feedback 
 
Spectral distortion 
 
Nonlinear/harmonic distortion 
 
Occlusion of external auditory canal 
 
Appearance/visibility 
 
Lack of directionality 
 

 
 
Poor Transduction Efficiency

Loss of energy due to impedance mismatching and transduction losses is another inherent drawback of conventional aids. The mechanical impedance (change in pressure for a given displacement flow) of the air-filled external auditory canal 
differs from that of the fluid-filled cochlea. Without a middle ear mechanism, a majority of the acoustic energy striking the stapes footplate reflects back into the air. When the tympanic membrane and ossicular chain are functioning 
normally, they act as an impedance-matching transformer by virtue of the relative areas of the tympanic membrane and stapes footplate and by the lever action of the ossicular chain.[34] The relatively large-displacement, low-pressure 
movements of air against
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the tympanic membrane are transduced to the relatively small-displacement, high-pressure movements of the footplate. Except for bone-conducting aids, all traditional hearing aids use a speaker to output an (amplified) acoustic wave into the 
air of the external auditory canal. When this middle ear apparatus is malfunctioning, as occurs in otosclerosis, tympanic in membrane perforation, or in a canal-wall-down mastoidectomy, traditional hearing aids must overcome the 
impedance mismatch. The result is either reduced effective gain, increased distortion, or both.

Even when the ossicular chain is functioning normally, the transduction of acoustic energy from air at the input of a traditional hearing aid to stapes footplate motion is imperfect. Whenever a signal flows from one physical realm (e.g., 
electrical current in a speaker) to another (e.g., acoustic waves in air), some energy is lost (e.g., to heat) and noise or distortion can add to the desired signal. There are several transduction steps for a traditional hearing aid—from acoustic 
waves in ambient air, to electrical current in a microphone, to a larger electrical current in a speaker wire or piezoelectric driver, to acoustic waves in air within the external auditory canal, to movement of the tympanic membrane and 
ossicular chain, to acoustic waves in perilymph, to hair cell stereociliary deflection and depolarization, and so forth. Most are unavoidable (although cochlear implants bypass these steps through direct cochlear nerve stimulation). However, 
directly coupling a hearing aid actuator movement of the ossicular chain can delete some of these transduction steps, boosting gain and reducing distortion. Nearly all implantable hearing aids make use of this approach.

Human Factors



Although not specific to traditional hearing aids, SNHL imposes additional constraints on the degree to which sound amplification can overcome hearing deficits. These factors must be considered when evaluating whether technical 
improvements such as increased amplification gain are worth pursuing for a given patient.

Recruitment and Compression of Dynamic Range

One of the primary sources of frustration of patients with SNHL is reduced speech intelligibility. The common lament, "I can hear, but I cannot understand," underscores this point. This problem relates to abnormal frequency resolution and 
aberrant patterns of growth in loudness, each of which reduces speech intelligibility in challenging listening conditions such as noisy surroundings.[7] [15] 

SNHL also imposes severe constraints on the dynamic range of perceived sound. For normal listeners, the dynamic range from sensing soft sounds to the loudest tolerable noise is more than 100 dB. Within this wide dynamic range of 
hearing lies an approximately 35-dB dynamic range of conversational speech. In contrast, the dynamic range of patients with SNHL is often narrowed by both an increase in the threshold of audibility and a lowering of the ceiling of tolerance 
to high-intensity sounds. This compaction of dynamic range leads to "recruitment," an abnormal growth in loudness as sound intensity increases.[8] [53] What sounds normal for someone with normal hearing may be too soft for someone with 
recruitment, whereas what is too loud for someone with normal hearing is also too loud for the patient with recruitment. In effect, there is a much narrower range of sound intensity that a patient with recruitment can tolerate. Further adding 
to the difficulty, recruitment is observed in those frequencies that are most impaired, in the high frequencies, which also carry critical information for speech understanding.

Recruitment thus remains one of the principle challenges of hearing aid rehabilitation and is responsible for a common phenomenon most clinicians dealing with hearing loss have witnessed or experienced: at average speaking levels, an 
individual with recruitment may ask a speaker to talk more loudly, yet with even a slight increase in intensity the speech becomes intolerably loud, and the speaker is told not to shout! Although many hearing aids can be programmed to 
prevent sound from amplifying into a range that is uncomfortable, even the most advanced aids cannot fully replicate the complex, nonlinear response patterns of a healthy cochlea.[53] 

Disordered Perception of Pitch and Sound Localization

Another challenge faced by conventional hearing aids relates to impaired pitch resolution and sound localization. Although simple amplification strategies can compensate for this loss of sensitivity, they do little to restore the exquisite 
selectivity of the cochlea in organizing pitch information. Much of the benefit provided by the normal auditory system is based on the presence of two ears that independently sample the acoustic environment and send this information to the 
brain for comparison and analysis. Sound detection is an important first step in hearing and can be performed reasonably well by one sensitive ear. However, there is significant additional auditory benefit when sound input occurs through 
both ears. When only one ear functions, or when there is a drastic difference in hearing levels between ears, the ability to locate the source of sound decreases, as does suppression of background echoes and the ability to "block out" 
background noise.
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All of these aformentioned factors play a role to various degrees in patients and combine to increase the noncompliance rate in hearing aid users. For most, these are the principle reasons why hearing aids are unacceptable.[12] With all of these 
challenges facing conventional hearing aids, it is not surprising that many hearing aid users feel frustrated when hearing aids fail to perform to expectations.

THE PROMISE OF IMPLANTABLE HEARING AIDS

These limitations of traditional air conduction hearing aids have constituted the driving force behind the new generation of implantable hearing aids. Can implantable hearing aids solve these difficult challenges? Implantable hearing aids face 
most of these same hurdles, yet they have the added obstacle of requiring surgery for their placement, in addition to being potentially much more costly. Yet their allure includes the possibility of improved signal/noise ratios, greater 
amplification/gain potential, invisibility, loss of distortion and feedback, getting the aid out of the canal with the associated occlusion effect, greater dynamic range, and improved cosmetics. For some who simply cannot wear a hearing aid 
because of underlying medical problems or extreme discomfort, they may be the only option.

It is widely accepted that implantable hearing aids should provide distinct advantages over conventional hearing aids, including better cosmetics, improved fidelity, broader frequency response, less distortion, reduction or elimination of 
feedback, and better speech understanding, without reducing residual hearing, limiting patient activities, or predisposing patients to infection.[22] [52] In other words, they should be at least as good, though preferably better, than the best available 
noninvasive method of hearing rehabilitation: binaural amplification with the best available aid.[21] 

Although significant strides have been made in many of these areas, implantable hearing aids have yet to deliver all these features. There also remain questions regarding candidacy for implantation and willingness of patients to accept the 
costs and surgical risks ( Box 157-2 ). As noted by Junker and colleagues,[39] the number of patients in a fairly typical population of hearing impaired individuals who would be considered realistic candidates is limited, on the order of 0.09%. 
The market for implantable hearing aids may therefore not be sufficiently large to support the current array of device manufacturers. The recent financial failing of Symphonix Corporation, the first company to clear the U.S. Food and Drug 
Administration (FDA) hurdles and market their implantable middle ear hearing aid, strongly underscores this point.

The focus of the remainder of this chapter will be to critically review the advantages and disadvantages of each of the implantable hearing aids that are either in development or already in clinical use. Last, a different type of implantable 
hearing aid, the bone anchored hearing aid (BAHA), which is widely used in hearing rehabilitation for some very specific indications, will also be discussed.

 
 

Box 157-2. INDICATIONS AND CONTRAINDICATIONS FOR THE BAHA™

 
Indications 

1.  Any patient using a conventional bone conduction (BC) hearing-aid
2.  Any air conduction (AC) hearing aid user with chronic otorrhea
3.  Any AC hearing aid user experiencing too much discomfort because of chronic otitis media/externa
4.  Any AC hearing aid user experiencing uncontrollable feedback due to a radical mastoidectomy or large 



meatoplasty
5.  Otosclerosis, tympanosclerosis, canal atresia with a contraindication to repair, such as in an only hearing ear; also, 

otosclerosis in combination with items 2, 3, and 4 above
6.  Unilateral sensorineural hearing loss with >90 dBHL and speech discrimination score (SDS) <20

 
Contraindications 

1.  Pure-tone average BC thresholds (0.5–3.0 kHz) worse than 45 dB hearing loss, SDS >60%
2.  Emotional instability, development delay, or drug abuse
3.  Age younger than 5 years

 
 
MIDDLE EAR IMPLANTS

Basic Design Features

Transducer Design

Conventional hearing aids function by receiving acoustic energy through a microphone, processing and amplifying the signal (in either an analog or digital fashion), and transmitting the signal through a speaker adjacent to the eardrum. This 
amplified sound then travels through the normal auditory pathway of the tympanic membrane and ossicles to the inner ear. Implantable middle ear hearing aids also use a microphone that senses sounds and a signal processor that amplifies 
and alters the sound signal, just as in a conventional aid. From here they differ from conventional aids. In one of several mechanisms unique to each device, the implantable middle ear hearing aids convert the electric signal into a mechanical 
energy that is then is coupled directly to the ossicular chain (see Figure 157-1 ). The critical components of these systems are the transducer, which enables the device to output a signal that can be received by the ossicles, and the mechanism 
by
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which the transducer is coupled to the ossicles, which can either be a direct or indirect contact.[39] It is variations in these critical components that distinguish the various implant designs (see Figure 157-2 ). Goode and colleagues[22] have 
outlined the history of the development of implantable middle ear hearing aids.

There are two basic types of transducers that have been incorporated into the middle ear implantable hearing aids: piezoelectric and electromagnetic. Piezoelectric implantable hearing aids function by connecting the ossicles to an amplifier 
using a piezoelectric crystal vibrator. Piezoelectric materials are dielectric materials with coupled electrical and mechanical properties. Applying a voltage across an appropriately designed piezoelectric rod will cause it to bend or lengthen, 
with a predictable change in deflection based on the voltage applied. Within the implant, sounds picked up by a microphone are converted by the signal processor to an electrical signal and are sent to the piezoelectric rod. As this rod vibrates 
in response to the converted auditory signal, it lies in direct contact with the ossicles. In this manner, sound waves are transferred directly to the ossicles, which then travel along the normal auditory pathway. Thus, a critical feature of 
implants that use a piezoelectric transducer is direct contact between the piezoelectric unit and the ossicles.

Implantable middle ear hearing aids may also incorporate an electromagnetic transducer. These transducers generate a magnetic field using a coil carrying a current that encodes the microphone output. This magnetic field from the coil can 
then cause motion in a ferromagnetic substance that is nearby, causing it to vibrate. [39] As applied to middle ear implants, sound received from a microphone is converted by the signal processor, amplified, and sent to the electromagnetic 
transducer. The electromagnetic field that is set up then vibrates a ferromagnetic unit coupled directly to the ossicles. In contrast to the piezoelectric unit that must be in direct contact with the ossicles, electromagnetic transducers only need 
to be near the ossicles, which have attached to them the ferromagnetic device that will transmit the auditory signal to the ossicles.

These two types of amplification have different advantages for use in an implantable hearing aid. Electromagnetic transducers do not directly contact the ossicular chain but rely on electromagnetic transmission to a ferromagnetic unit that is 
attached to the ossicles. Furthermore, electromagnetic transducers can be packaged in a smaller housing, an important factor in the ear. In contrast, piezoelectric devices are larger and directly couple to the ossicular chain. The advantage of 
this type of transducer is its ability to deliver more distortion-free amplification directly to the ossicular chain.[39] In either event, to accommodate patients with moderate to severe SNHL in the 55- to 90-dB hearing level range, any implant, 
whether electromechanical or piezoelectric, should be able to deliver a maximum mechanical stimulation output equivalent to 120 to 130 dB sound pressure level (SPL).[38] [54] How each implant achieves this output level is described later.

Ossicular Coupling

As noted by Hüttenbrink,[33] to obtain optimal efficiency in implantable hearing aids, the aids must adapt to the mechanics of the middle ear and ossicular chain. As the third ossicle in the chain, and the one in continuity with the inner ear, the 
motion of the stapes is critically important in sound transmission. The stapes moves in a piston-like fashion. [24] Therefore, the ideal motion of the stapes by a prosthesis would be in this piston-like fashion. Any implant that directly attached to 
the stapes would thus function best by mimicking this motion.[73] [74] 

Various implants use a number of ways to contact the ossicles. Those that employ a piezoelectric transducer contact either the stapes head directly (e.g., the Rion Implant; the Envoy) or the incus body (e.g., TICA). Those implants that use an 
electromechanical transducer attach to the incus (e.g., Vibrant Soundbridge; MET) or the incudostapedial joint (e.g., Sountec Direct Drive System). Another electromechanical device under study bypasses the ossicular chain altogether and 
vibrates against the round window.[66] Each of these systems, except the round window vibrator, will be described in greater detail individually.

Total vs Partially Implantable Hearing Aids

Implantable middle ear hearing devices can be either totally or partially implantable ( Table 157-1 ). The partially implantable devices consist of an external microphone and speech processor that are connected to a transmitter with an 
external coil that transmits electrical energy transcutaneously to the internal device in much the same way cochlear implants are now powered. The battery-powered system is contained within the external device, decreasing the size of the 



implanted components. The internal device consists of an internal receiving coil, which provides electrical energy to the mechanical driver connected to the ossicular chain.

In contrast, the fully implantable systems house all of the aforementioned components within the implanted portion of the device, including the battery pack. although this does increase the size and complexity of the implanted components, it 
also reduces the visibility of the device, a feature that is desirable among hearing aid users.
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TABLE 157-1 -- A COMPARISON OF IMPLANTABLE AND NONIMPLANTABLE HEARING AIDS

Device Manufacturer Sensor Actuator Regulatory Approval

Totally/
Partially 
Implanted Surgical Placement Audiologic Indications MRI

Special Advantages/
Disadvantages

EAC 
Occlusion

TICA Implex AG Hearing 
Technology (Ismaning, 
Germany)

Piezoelectric, 
subcutaneous in external 
auditory canal

Piezoelectric, to incus Pending U.S. FDA; 
Europe CE Mark 1998

Total Transmastoid, 
optional malleus 
transection

Moderate-to-severe high-
frequency SNHL up to 90 
dB at 3 kHz but ≤30 dB at 
0.5 kHz; slope of the loss 
from 0.5 to 2 kHz >30 dB

+  No

Rion-E Rion (Tokyo, Japan) External BTE microphone Piezoelectric bimorph, 
to stapes

 Partial Transmastoid, with 
removal of incus, 
malleus, and 
tympanic membrane

MHL up to 50 dB at 1 
kHz with intact stapes; 
BPTA ≤50 dB and WDS > 
70% good intraoperative 
test results, severe middle 
ear erosion

+ Can use despite 
ossicular erosion; 
requires EAC 
obliteration

Total

Envoy St. Croix Medical, Intl. 
(St. Paul, MN)

Piezoelectric, coupled to 
malleus/tympanic 
membrane

Piezoelectric, to stapes In clinical trials Total Transmastoid, 
mandatory incus 
removal

See Figure 157-6  Very high power; 
requires incus 
removal

No

MET (Middle 
Ear 
Transducer)

Otologics, LLC 
(Boulder, CO)

Piezoelectric, coupled to 
malleus

Piezoelectric, to incus U.S. FDA clinical trials 
phase XXX

Partial Transmastoid Moderate-to-severe HL; 
see Figure 157-14 

  No

Vibrant 
Soundbridge

Vibrant-MED-EL 
(Innsbruck, Austria); 
Symphonix Devices, 
Inc. (San Jose, CA) 
until 2003

External BTE microphone Magnetic, clipped to 
incus

Approved, U.S. FDA and 
CE Mark

Partial Transmastoid and 
endaural

See Figure 157-9 - First U.S. FDA 
approved, largest 
install base

No

DDHS Soundtec, Inc. 
(Oklahoma City, OK)

External ITC microphone Magnetic, to incus U.S. FDA 2001 Partial Endaural, clip on 
ossicle

 0.3 T  Yes

BAHA Entific Medical 
Systems (Gothenburg, 
Sweden)

External microphone Electromagnetic 
vibrator, coupled to Ti 
screw in skull

Approved, U.S. FDA and 
CE Mark

Partial Cortical skull bone 
screw

Conductive HL unable to 
tolerate conventional HA

+ Simple placement, 
nothing in ear or 
mastoid

No

RetroX Auric Hearing Systems 
(Rhine, Germany)

External BTE microphone Acoustic to tympanic 
membrane

Approved, U.S. FDA and 
CE Mark

Partial Transconchal Figure 157-16 + Noninvasive 
placement; acoustic 
coupling

Minimal

Conventional 
Digital BTE

Many External BTE microphone Acoustic, to tympanic 
membrane

Yes N/A N/A Mild-to-severe CHL or 
SNHL

N/A No surgery required; 
visible, EAC 
occlusion

Yes

Conventional 
Digital CIC

Many External microphone at 
lateral end of CIC device

Acoustic, to tympanic 
membrane

Yes N/A N/A Mild-to-moderate CHL or 
SNHL

N/A No surgery required, 
invisible; EAC 
occlusion

Yes

 
Piezoelectric Middle Ear Implantable Hearing Aids

Totally Implantable Communication Assistance, Implex AG

The Totally Implantable Communication Assistance device (TICA), is a completely implantable piezoelectric middle ear hearing aid. The device was originally designed by Leysieffer and Zenner in the early 1990s at the University of 



Tübingen, Germany.[80] Further device refinement and manufacture has occurred through Implex AG Hearing Technology ( Figure 157-3 ).
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Because the TICA is a fully implantable system, size and energy constraints have been critical features of the design of the implant. The two main components of the implant are the sensor and the actuator, the latter of which couples to the 
incus (see Figure 157-3 ). [80] The sensor, or microphone, is based on designs by Kodera and others and is implanted subcutaneously in the external auditory canal adjacent to the tympanic membrane.[42] [80] The advantage of this placement is that 
it allows the microphone to
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incorporate the sound processing effects of the auricle and ear canal, which are important for sound localization. The sensor is a hermetically sealed titanium cylinder measuring 4.5 mm in diameter with a stiff but flexible titanium membrane.
[80] Sound-induced movement of the skin in the medial canal is picked up by the microphone housed within the sensor. The implanted electronic circuitry allows sound amplification and processing.

The actuator uses a circular heteromorph system that consists of a piezoelectric disc adjacent to a titanium disc. The actuator includes a 0.5-mm titanium probe that is coupled to the incus for sound energy transfer to the ossicles. Power 
consumption is minimal (in the 1-µW range), and the device is contained within a biocompatible titanium casing.

The battery contained within the processor unit is an accumulator cell that can be recharged through a transcutaneously driven transmission coil. The manufacturers state that a 2-hour charge is required for 50 hours of implant running time. 
The device can be shut off at any time with manual remote control, preserving the battery charge.[44] 

The TICA developers have proposed that their design improves on a notable shortcoming of many other implantable middle ear hearing aids: the loss of amplitude at higher frequencies.[82] Human cadaveric studies have shown that the implant 
can generate values at the probe tip corresponding to about 100 dB SPL at 1 kHz and can reach more than 130 dB SPL at high frequencies with minimal distortion.[82] Further animal experiments have shown that there is good correlation 
between acoustically evoked and mechanically evoked thresholds on auditory brainstem response testing, including latencies, and that there are no adverse effects of implantation caused by the chronic long-term (6-month) stimulation of the 
TICA.[59] [80] 

A significant benefit of the TICA is that, unlike many other implantable hearing devices, it is magnetic resonance imaging (MRI) compatible.[80] Because the components are made of pure titanium without magnetic susceptibility, there is no 
torque produced by a large magnetic field. Thus, although the implant may cause some scattering and distortion of an MRI scan, there is little risk to the ossicular chain or inner ear.

A significant potential drawback of the TICA design is the potential for feedback from the actuator backward through the ossicular chain and tympanic membrane to the subcutaneous microphone. Zenner[80] describes overcoming this problem 
in a subset of patients by performing a "reversible malleus neck dissection" using a CO2 , KTP, or Erb:YAG laser. This also had the benefit of increasing effective gain because no actuator energy was lost to movement of the malleus and 
drum. However, this procedure creates an ossicular discontinuity and therefore necessarily degrades unaided conductive hearing.

Implantation of the TICA involves placement of three distinct but connected components: the piezoelectric actuator, the sensor, and a processing module that includes the battery and digital sound processor. The surgical approach [80] involves 
a standard mastoidectomy. The actuator can be coupled to the incus body, reachable via the aditus ad antrum, or the long process of the incus, approached via a standard facial recess/posterior tympanotomy approach. The actuator is fixed to 
mastoid bone using a fixing plate and is then coupled to the incus using a positioning system. Alternatively, a titanium clip is used if attachment is to be made to the long process of the incus. Maasen and colleagues[51] [52] have described 
approaches to coupling the TICA to the stapes superstructure or footplate in cases of ossicular erosion. For attachment to the incus body, a 0.5-mm trephine is made in the incus, and the transducer is inserted with ionomeric cement for added 
stability. The processor is placed in a drilled trough in the squamous portion of the temporal bone and fixed with sutures, similar to the placement of the electronics in a cochlear implant surgery. The sensor is slid subcutaneously in the 
posterior canal after drilling a small hole in the posterior canal wall. The leads from the transducer and sensor are then connected to the processor.

The TICA has been in use in Europe since 1998 but is not yet approved for human clinical trials in the United States.[81] The indications for implantation include patients who cannot benefit from conventional hearing aids because of problems 
related to the ear mold or canal skin, feedback difficulty, background noise, uncomfortable loudness levels, and insufficient auditory gain.[68] Based on studies by the developers of the implant, patients should have a moderate to severe high-
frequency SNHL up to 90 dB at about 3 kHz. The maximum hearing loss should be no more than 30 dB at 0.5 kHz. Furthermore, the slope of the loss between 0.5 and 2 kHz should be 30 dB or more ( Figure 157-4 ). Patients must also be 
free of middle ear and mastoid disease, and the developers recommend that a Schuller's radiograph show normal mastoid pneumatization.[49] 

To date, the clinical results of the TICA have been solely published by the developers of the implant, and widespread peer-reviewed clinical data do not yet exist in the English literature. These preliminary reports suggest that the implant 
does offer patients with the indicated hearing loss significant benefits. [80] [82] In their study of 20 patients with the indications noted previously, statistically significant increases in
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Figure 157-3 The Implex TICA. A, Schematic device as implanted, with a subcutaneous microphone in the external auditory canal wall, processor implanted against calvarium, and a piezoelectrical actuator coupled to the incus. B, Alternate 
coupling to head of incus, with reversible malleus neck dissection to minimize feedback to the microphone via the malleus and tympanic membrane. C, TICA implanted in a temporal bone. D, Actuator detail. E, Microphone detail. F, 
Complete device. 



 

Figure 157-4 Audiologic selection criteria for TICA. Patients should have a moderate to severe high-frequency SNHL up to 90 dB at about 3 kHz. The maximum hearing loss should be no more than 30 dB at 0.5 kHz. Furthermore, the slope 
of the loss between 0.5 and 2 kHz should be 30 dB or more, according to the manufacturers. The shaded area is inclusive of the acceptable levels of hearing for implant candidacy. 

 

Figure 157-5 The St. Croix Envoy piezoelectric totally implantable hearing aid. A, Implantation schematic. Instead of a microphone, sound enters the device via a piezoelectric transducer coupled to the malleus and tympanic membrane. A 
piezoelectric actuator produces amplified stapes motion. Note that the incus has been removed to prevent feedback. B, Complete device. 

 

Figure 157-6 Audiologic selection criteria for the Envoy. The Envoy is designed for patients with moderate to severe hearing loss (35 to 85 dB) between 500 and 4000 Hz in the implanted ear that is equal to or worse than the hearing loss in 
the nonimplanted ear, normal tympanometry, and speech discrimination ≥60%. The shaded area of the figure corresponds to the pure-tone audiometric implant criteria. 



 

Figure 157-7 The Rion-E semiimplantable hearing aid. A, External behind-the-ear components couple a driving signal to the implanted transducer via an inductive link. A piezoelectric bimorph rod vibrates the stapes. Note removal of incus, 
malleus, and tympanic membrane and the creation of a new lateral tympanic cavity wall to accommodate the device. B, External processor. C, A stylized surgeon's view of the implantation. 

 

Figure 157-8 The Vibrant Soundbridge semiimplantable hearing aid. A, An external microphone couples via an inductive transcutaneous link to the actuator, a "vibrating ossicular prosthesis" (VORP) that couples to the incus long process 
(B). C, Implanted component of device. D, VORP actuator. E, Programming unit and external circuitry. F and H, The inductive link is implanted against retromastoid cortical bone, similar to a cochlear implant. G, The VORP is clipped to 
the incus via a facial recess approach. 



 

Figure 157-9 Audiologic selection criteria for the Soundbridge. The Soundbridge is indicated in patients with moderate to severe sensorineural hearing loss of up to 70-dB pure-tone average hearing thresholds. The shaded area of the figure 
corresponds to the pure-tone audiometric implant criteria. 

 

Figure 157-10 The Soundtec DDHS semiimplantable electromagnetic hearing aid. A, A behind-the-ear (BTE) external microphone and processor convert the acoustic signal to a current. In an earmold assembly, the current passes through an 
inductor coil to generate a magnetic field encoding the sound. The field causes vibration of a magnet affixed to the incudostapedial joint. B, Complete device with the BTE processor. C, Complete device with the in-the-canal processor. D, E, 
and F, The vibrating magnetic transducer is placed via an endaural approach with temporary disarticulation of the incudostapedial joint. 

 

Figure 157-11 Audiologic selection criteria for Soundtec DDHS. There should be a minimal air-bone gap (about 10 dB), a high-frequency pure-tone average between 35 and 70 dB (at 100–4000 Hz), and speech discrimination scores about 
60% (NU-6 word list). Additionally, the manufacturer recommends at least a 2-year duration of the hearing loss with no fluctuations, at least a 3-month trial of an appropriate conventional aid in the ear to be implanted, and a patient age 
between 21 and 80 years. Last, there should be no evidence of chronic otitis media or externa, appropriate cognitive skills and motivation, and an adequately sized ear canal to enable fitting of the coil. The shaded area of the figure 
corresponds to the pure-tone audiometric implant criteria. 



 

Figure 157-12 Otologics Middle Ear Transducer (MET). A, Schematic placement, with external microphone and processor, transcutaneous inductive link, and electromechanical actuator impacting head of incus. B, Implanted components of 
MET. C and D, The external components of the MET. 

 

Figure 157-13 Surgical implantation of the Otologics MET begins with a limited antrotomy (A) sparing cortical bone ledges for attachment of a metallic stage (B-C), which will steady a laser (D) for creation of a small hole in the 
posterosuperior incus. E, The laser is removed and replaced with the MET actuator, the tip of which inserts into the incudotomy (F). The actuator is secured to the stage (G), the remainder of the implanted device is secured to retromastoid 
cortical bone (H), and an external processor later connects to this area via a transcutaneous inductive link (I). 



 

Figure 157-14 Audiologic selection criteria for Otologics MET. The shaded area of the figure corresponds to the pure-tone audiometric implant criteria. 

 

Figure 157-15 Operative technique for placement of Entific BAHA. A, A posterior-based skin flap is elevated and (B) thinned until all hair follicles are removed from the flap center. C, Soft tissues beneath and adjacent to the flap are 
excised to create a smooth transition from surrounding tissue to the thin central skin flap. D, A 3- to 4-mm hole is drilled in mastoid or retromastoid cortex. E and F, A countersink creates a recessed surface for implant placement. The hole is 
tapped (G), and a titanium screw is implanted (H) and tightened in place (I and J). The skin flap is replaced (K), a metallic abutment for later attachment of the vibrating external hearing aid is attached to the screw (L and M) and a healing 
cap is placed to apply pressure to the skin flap (N and O). 

 

Figure 157-16 The Auric RetroX metallic tube and transcutaneous placement from the retroauricular sulcus to external auditory canal. 
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Chapter 158 - PATIENT EVALUATION AND DEVICE SELECTION FOR COCHLEAR IMPLANTATION

Phillip A. Wackym 
Jill B. Firszt 
Christina L. Runge-Samuelson 

INTRODUCTION

The development and improvement of cochlear auditory prostheses have radically reshaped the management of children and adults with significant hearing loss. Rapid evolution in the candidacy criteria and the technology itself has resulted 
in large numbers of individuals who have benefited from implantation. Likewise, the introduction of three device manufacturers into the U.S. marketplace has accelerated the research and development of these auditory prostheses. In this 
chapter, the evaluation and expectations for both children and adults will be discussed, and so will the similarities and differences between all three available devices in the U.S. marketplace. The Advanced Bionics Corporation's (Sylmar, Ca) 
HiRes 90K device, Cochlear Corporation's (Englewood, Co) Nucleus 3 System (CI24R (CS) with Contour electrode) device, and the MED-EL Corporation's (Durham, NC) C40+ device—as well as various electrode options—will be 
discussed in this chapter. Likewise, the speech coding strategies adopted and developed by each manufacturer, the external hardware, and the factors that affect device choice will be reviewed. Finally, frontiers of cochlear implantation (e.g., 
combined electroacoustic stimulation, rehabilitation of asymmetric hearing loss, bilateral cochlear implantation) will be discussed with regard to candidacy and expectations.

GENERAL BACKGROUND

Cochlear implants are auditory prostheses designed to link an internal device that is interfaced with the cochlear nerve to an external device that uses a specific speech coding strategy to translate acoustic information into electric stimulation. 
For the majority of etiologies of deafness, the auditory hair cells are lost or dysfunctional. The bipolar spiral ganglion neurons and their primary afferent dendrites remain intact (to varying degrees on the basis of etiology), and they are 
available for direct electric stimulation by the cochlear implant. The tonotopic organization of the cochlea is emulated by orienting the electrode contacts toward the modiolus within the scala tympani and assigning frequencies to specific 
electrodes along the length of the electrode array such that electric stimulation that corresponds with the highest pitches is delivered within the basal region of the cochlea, whereas electric stimulation that corresponds with the lowest pitches 
is delivered within the apical region of the cochlea. The electric impulses directly depolarize the primary afferent neurons, thereby effectively bypassing the dysfunctional hair cells. All three device manufacturers use an external processor 
that encodes speech on the basis of the features that are critical for word understanding in normal listeners. Remarkably, there have been more than 50,000 individuals who have received cochlear implants, and these devices are now reliably 
enabling speech comprehension in the vast majority of appropriate cochlear implant recipients. Discussion of the three available devices and issues related to device selection will follow a review of patient evaluation and candidacy criteria.

Prelingually deafened children acquire speech and language through central plasticity resulting from stimulation by the auditory prosthesis. Some prelingually deafened adults are appropriate cochlear implant recipients, but they have more 
limited central plasticity than what is required for auditory pathway development and processing. Postlingually deafened children and adults, and those with significant hearing loss who derive marginal benefit from hearing aids, are 
appropriate cochlear implant candidates. A detailed
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review of the current candidacy criteria for children and adults follows.

PATIENT EVALUATION

There are several issues that can be generalized to both children and adults, and there are others that are specific to each of these groups. In this section, we will address the common issues; these will be followed by the specific adult and 
pediatric issues.

Otologic/Medical Evaluation and Imaging

The medical evaluation begins with a detailed collection of the patient's history followed by a physical examination. The otologic history includes age of onset of hearing loss, progression of the hearing loss, bilaterality of the hearing loss, 
risk factors for hearing loss (e.g., noise exposure ototoxicity, trauma), and history of ear disease and surgery. History of vestibular dysfunction includes delayed age of walking, difficulty with riding a bicycle, or difficulty maintaining balance 
while walking with eyes closed or in the dark. A thorough family history is important, including the age of onset, the severity of the hearing loss, and the rate of progression.

Genetic Hearing Loss

The etiology of the hearing loss is an important consideration. Significant hearing loss (including deafness)—although a clear symptom—has a very heterogeneous group of etiologies. Of the genetic causes, several hundred forms of 
syndromic hearing loss have been identified, and the list of nonsyndromic loci now exceeds 65.[98] 

Profound congenital deafness occurs in approximately 1 in every 1000 children, and roughly 60% of these cases are hereditary.[62] It is estimated that 70% of all hereditary hearing loss cases are nonsyndromic; nearly 80% of these patients 
have inherited the condition in an autosomal-recessive fashion.[57] To date, 30 autosomal-recessive, 29 autosomal-dominant, and 8 X-linked loci have been characterized for nonsyndromic sensorineural hearing loss (NSHL).[98] Two 
mitochondrial DNA variants have also been implicated.[41] Studies indicate that up to 50% of all NSHL cases are due to a mutation in a single gene encoding connexin 26 (Cx26).[11] The gene coding for Cx26 (gap junction protein beta 2 or 
GJB2) is located at locus DFNB1 on human chromosome 13q12. The coding sequence of the protein is contained in a single exon that can be easily analyzed using polymerase-chainreaction-based methods.[45] 

Gap junctions facilitate communication between adjacent cells by providing a channel for the diffusion of ions, second messengers, and metabolites. [9] [68] Gap junctions are composed of an integral membrane protein called connexin, which 



can oligomerize to form single-membrane channels called connexons. Each connexon is composed of six connexin subunits that are arranged radially around a central opening; in some cases, these can be composed of multiple types of 
connexins (heteromeric).[8] [43] Cx26 and connexin 30 (Cx30) are examples of different connexins that are capable of forming functional heteromeric connexon channels.[13] [16] Connexins are members of a multigene family that is made up of 20 
different connexins with distinct tissue-specific distributions. Cx26 and Cx30 are coexpressed in many tissues, including the cochlea, where they are thought to provide a means of returning K+ ions to the endolymph after hair cell 
stimulation. A single genetic mutation—the deletion of a guanine within a stretch of six guanines at nucleic acid position 35 (35delG), which results in premature chain termination—represents the majority of mutated Cx26 alleles among 
whites worldwide.[46] [108] Carrier rates for this allele have been well described and are estimated to be 2.5% in the general population, with a total carrier rate for all Cx26 mutations at 3.01%. [33] 

Cx26 mutations that are associated with other specific ethnic groups have also been described. Examples include 167delT, which has a carrier rate as high as 7.5% in the Ashkenazi Jewish population,[52] and 235delC, with a 0.5% to 1% 
carrier rate in Korean and Japanese populations.[17] [25] [51] [69] The 235delC mutation has also been seen in individuals of Chinese decent.[36] Recent studies implicated connexin 30 (gap junction beta 6 or GJB6) in connexin-related hearing loss; it is 
expressed in the same inner ear tissues as Cx26, and it is also located on human chromosome 13q12.[16] A large deletion of 342 kb that involves most of the Cx30 gene plus ∼340 kb of upstream sequence is the second most common connexin 
mutation (after 35delG) in some NSHL populations.[16] Cx26 mutations are not associated with other comorbidity. Children with Cx26 mutations are typically excellent performers with their devices, if the devices are implanted early.[34] 

Genetic syndromal deafness represents a small proportion of all significant hearing loss; however, there are typically other considerations to be made when these individuals are being considered for cochlear implantation. Although there are 
more than 400 genetic syndromes that include hearing loss, most syndromic deafness is confined to a very limited number of syndromes.[31] There are only two common autosomal-recessive forms of syndromic deafness: Pendred syndrome 
(deafness, wide vestibular aqueduct, and thyroid dysfunction) and Usher syndrome (deafness, blindness due to retinitis pigmentosa, with or without vestibular dysfunction). Jervell and Lange-Nielson syndrome (deafness and sudden death 
syndrome
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as a result of a prolonged QT interval) may be seen in families with strong histories or in population isolates; however, it is important to consider when preparing to bring a child to the operating room when there is a family history of 
deafness and cardiac death. Unfortunately, electrocardiogram is not entirely sensitive or specific [7] ; however, referral to a cardiologist for evaluation and treatment is essential for any deaf child with prolongation of the QT interval on an 
electrocardiogram, history of syncopal episodes, or a family history of prolonged QT interval. Neurofibromatosis type 2 is usually diagnosed in patients between the ages of 10 and 30 years, and these individuals can express the phenotype of 
bilateral acoustic neuromas, which is an important issue to consider when developing a management algorithm. If one of the tumors is removed while it is small and if the cochlear nerve is preserved (despite functional hearing loss), cochlear 
implantation is appropriate if a several-year interval has been observed, thereby indicating that a recidivistic tumor will not compromise the cochlear nerve; otherwise, auditory brainstem implantation is an appropriate alternative.

The previous four syndromic disorders are not readily diagnosed at birth by history and physical examination. The most common dominant syndromic diseases that result in deafness are Stickler syndrome, branchiootorenal syndrome, and 
Waardenburg syndrome. When physical examination or history suggests a syndromic hearing loss, online resources have been developed to help the physician during the evaluation process.[67] 

Auditory Neuropathy/Dyssynchrony

Over several years, evidence has gradually emerged regarding the existence of a hearing disorder that does not fit into the standard conductive, mixed, or sensorineural hearing loss categories. Relatively recently, the diagnosis of auditory 
neuropathy/dyssynchrony (AN/D) has been specified as a hearing disorder in which normal cochlear outer hair cell function is found in conjunction with absent or abnormal auditory neural responses; this is indicative of poor neural 
synchrony. [91] Reports about the incidence of AN/D symptoms range from 0.5%[15] to 1.3%[54] of the population that is suspect for hearing loss and 15% of those with absent auditory brainstem response (ABR),[54] which is otherwise consistent 
with severe to profound sensorineural hearing loss. Behavioral audiometric thresholds may or may not be within normal limits and can fluctuate over time, and speech perception in AN/D patients is often much poorer than the behavioral 
thresholds would predict. There are many possible reasons for poor auditory neural synchrony, including—but not limited to—dysfunction of the cochlear inner hair cells, of the inner hair cell/spiral ganglion nerve synapse, or of the auditory 
nerve itself.

The variety of etiologies of AN/D results in a very heterogeneous population. Starr[90] reported the diagnoses from 70 patients with AN/D as fitting into the following categories: 40% hereditary (often associated with Charcot-Marie-Tooth 
disease); 20% with a mix of etiologies, including toxic-metabolic (i.e., anoxia, hyperbilirubinemia), immunologic, and infectious; and 40% idiopathic. Transient AN/D has also been documented with temperature fluctuation in cases of severe 
illness.[30] [92] In addition, AN/D may coexist with peripheral neuropathy, which has been observed as a loss of myelin and neural fibers in the cross-section of biopsied sural nerves of some AN/D patients.[90] 

Fitting AN/D patients with hearing aids may not provide sufficient benefit for communication, because amplification provides increased sound intensity but does not contribute to improved neural synchrony. After careful evaluation and 
when recommended, electric stimulation with cochlear implants holds promise as a treatment option for individuals who are severely hearing impaired from AN/D,[87] [96] and it has been very successful in our clinical experience. However, 
cochlear implantation may be contraindicated in cases in which neural function is significantly compromised.

Acquired Deafness

In young children, many acquired forms of deafness cannot be easily differentiated from genetic deafness. Prenatal infection with the TORCH organisms (toxoplasmosis, other [syphilis], rubella, cytomegalovirus, and herpes) is commonly 
associated with deafness. This spectrum of infections can result in reduced ganglion cell counts, cognitive dysfunction, and abnormal position of the facial nerve, all of which are issues that limit the effectiveness of cochlear implants or that 
increase the risk of cochlear implant surgery. Prematurity and low birth weight, low Apgar scores, and hyperbilirubinemia can all be associated with deafness and, because of the central auditory processing issues associated with these 
occurrences and diseases, expectations for performance outcome after cochlear implantation should be tempered. Similarly, there can be significant rehabilitation issues and needs for these children with multiple handicaps.

Autoimmune inner ear disease, which was first described by McCabe in 1979, is typically rapidly progressive in nature and is most often associated with the best possible outcome in postlingual patients who receive cochlear implants, 
largely due to the well-preserved primary afferent neuron population and the short duration of deafness. Although it is unusual that
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patients with bilateral Ménière's disease lose enough hearing to require cochlear implantation, these patients typically perform at excellent levels; this is likely a result of the relatively high level of residual hearing.

There are many inherited or acquired diseases that affect the temporal bone that can produce hearing loss significant enough to require cochlear implantation. Examples of these disease processes include otosclerosis, Paget's disease, 



Camurati-Engelmann disease,[23] and meningitis with resultant labyrinthitis ossificans. Aside from the potential difficulty of electrode insertion, the reduction in bone density often leads to unwanted sequelae (e.g., facial nerve stimulation as a 
result of current spread outside of the cochlea). These challenges have an impact on the postoperative programming of the device. A final consideration is related to temporal bone trauma. Although rare, bilateral temporal bone fractures that 
result in deafness can be rehabilitated with cochlear implants. Early implantation should be performed to avoid cochlear fibrosis.

Physical Examination

All adults or children with significant hearing loss should have a complete physical examination that includes features commonly associated with syndromic deafness. Important features include branchial cleft pits, cysts or fistulas, 
preauricular pits, telecanthus, heterochromia, white forelock, pigmentary anomalies, profound myopia, pigmentary retinopathy, goiter, and craniofacial abnormalities. It is also important to keep in mind that each of these genetic disorders 
can have variable expressivity, thereby limiting the specific phenotype.

Chronic Suppurative Otitis Media

Cochlear implantation was initially viewed as contraindicated in young children with chronic suppurative otitis media (CSOM) because of the potential risk of infection.[6] However, selective retrospective studies have shown that the 
prevalence and severity of otitis media does not increase after implantation,[40] [55] thereby leading surgeons to advocate cochlear implantation if the ear is dry at the time of implantation.

At present, there is no general consensus regarding the management of CSOM patients with significant hearing loss requiring cochlear implantation. Some surgeons advocate a two-stage surgical approach; the first surgery involves a radical 
mastoidectomy (if not already performed), eustachian tube obliteration, and mastoid cavity obliteration with oversewing of the ear canal. Cochlear implantation surgery is performed at a later time, usually 2 to 6 months after obliteration.[32] 
The major risk of mastoid obliteration is the formation of cholesteatoma, which must be carefully monitored on a long-term basis. Other authors advocate an individualized management strategy: (1) patients with a dry tympanic membrane 
perforation receive a first-stage myringoplasty followed by implantation in 3 months; (2) patients with cholesteatoma or an unstable mastoid cavity receive a radical mastoidectomy and obliteration followed months later by a second-stage 
cochlear implantation; and (3) patients with a stable cavity receive one-stage surgery with cavity obliteration and electrode implantation.[2] Finally, some practitioners advocate treating radical mastoid cavities with a one-stage surgical 
approach that includes oversewing the external auditory canal and cochlear implantation without obliteration or reduction of the cavity.[20] [35] Luntz and colleagues[56] have described a treatment algorithm with multiple steps aimed at resolving 
the draining ear. Using this strategy, cochlear implantation is performed at the completion of any step if the ear is dry. The existence of multiple protocols for managing cochlear implant candidates with CSOM reflects the problematic nature 
of this disease process. Regardless of the management protocol, all patients currently receive selected antimicrobial prophylaxis immediately before implantation.

Microbial biofilms are a common, if not normal, phenomena in nature; however, in the clinical arena, biofilm formation is associated with increased morbidity and mortality.[14] [66] Biofilms are characterized as having a complex three-
dimensional architecture with a network of adherent cells that are connected by water channels and encapsulated within an extracellular matrix.[3] Biofilms are recalcitrant to antibiotics, antiseptics, and industrial biocides. Possible 
mechanisms include the following: (1) restricted penetration of drugs through the matrix; (2) phenotypic changes resulting from a decreased growth rate or nutrient limitation; and (3) surface-induced expression of resistance genes. Although 
there is extensive literature about bacterial biofilms, little attention has been paid to medically relevant fungal biofilms, despite the facts that yeasts are the third leading cause of catheter-related infections and that they have the second-
highest colonization-to-infection rate and the highest crude mortality rate. Transplantation procedures, immunosuppression, the use of chronic indwelling catheters, and prolonged intensive care unit stays are salient risk factors for fungal 
disease.[10] Biomedical devices including stents, shunts, prostheses (e.g., voice, heart valve, knee), implants (e.g., breast, lens, dentures), endotracheal tubes, pacemakers, and various types of catheters have been shown to support colonization 
and biofilm formation by
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Candida.[74] Antifungal therapy alone has been shown to be insufficient for cure; removal of the biomedical device is required.[75] 

Since the advent of antibiotics in the 1940s, several authors have reported fungal overgrowth after antibacterial therapy.[83] Although bacterial agents usually cause CSOM, fungal infection and overgrowth are surprisingly common. One 
prospective study of CSOM patients reported growth of Candida species in 10% of ears with purulent otorrhea and in 35% of ears treated for purulence with a 3-week topical ciprofloxacin course.[22] Furthermore, another study obtained 
cultures from ears with ventilation tubes and otorrhea before and after a 10-day course of topical ofloxacin ear drops or oral amoxicillin/clavulanate.[28] This study demonstrated a 5% incidence of Candida superinfections in the amoxicillin/
clavulanate group but negligible incidence in the ofloxacin group. These results confirm the findings of an earlier study in which the incidence of Candida was significantly greater for amoxicillin/clavulanate-treated patients as compared 
with a topical ofloxacin treatment group.[29] We have had one case of fungal colonization of a cochlear implant with Canadida albicans.[12] No guidelines have been proposed for dealing with episodes of otitis media during the early 
postoperative period. During this time interval, the physical barrier created by the fibrous sealing of the cochleostomy is in the process of 

 
Figure 158-1 High-resolution temporal bone axial computed tomography scan using a bone window algorithm shows a right ear with an absent internal auditory canal and grossly malformed cochlea. (Published with permission © 2003 P.A. 
Wackym.) 

 

Figure 158-2 Computed tomography scans of skull and temporal bones in two patients with Camurati-Engelmann disease. A, Patient 1. Axial view demonstrating patent internal auditory canal (arrow). This patient has already undergone 
cochlear implantation. Note in this view, and, in the coronal view, thickened bones of the cranium and skull base. B, Patient 1. Coronal view demonstrating patent internal auditory canal (arrow). C, Patient 2. Coronal view. Arrows indicate 



markedly narrowed internal auditory canal. Note thickened bones of the cranium. (Published with permission © 2000 Annals Publishing Company, Ann Otol Rhinol Laryngol 2000;109:161). 

 

Figure 158-3 Wide vestibular aqueduct syndrome. A, High-resolution temporal bone axial computed tomography scan using a bone window algorithm shows a right ear with a grossly widened vestibular aqueduct containing the 
endolymphatic sac (center, left). B, Axial T1-weighted magnetic resonance imaging scan shows that the contents of the wide vestibular aqueduct are isodense with cerebrospinal fluid (arrow). C, Axial T2-weighted magnetic resonance 
imaging scan shows a bright signal that is consistent with cerebrospinal fluid (arrow). (Published with permission © 2003 P.A. Wackym.) 

 

Figure 158-4 High-resolution temporal bone axial computed tomography scan using a bone window algorithm shows a right ear with a malformed cochlea. Basal turn of the cochlea is normal; however, there is an incomplete partition and 
bulbous apical portion of the cochlea. Round window and niche are normal. (Published with permission © 2003 P.A. Wackym.) 

 

Figure 158-5 Labyrinthitis ossificans after meningitis, with complete obliteration of the right cochlea. A, Axial T2-weighted magnetic resonance imaging scan shows complete absence of fluid within the right cochlea (arrow). Compare this 
with the left cochlea, which remains patent. B, High-resolution temporal bone axial computed tomography scan using a bone window algorithm shows a right ear with a completely ossified cochlea (arrow). (Published with permission © 



2003 P.A. Wackym.) 

 

Figure 158-6a Incomplete labyrinthitis ossificans after meningitis, with partial obliteration of the right cochlea. The left cochlea was also partially ossified (not shown). This patient was subsequently implanted with bilateral HiRes 90K 
devices with full electrode insertions. A, High-resolution temporal bone axial computed tomography scan using a bone window algorithm shows a right ear with an incompletely ossified cochlea. However, determination of cochlear patency 
requires a magnetic resonance imaging demonstration of fluid within the scala tympani. B, Axial T1-weighted magnetic resonance imaging scan shows partial fibrosis of the cochlea. 

 

Figure 158-6b C, Axial T2-weighted magnetic resonance imaging scan shows fluid within the right cochlea; however, the basal turn of the cochlea was completely ossified (absence of fluid). (Published with permission © 2003 P.A. 
Wackym.) 



 

Figure 158-7 High-resolution temporal bone axial computed tomography scan using a bone window algorithm shows a right ear with a normally positioned electrode array (MED-EL C40+) within a cochlea affected by otosclerosis. Note the 
reduced density of the otic capsule bone and the lucency surrounding the otic capsule (center, top right). This patient was experiencing facial nerve stimulation with cochlear implant use due to current spread through the otic capsule to the 
facial nerve. (Published with permission © 2003 P.A. Wackym.) 

 

Figure 158-8 High-resolution temporal bone axial computed tomography scan using a bone window algorithm shows a right ear with a cochlear implant electrode array that has broken through the cochlea/modiolar wall to enter the internal 
auditory canal (CII Bionic Ear with HiFocus Ij electrode). The implanting surgeon, at another institution, did not recognize that the child had an incomplete partition at the apex of the cochlea. This malformation can be associated with a thin 
bony wall between the cochlea and the modiolus. This child was performing at a level lower than expected with his cochlear implant and had facial nerve activation with implant use, which led to the computed tomography scan to evaluate 
the electrode position. (Published with permission © 2003 P.A. Wackym.) 

 

Figure 158-9 General appearance of the Nucleus Contour device. Note the receiver-stimulator, removable magnet, loop antenna, separate ground electrode, and electrode array. (Courtesy of the Cochlear Corporation.) 



 

Figure 158-10 Nucleus Contour electrode before and after stylet removal. The electrode array has a more linear configuration before stylet removal (top). The stylet is removed by engaging a right angle hook with the loop formed at the 
distal aspect of the stylet and then pulling the stylet out of the electrode array (bottom, left). Removal of the stylet allows for the return to the precurved configuration of the electrode array, which places the electrode contacts in a 
perimodiolar position (bottom, right). (Courtesy of the Cochlear Corporation.) 

 

Figure 158-11 A, General appearance of the HiRes 90K device. Note the receiver-stimulator, removable magnet, loop antenna, and electrode array. B, Side view of the HiRes 90K device, demonstrating the extremely low profile of the 
device that extends on top of the skull. (Courtesy of the Advanced Bionics Corporation.) 

 

Figure 158-12 Photograph and illustrative drawing (inset) of the HiFocus Ij electrode. Note the precurved shape of the electrode array and the flat contacts that are oriented toward the modiolus. The raised partitions shown in the inset, 
between the electrode contacts, are designed to reduce electrode interactions. (Courtesy of the Advanced Bionics Corporation.) 



 

Figure 158-13 General appearance of the MED-EL C40+ device. The internal device is housed in a ceramic casing that contains the receiver-stimulator, internal magnet, and loop antenna. Note the long, thin, tapered electrode array. 
(Courtesy of the MED-EL Corporation.) 

 

Figure 158-14 Schematic drawing of the compressed and standard electrode arrays available with the MED-EL device. When ossification is encountered during creation of the cochleostomy, use of the insertion test device allows 
determination of whether to open the standard electrode array or the compressed array. As shown, the space over which the 12 pairs of electrode contacts are distributed varies between the two arrays. Scale at bottom is in millimeters. 
(Courtesy of the MED-EL Corporation.) 

 

Figure 158-15 MED-EL C40+GB device for use in ossified cochleas. A, The device has a split electrode array and a ground electrode. B, Insertion in a cadaveric temporal bone shows how the split array can be inserted. C, One of the 
electrode arrays has five pairs of electrode contacts, whereas the other has seven pairs. (Courtesy of the MED-EL Corporation.) 

 

Figure 158-16 Continuous interleaved sampling. This coding strategy is schematized to show the interleaved stimulation pattern of the biphasic pulses, which are presented to the different electrodes in a nonoverlapping sequence. (Courtesy 
of Advanced Bionics Corporation.) 



 

Figure 158-17 Paired pulsatile sampling. As was seen with continuous interleaved sampling, the paired pulsatile sampling strategy interleaves pulses with nearby electrodes; however, pulses are also presented simultaneously (paired) to 
distant electrodes on the array. This pairing paradigm is intended to minimize electrode interaction. (Courtesy of the Advanced Bionics Corporation.) 

 

Figure 158-18 Analog stimulation. Each electrode is stimulated continuously and simultaneously. In this example, electrode 1 carries the lowest frequency information, and electrode 7 carries the highest frequency information. The 
simultaneous analog stimulation implemented by Advanced Bionics Corporation uses a bipolar electrode configuration to reduce electrode interaction. (Courtesy of the Advanced Bionics Corporation.) 

 

Figure 158-19 Spectral peak extraction. An electrodogram is shown for the vowel "oi" in the word "choice" as encoded by this strategy. Time is plotted on the abscissa and electrode number on the ordinate, and the more intense stimuli are 
indicated by darker bars. The relatively low stimulation rate of 250 Hz is apparent. (Courtesy of the Cochlear Corporation.) 



 

Figure 158-20 Advanced combination encoder. An electrodogram for the "oi" sound in the word "choice" (as plotted in Figure 158-19 ) is shown for coding with the advance combination encoder strategy. As compared with spectral peak 
extraction, the stimulation rate is faster, and the number of electrodes stimulated is greater. (Courtesy of the Cochlear Corporation.) 

 

Figure 158-21a Ear-level and body-worn speech processors for the Nucleus 3 System. A, ESPrit behind-the-ear speech processor. Multiple colors are also available, and disposable batteries are used. 

 

Figure 158-21b B, SPrint body-worn speech processor. Note the ear hook, which contains the microphone and the magnet/transmitter coil. (Courtesy of the Cochlear Corporation.) 



 

Figure 158-22a Ear-level and body-worn speech processors for the HiRes 90K system. A, Auria behind-the-ear speech processor. Multiple colors are also available, and disposable batteries are used. B, Auria behind-the-ear speech 
processor, with the rechargeable battery pack. Although this system is well accepted by adult users, it is particularly well received by pediatric implant users, because it is so light on the ear. It can use a rechargeable battery pack that is 
clipped to the collar. 

 

Figure 158-22b C, HiRes 90K body-worn speech processor. Note that there is no ear hook and that the transmitter coil houses the microphone. A large rechargeable battery provides more than a full day's power needs. (Courtesy of the 
Advanced Bionics Corporation.) 

 

Figure 158-23a Ear-level speech processors for the MED-EL C40+ system. A, Angled, behind-the-ear speech processor uses a small speech processor and a battery pack. The battery pack uses disposable batteries. Note the separate 
transmitter coil. 



 

Figure 158-23b B, Straight, behind-the-ear speech processor uses a small speech processor and a battery pack. The battery pack uses disposable batteries. Note the separate transmitter coil. C, Behind-the-ear speech processor and separate 
rechargeable battery pack. Note the separate transmitter coil. This system is particularly well suited to young children, but it is also very attractive to adults who are wishing to receive the MED-EL device. The MED-EL Corporation also 
manufactures a body-worn speech processor. (Courtesy of the MED-EL Corporation.) 
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Chapter 159 - MEDICAL AND SURGICAL CONSIDERATIONS IN COCHLEAR IMPLANTATION

Thomas J. Balkany 
Bruce J. Gantz 

INTRODUCTION

Cochlear implantation has become a standard medical procedure for the rehabilitation of profoundly deaf postlingual adults and prelingually and postlingually deafened children. The decision to put an implant in a patient is a medical and 
surgical one that is based on the doctor-patient relationship. Candidacy issues, device selection, and planning for postoperative habitation are more complex than they are with other otologic surgeries, and they require a dedicated cochlear 
implant team. Decisions about whether to operate and which ear and device to select are made on the basis of input from the cochlear implant team, a detailed medical history and physical examination, and laboratory and imaging studies.

The physical characteristics of receiver stimulators and electrode arrays vary among manufacturers, thus necessitating surgical techniques that are specific to the device to minimize complications.[5] [13] [16] [20] The facial nerve monitor is 



recommended in all cases as an adjunct for preventing overheating or other damage to the facial nerve while working within the facial recess and the middle ear.

Cochlear implant surgery—like technology and candidate evaluation—has evolved over the last two decades. During that time, techniques have been developed to reduce complications, to safely place implants in children who are younger 
than 12 months old, to insert electrodes in ossified and dysplastic cochleas, and to replace failed devices. The implantation procedure includes elements of mastoid and middle ear surgery and, in addition, cochleostomy, electrode insertion, 
and securing of the receiver stimulator.

MEDICAL AND SURGICAL EVALUATION

This evaluation includes all aspects of cochlear implant candidacy, including critical analysis of hearing tests, motivation of the patient and family, and status of language development. It should also focus on the patient's general health, 
especially with regard to his or her ability to undergo general anesthesia. A complete history and physical examination is performed and followed by appropriate laboratory tests. Imaging studies play a particularly important role in this 
evaluation. When necessary, consultation with appropriate specialists is indicated.

During the physical examination, special attention is paid to the ear and the neurologic system. Extensive laboratory evaluations such as thyroid function studies, lipid profiles, and viral screens are expensive and have not been found to be 
helpful unless specifically indicated by the history and physical examination.

Hearing tests with ear-specific auditory information in both aided and unaided conditions must be obtained. It is critically important to be certain that the patient's hearing aids are appropriate for the hearing loss. In young, prelinguistically 
deafened children, it may not be possible to accurately assess hearing during a single session or even a series of sessions within a sound booth. In very young children, a combination of diagnostic audiometric strategies may be necessary, 
including visual response audiometry, auditory brainstem response measures, and steady-state evoked potentials in addition to play audiometry. For this reason, "diagnostic therapy" is used, during which the patient is fit with the appropriate 
hearing aids, placed in a program of auditory-verbal or auditory-oral therapy, and followed for a period of months. During that time, it is typical to see hearing-impaired children make some gains with regard to receptive language function, 
and these may be compared with the expected gains that typically occur with cochlear implants. The use of sign language habilitation has not been demonstrated to be useful for the determination of the candidacy of very young children or 
for the building of a language base.
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Blood can be obtained for genetic testing. There are several genes that have been associated with familial syndromic and nonsyndromic deafness. Identification of a genetic disorder can provide useful information and can reassure the family 
that, in disorders such as connexin 26 defects, hearing loss may be the only genetic abnormality.

High-resolution computed tomography (HRCT) is the gold standard for imaging cochlear implant candidates. HRCT assists with ear selection and the evaluation of inner ear morphology ( Figure 159-1 ), patency of the cochlea ( Figure 159-
2 ), position of the facial nerve, location of large mastoid emissary veins, size of the facial recess, thickness of the parietal bone, and height of the jugular bulb ( Box 159-1 ). Abnormalities in any of these areas do not preclude cochlear 
implantation; however, identifying them preoperatively may be helpful for surgical planning, predicting outcomes, avoiding possible complications, and aiding in the selection of the device for implantation.

Magnetic resonance imaging (MRI) has been used more frequently for preimplantation evaluation in recent years. In cases of questionable cochlear ossification, the T2-weighted MRI may demonstrate the absence or irregularity of the 
endolymph/perilymph signal when fluid is replaced by fibrous tissue, even 

 
Figure 159-1 Cochlear dysplasia, absence of modiolus and bony partition. This coronal high-resolution computed tomography scan of a child with congenital deafness demonstrates a cystic cochlea without bony partition, the absence of a 
partition from the vestibule, and a wide, stubby, horizontal, semicircular canal. A large oval window niche can also be seen in this view. 

 

Figure 159-2 Coronal high-resolution computed tomography scan demonstrating nearly complete cochlear ossification. This scan demonstrates nearly complete ossification of the labyrinth. A small portion of the upper turns may remain 
patent. Note that ossification generally begins in the basal turn and proceeds apically. 



 
 

Box 159-1. COMPUTED TOMOGRAPHY INFORMATION

• Inner ear morphology.
• Cochlear patency.
• Position of fallopian canal.
• Size of facial recess.
• Location of large mastoid emissary veins.
• Height of jugular bulb.
• Thickness of parietal bone.

 
 
Because children who are deafened by meningitis may regain some of the hearing that was initially lost, immediate implantation is not recommended. However, fibrosis and ossification of the cochlea may occur within a few months after 
meningitis, and children may be followed with serial MRIs performed at 2 to 3 month intervals. If the perilymph/endolymph signature is lost, it indicates that fibrosis and eventual ossification may be occurring. In such cases, hearing
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does not return, and early implantation may be indicated.

EAR SELECTION

Selection of the ear to be operated on is somewhat complex and prescriptive for the individual patient. The factors to be considered include the following.

Physical Characteristics

Physical characteristics of the temporal bone that are used for ear selection include the presence of the cochlea and the auditory nerve, the degree of dysplasia, the degree of ossification, prior surgical procedures (e.g., canal-wall-down 
mastoidectomy), facial nerve anomalies, and chronic otitis media.

Residual Hearing Level

At this time, the risk of losing residual hearing during electrode insertion is estimated at 50% to 70%, although recent techniques may reduce the risk to 20%.[21] Thus, if there is significant aided benefit from 

 
Figure 159-3 Ear selection algorithm. Selection of the ear to receive a cochlear implant is not a simple matter and must be prescribed specifically for each individual patient. The three general considerations are imaging, otologic history, and 
residual hearing level. Individual considerations such as lifestyle (driver vs passenger), handedness (regarding ability to place the external device), and the patient's preferences must also be taken into consideration. 



 

Figure 159-4 Cochlear implant incisions. Over the past three decades, a number of incisions have been used for cochlear implantation. The original small c-shaped incision was used for the relatively small, single-channel cochlear implant. 
When multichannel cochlear implants came into wide use in the 1980s, the C-shaped incision was simply enlarged. At that time, most complications had to do with flap breakdown. The large C-shaped incision had to be extended superiorly 
and inferiorly to allow for adequate arterial and venus blood supply. In response to the wound problems, an extended endaural incision was widely used in Europe, and an inferiorly based or U-shaped incision was developed in Australia. 
This gradually evolved into a simple extension of the standard postauricular incision. At the present time, a minimal incision is used in many centers for children and, in some centers, for adults as well. 

 

Figure 159-5 Split bridge. The incus bridge is divided using a 0.5-mm diamond burr between the short process of the incus anteriorly and the horizontal, semicircular canal. In doing this, the posterior incudal ligament is sacrificed. A 
cochlear implant electrode is seen after it has been placed inside the split bridge; this fixes the electrode in place, prevents extrusion, and directs the electrode away from the drill-exposed segment of the Fallopian canal and the tympanic 
membrane (in the event that it should retract). 

 

Figure 159-6 Bony seat and tie-down sutures with mastoid cavity. A custom-designed bony seat is made to recess the implantable receiver stimulator, thereby reducing its profile, providing a degree of protection from trauma, and 
minimizing mobility, which could result in work hardening of the electrode lead. A 2-mm diamond drill bit is used to create connecting suture holes superiorly and inferiorly, and a 2-0 nonabsorbable monofilament suture is used to secure the 
device into its seat. A trough is drilled to connect the seat to the mastoid cavity. 



 

Figure 159-7 Facial recess and cochleostomy. The artist's representation demonstrates the location of the cochleostomy as seen through the facial recess. The overhang of the round window niche has been drilled away using a 2-mm burr, 
and then a 1- or 1.5-mm burr is used to create the cochleostomy inferiorly and a bit anterior to the round window membrane. 

 
 

Box 159-2. CANDIDACY CRITERIA FOR CHILDREN

• Physiologic age of 12 months or older (in most cases).
• Severe to profound bilateral sensorineural hearing loss.
• Benefits from hearing aids less than that expected from cochlear implants.
• Medical clearance to undergo general anesthesia.
• Family support, motivation, and appropriate expectations.
• Rehabilitation/educational support for the development of aural language, speech, and hearing in children.

 
 
Because the cochlea is full-size at birth, there is no anatomic difficulty with electrode insertion in infants. However, deliberate surgical techniques for stimulator fixation and mastoidectomy and accommodation for head growth have been 
necessary for successful implantation. In very young children, it is often necessary to expose small areas of dura for the placement of tie-down sutures or seating of the implant. The skin incision must avoid the exposed facial nerve at the 
stylomastoid foramen. Redundancy of the electrode cable has been sufficient to prevent the extrusion of implants placed in very young children.

In general, children who have received implants at a younger age perform better than children who receive them when they are older. * No specific complications associated with putting implants into very young children have been reported. 
The effects on language development are continuously being evaluated.

Otitis Media

The increased incidence of otitis media in very young children was once considered a relative contraindication to implantation. However, a number of studies have demonstrated that, after the ear infections are controlled medically or with 
ventilation tubes, implantation may proceed. Cochlear implantation is associated with neither increased incidence of otitis media nor complications such as labyrinthitis. † 

Otitis media should be managed aggressively to avoid delay in cochlear implantation. Treatment may require acute and prophylactic antibiotics, insertion of ventilation tubes, and, in some cases, mastoidectomy with obliteration. The latter is 
usually performed as a staged preliminary step toward implantation in patients with chronic otitis media. It has been suggested that ventilation tubes be placed before implantation in children with unremitting otitis media with effusion and 
left in place for spontaneous extrusion.[7] 

The recent association of meningitis and cochlear implantation has altered the thinking of some physicians regarding the management of recurrent otitis media, active otitis media with effusion, and an ear

*References [1] [27] [39] [43] [44] [45] [51] . 
†References [1] [15] [19] [28] [30] [32] [35] . 
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with a perforation. If severe chronic eustachian tube dysfunction is evident, a subtotal petrosectomy and closure of the eustachian tube and ear canal is advocated by some. This procedure should be performed 2 to 3 months before 
implantation of the internal stimulator receiver.

The Ossified Cochlea



Fluid spaces of a cochlea may ossify in a number of conditions, including autoimmune disease and labyrinthitis. However, in most cases that require cochlear implantation, ossification is associated with meningitis. Approximately 3% to 9% 
of pediatric cochlear implant candidates have some degree of cochlear ossification, but, in nearly 90% of these patients, the ossification is limited to the area that is adjacent to the round window membrane.[26] Implantation in children with 
minimal ossification results in hearing equal to that of children with no ossification.[26] Children with advanced degrees of ossification may be treated by short electrode insertion in a tunnel that is drilled 8 mm into the scala tympani, by a 
scala vestibuli insertion, or by the complete drilling out of the cochlea. Techniques for these approaches have been described but are beyond the scope of this chapter. * 

Labyrinthine Dysplasia

Deformities of the cochlea were once considered an absolute contraindication to cochlear implantation. However, at this time, deafness as a result of cochlear dysplasia is routinely managed with cochlear implants. Results vary directly with 
the degree of abnormal development. The majority of cases—including Mondini's dysplasia (incomplete partition), large vestibular aqueduct, and other, less severe forms of dysplasia—are associated with excellent results.[31] [33] 

The common cavity deformity, however, has highly variable results that are generally not as good as those seen in children with normal cochleas.

Aplasia of the cochlea (Michel's deformity) or absence of the auditory nerve are absolute contraindications to implantation in the affected ear.

Absence of the cochlear nerve is suspected in patients with internal auditory canal (IAC) diameters of 1.5 mm or less. When a stenotic bony IAC is found, sagittal high-resolution MRI with heavily T2-weighted images is indicated to identify 
the presence of nerve bundles. The normal cochlear nerve may be seen coursing anteriorly toward the base of the modiolus. When facial nerve function is normal, one of the visible nerve bundles is considered to be the seventh cranial nerve. 
If the child has vestibular responses to calorics, another bundle is to be considered the vestibular nerve; however, this nerve may be combined with the cochlear nerve. Electrical auditory brainstem responses may be performed to document 
the presence of the auditory nerve when there is doubt. In adults and children who are 6 years old and older, simple promontory testing may often be performed in the office with topical anesthesia to obtain the same information.

Cerebrospinal fluid (CSF) gushers should be expected in all cases of labyrinthine dysplasia. When a gusher occurs, implantation may proceed through the clear fluid, or the surgeon may elect to elevate the head of the table by 15 degrees and 
wait until no further fluid emerges. After the electrode is inserted, muscle and fascia are tightly packed into the cochleostomy to prevent further CSF leakage. A lumbar drain should not be used before sealing the cochleostomy, because it 
reduces the CSF pressure head, thereby making it impossible to determine whether the tissue seal is adequate.

Auditory Neuropathy

Auditory neuropathy (AN) or dyssynchrony is associated with hearing loss in which outer hair cells function but inner hair cells and/or the cochlear nerve are dysfunctional. The diagnosis is made when otoacoustic emissions or the cochlear 
microphonics are recordable (thus indicating outer hair cell function to be present) and the auditory brainstem response is absent. AN is suspected when the audiogram shows disproportionately low word recognition scores and the MRI is 
normal. Our experiences with AN implantees—and those of others[41] [47] —have been excellent in both adults and children. Thus, the diagnosis of AN should not preclude consideration of a child for implantation. Unfortunately, many children 
have been delayed in their receipt of cochlear implants after a diagnosis of AN is made. Electrical auditory brainstem response (ABR) testing or promontory stimulation may also be useful for determining candidacy.

Reimplantation

Cochlear implant device failure is rare, occurring in approximately 1% of children who are followed for at least 5 years and even less frequently in adults. The common causes of device failure include loss of the hermetic fluid seal, fractures, 
or deformation of the ceramic or titanium receiver/stimulator cases; failure of the integrated circuit; electrode breakage or short circuiting; and failures of unknown cause. In many cases, the early manifestations of device failure are shocks, 
intermittency of function, and the onset of unusual sounds.

Reimplantation may also be necessary when technology advances to the point that the device in use

*References [2] [3] [8] [10] [18] [48] . 
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is outmoded (e.g., the transition from single-channel to multichannel implants). Studies of repeat electrode insertion depth show results that are generally equal to the original, although cases of both improved and diminished function have 
been reported.[6] [34] 

Complications

Complication rates in children were once presumed to be greater than those of adults. Some factors that led to those assumptions include the increased risk of anesthesia; small skull size; lack of mastoid development; the potential for 
electrode movement or extrusion as a result of skull growth; and the greater probability of otitis media, with its associated complications.

Complications associated with the incision and flap covering the implantable cochlear stimulator are the most commonly encountered.[15] [30] [35] [46] The incidence of flap problems has fallen from 5.44% in 1988 to 2.14% in 1998.[46] 

Drilling the internal cochlear stimulator (ICS) seat and tie-down holes engenders the possibility of damage to the dura or the underlying dural blood vessels. Performing the mastoidectomy and opening the facial recess have the same risks as 
are present in other transmastoid procedures. However, because of the absence of chronic disease in most cases, the risks are somewhat reduced. Nonetheless, when operating on children with congenital deformities, there is a greater risk that 
the facial nerve may follow an aberrant course within the temporal bone.

Cochlear implantation also includes the insertion of a very delicate electrode, and the incidence of damaged or misplaced electrodes has declined from 1.74% to 1.18% during the past decade. The risk of postoperative facial paresis has also 
decreased from 1.74% in 1995 to 0.41%.[46] 

Nonetheless, children are thought to be at increased risk for device failure.[40] This may be due to their higher level of activity and its concomitant potential for physical trauma to the implanted receiver stimulator. Changes in implant design 
and manufacturing during the past decade have also resulted in a decrease in device failure rates.[45] 



Meningitis

The U.S. Food and Drug Administration (FDA), the Centers for Disease Control and Prevention (CDC), the Nottingham Medical Research Center in the UK, and other agencies are currently studying an apparent increase in postimplant 
pneumococcal meningitis in children.

When carefully evaluating 4264 children who received implants before they were 6 years old, scientists at the CDC and the FDA found an incidence of just more than 0.5%.[42] Although this number may seem small, many such cases may be 
preventable in the future. The Advanced Bionics Clarion with Positioner (Advanced Bionics Corporation, Sylmar, Ca) was associated with a higher incidence of meningitis than other implants and is now off the market. In addition, careful 
compliance with CDC recommendations for immunization (pneumococcus and Haemophilus influenzae) along with aggressive antibiotic treatment of otitis media and other bacterial infections will further reduce the incidence.

Hearing-impaired children are at increased risk of meningitis, even without implants. This is evidenced in the study by two findings: 

• 11.5% of the children who obtained implants had meningitis before receiving their cochlear implants; this also places them at high risk for another episode.
• 8.5% of the children who received implants had labyrinthine dysplasia (Mondini's and similar deformities); this too is well-known to be associated with meningitis, either with or without implants.

In a separate report, dysplastic temporal bones from a child with meningitis after implantation were studied postmortem. Surprisingly, the nonimplanted ear was the culprit, with infection extending to the meninges. The implanted ear and the 
device itself were in no way involved in the infection.[49] 

Nonetheless, the American Academy of Otolaryngology-Head and Neck Surgery strongly supports the recommendations of the CDC and FDA. All children should be immunized for pneumococcus and H. influenzae. Otitis media and other 
bacterial infections should be treated aggressively; this is especially true for hearing-impaired children and those with labyrinthine dysplasia and even more so for those with cochlear implants. Otolaryngologists should counsel parents and 
other health care providers in this regard. When performing cochlear implantation, every effort should be made to minimize trauma (avoidance of an overly large cochleostomy and overinsertion of the electrode after resistance is met) and to 
seal the cochleostomy with a circumferential tissue graft around the electrode.

It is interesting to note that the Nottingham Medical Research Center's preliminary findings indicate that cochlear implantation carries no increased risk of meningitis and that there were no cases of
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meningitis reported in the Clarion electrode with positioner recipients, as originally postulated.

Elderly Patients

Some unique changes associated with aging must be considered in patients over the age of 70 years. These include degeneration of all elements of the auditory system, the likelihood of prolonged duration of deafness, diminished central 
auditory function and communication ability, and coexisting medical and psychosocial problems.

Nonetheless, cochlear implantation in the elderly has been highly successful, with results comparable to those of younger adults overall.[12] In our experience, patients up to the age of 87 years have obtained excellent results as evaluated by 
audiometric and quality-of-life measures. Nonetheless, in patients who are more than 80 years old, these outcomes are not as good overall as they are in younger patients. Perioperative attention to medical and surgical details has allowed for 
safe insertion and a minimum of postoperative problems. Patients at this age are generally observed overnight in the hospital after surgery and discharged the following morning.

Elderly patients may have difficulty understanding and recalling the information necessary for proper operation of their external device. Difficulties associated with arthritis and fine motor abilities may lead to problems changing batteries or 
adjusting the controls of the device. Older adults may also progress less rapidly with the use of their device if they live alone and are not exposed to verbal communication on a consistent basis.[50] 

Extensive counseling is required to address all of these issues and limitations. The ability to retain and use the relatively large amount of technical information by elderly patients must be kept in mind during counseling.

Postmeningitic Deafness and the Ossified Cochlea

Deafness caused by meningitis is associated with a reduction in spiral ganglion cells and often with ossification of the fluid spaces of the cochlea. [36] However, if it is possible to place an electrode in these patients, nearly all of them benefit, to 
some degree, from cochlear implantation.

During the early stages of deafness after meningitis, high-resolution computed tomography scans can fail to identify progressive cochlear ossification. During this period, when a fibrous stroma is laid down before dense calcification, MRI is 
more accurate.[17] Using high-resolution T2-weighted images, MRI may demonstrate the absence of a fluid signal in the cochlear scala. In some cases, the horizontal semicircular canal may show ossification earlier than the cochlea.

Meningitic patients generally require higher stimulation levels and more adaptive changes in their programming modes over time as compared with other patients. This population has also been found to be at an increased risk of stimulation 
of the facial nerve (as have otosclerotic patients); however, this may be due to the higher stimulation amplitudes that are necessary, and it is usually controlled by inactivation of the offending electrodes or decreasing maximum stimulation 
levels. This may result in reduced performance of the implant. Nonetheless, patients with postmeningitic deafness and cochlear ossification can receive their implants via a variety of techniques,[10] [26] and they can be electrically stimulated with 
generally good outcomes.[17] Most commonly, ossification is limited to the area that is adjacent to the round window; this may be drilled through to reach the open lumen of the basilar turn. When there is more extensive ossification of the 
scala tympani, the scala vestibuli may be patent and used for insertion. In both of these instances, a standard, full-length electrode is used, and results are similar to those of patients with no ossification. [48] 

When both scala are ossified beyond the ascending turn of the cochlea, a complete drill out procedure or the use of a special electrode may be implemented.[8] [18] [21] MED-EL Corporation (Innsbruck, Australia) manufactures a compressed 
electrode that has all of its contacts within a 10-mm distance for insertion into the inferior segment tunnel of the basal turn. Both Med-EL and Cochlear Corporation produce a split electrode array in which some contacts are placed in the 
inferior segment tunnel and others in the superior segment of the basal turn or in the second turn of the cochlea (see Figure 159-7 ).

Patients with Compromised Healing



Patients with reduced wound-healing capabilities because of underlying medical conditions or who are immunosuppressed by medications are considered to be at increased risk for postoperative infection and device extrusion. Nonetheless, in 
a review of patients with systemic autoimmune disorders after liver and kidney transplantation, after high-dose radiation to the surgical field, and who were taking relatively high-dose immunosuppressive medications, implantation has been 
accomplished without significant complications.[38] 
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INTRODUCTION

Clinical experience has suggested that notions of "success" or "failure" with a cochlear implant are highly nonspecific. That is, a wide spectra of results are observed in several clinical domains. As audition sub serves a number of cognitive 
and psychological operations in both developmental and adult stages, assessment of the impact of a cochlear implant is complex. For example, the sense of hearing is pivotal to the phonological awareness and processing that supports speech 
and language, including the development of visual language reception (reading) and production (writing), as well as a range of communication behaviors.

This chapter examines, from several perspectives, the effects of cochlear implants in children and adults. We have drawn information from reports of clinic-based results and patient-based surveys. We describe basic assessment of 
physiologic response to auditory nerve stimulation, measures of receptive and productive benefit, and surveys of life effects as reflected in measures of quality of life and economic impact. Broader measures of impact may offer insight into 
the cognitive and emotional influence that accompany perceptual experience, as well as an approach to discerning whether unanticipated effects occur and whether expectations are met.

Though we describe the previous results in an attempt to characterize the effects of the implant per se, implant clinicians are increasingly aware that clinical practices related to cochlear implantation are likely to impact observed results as 
well. For example, the most obvious effect of severe to profound sensorineural hearing loss is that there is insufficient phonologic access to encode complex information contained in speech streams. Cochlear implants appear to enable a level 
of phonologic access that can reliably overcome barriers to speech recognition. It has been tempting to assume that restored audition through a cochlear implant would provide sufficient input for a child to achieve a normal trajectory of 
developmental learning or an adult to reacquire the skills of verbal communication. However, the tasks of developmental learning and spoken communication require more than perceptive abilities.

A child or adult with an implant must attempt to process information conveyed by prosthetic device using afferent tracts that may be altered consequent to early deafferentation. Thus the ability to process and assimilate the information 
needed to facilitate complex tasks of communication cannot be assumed. Environment and developmental experience are likely to be very important, if not determinative, of implant benefit. Through a fuller understanding of the elements of 
success and failure with cochlear implants, clinicians can gain insight into criteria for candidate selection, as well as for the services and environments that will optimize use of an implant as a communication tool. With these considerations 
in mind, we address auditory rehabilitation and education as potentially important adjuncts to cochlear implantation.

RESULTS OF IMPLANTATION

Factors Related to the Measurement of Auditory Performance

Auditory performance is measured at pre- and post-implant intervals. Pre-implant assessments are used to determine a patient's candidacy. Post-implant measures serve to chart the progress of the patient, while allowing the clinician to 
monitor patient progress and maintenance of skills. Measurement variables associated with auditory testing should be standardized as much as possible. Clinicians can choose between closed-set tests (e.g., forced choice of one answer from a 
list of four) and open-set tests (auditory alone without
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context) of words or sentences. Not surprisingly, closed-set tests are easier for patients than open-set tests, a fact reflected by test scores. This difference reflects the amount of contextual information available when word and sentence 
material are presented. The method of presentation can also affect speech perception scores. [50] Live presentation will typically produce higher rates of correct responses than will taped presentations.

Trends towards higher rates of open-set speech recognition with newer implant technology and longer implant experience have prompted calls for more stringent assessments of receptive capability. Increasing the difficulty of a speech 
perception test has the effect of limiting the "ceiling effect" that results from testing with simple, everyday phrases. For the purpose of generating more meaningful comparative data, increasing test difficulty tends to normalize distributions 
across populations, thereby enabling more powerful statistical analyses of differences between groups.

Tests of Implant Performance

The Minimum Speech Test Battery (MSTB) was developed for adult cochlear implant users. The MSTB is a set of high-quality, compact disc recordings that provide a standardized set of comprehensive tests of preoperative and 
postoperative speech recognition.[75] To minimize the effects of learning and memorization, the word and sentence tests have different lists for at least six testing trials. The average and range of performance of cochlear implant users are 
critical to defining audiologic performance boundaries for implant candidacy.

The major components of the MSTB are the Hearing in Noise Test (HINT) and the Consonant/Nucleus/Consonant Test (CNC). The HINT[75] provides a measure of speech recognition ability for sentences in quiet and in noise. The 
background noise is filtered to match the long-term average spectrum of the sentences. In the MSTB, the HINT sentence lists are presented at 70 dB in quiet and at +10 dB signal-to-noise ratio (i.e., noise at 60 dB). Smaller signal-to-noise 
ratios (e.g., +5 dB or 0 dB) may also be used to avoid ceiling effects. Whereas normal-hearing listeners can comprehend sentences effectively with signal-to-noise ratios down to -3 dB, implant recipients typically show degraded speech 
recognition when signal-to-noise ratios are lowered beyond +10 dB.

The CNC test consists of lists of monosyllabic words with equal phonemic distribution, with each list having approximately the same phonemic distribution as the English language.[57] Such lists provide material for performance testing that is 
more likely to represent daily experience with speech stimuli. These tests measure percentage of words correctly recognized. Open-set conditions for monosyllabic word recognition are considered the most difficult challenge to the implanted 
listener, and such tests are useful to compare outcomes in adults.[97] Revised CNC lists[85] were developed to eliminate relatively uncommon words and proper nouns. Ten lists of 50 words contain monosyllabic words that are employed with a 
frequency of greater than four per million, as calculated in word-frequency tables. As part of the MSTB protocol, during each preoperative and postoperative evaluation, one CNC and one HINT list should be presented in quiet at 70 dB(A). 
In addition, if the patient performs greater than 30% under quiet conditions, HINT sentences can be presented in noise at +10 dB signal-to-noise ratio.

Implant Performance in Adults

Improved speech perception is the primary goal of cochlear implantation. Whereas initial clinical series judged implant efficacy mostly on environmental sound perception and performance on closed-set tests, greater emphasis is now placed 
on measures of open-set speech comprehension. Speech-perception results from early clinical trials have served to guide the evolution of cochlear implantation. Gantz and others[31] provided early comparative data in their assessment of 
environmental sound and speech perception in a large cohort of nonrandomized single- and multiple-channel implant users. Multiple-channel implants provided significantly higher levels of performance on all measures. Cohen, Waltzman, 



and Fisher[15] performed the first prospective, randomized trial of cochlear implants through the U.S. Veterans' Administration hospital system. The trial provided high-quality clinical data, convincing evidence of open-set speech recognition, 
and the clear superiority of multiple-over single-channel designs. Moreover, the study was the first to report both a low complication rate and high device reliability in postlingually deafened individuals, despite the fact that implantations 
were performed and monitored across multiple centers and with varying levels of prior implant experience.

Cohen and Waltzman,[16] Skinner and others,[103] [104] and Wilson and others[136] assessed effects of changing external processing capabilities. They compared the performance of subjects fitted with processors designed to increase the rate of 
information transfer through higher rates of pulsed stimulation. Each study assessed a different processor, and study design and processing strategy also differed between studies. In each study, however, the use of a more sophisticated speech 
processor led to significantly better performance in open-set speech recognition.
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Clinical observations in patients with current processors indicate that for patients with implant experience beyond 6 months, the mean score on open-set word testing approximates 25% to 40%, with a range of 0% to 100%.[15] [30] [98] [130] Results 
achieved with the most recently developed speech processing strategies reveal mean scores above 75% on words-in-sentence testing, although once again with a wide range of 0% to 100%. Though subjects perform substantially poorer on 
single-word testing, these mean scores continue to improve as speech-processing strategy evolves. [103] After implantation, speech recognition by telephone[14] and music appreciation are often observed. Again, these benefits seem to be best 
achieved through more recently developed processing strategies.

Predictors of Benefit in Adults

Evaluation of the benefit of cochlear implantation in adults has largely focused on measuring gains in speech perception. Assessments of speech recognition in implanted adults offer the opportunity to develop models of benefit prediction. 
As investigators identify the salient predictive factors, a patient's choices regarding candidacy, device and processing strategy, and the degree of postoperative auditory rehabilitation necessary can be better informed. Various statistical 
methods have been used to assess speech comprehension using cochlear implants. The contributions of individual clinical factors to differences in performance (multivariate analysis) has been addressed in several large studies. * The 
following factors have been evaluated: 

• Subject variables: age of onset, age of implantation, deafness duration, etiology, preoperative hearing, survival and location of spiral ganglion cells, patency of the scala tympani, cognitive skills, personality, visual attention, motivation, 
engagement, communication mode, and auditory memory.
• Device variables: processor, implant, electrode geometry, electrode number, duration and pattern of implant use, and the strategy employed by the speech processing unit.

Although the significance of the factors in the list varies across different populations, multiple regression analysis has identified several variables with high predictive value for speech comprehension. Length of implant use accounts for a 
high degree of variance in speech perception measures. When length of use is controlled across implanted population, preoperative hearing (particularly with respect to speech recognition) also accounts for a high degree of variance. 
Duration of deafness, age of implantation, cochlear patency, subject engagement with the therapeutic regimen, and processor type also carry relatively high predictive values for speech understanding.

In addition to the factors in the list, the choice of ear to implant is a highly compelling issue. Several studies have emphasized the utility of implanting the better hearing ear.[98] At Johns Hopkins Hospital, we have advocated the implantation 
of the poorer hearing ear. Although greater data are needed, our studies thus far reveal no significant difference in implant performance based on whether the better or worse hearing ear is implanted. Figure 160-1 shows a regression plot of 
the predicted postoperative word scores for each patient as modeled by the Johns Hopkins (implant poorer ear) and Iowa formulas (better ear).[25] Virtually identical scores are predicted on the basis of each patient's duration of deafness and 
preoperative sentence recognition scores. These data suggest that results obtained through cochlear implantation of the poorer hearing ear are statistically equivalent to results obtained through implantation of the better hearing ear. The 
similarity of results obtained through both methods suggests that implantation may have a beneficial effect on central auditory pathway development regardless of sidedness.

 
Figure 160-1 Regression plot of the predicted postoperative word scores for each patient as modeled by the Johns Hopkins (implant poorer ear) and Iowa formulas (better ear). There are virtually identical scores predicted on the basis of each 
patient's duration of deafness and preoperative sentence recognition scores. These data suggest that results obtained through cochlear implantation of the poorer hearing ear are statistically equivalent to results obtained through implantation 
of the better hearing ear. The similarity of results obtained through both methods suggests that implantation may have a beneficial effect on central auditory pathway development regardless of sidedness. 
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Another variable that influences speech perception is technological sophistication of the implanted device. Improvements in speech perception have been associated with generational improvements in signal processing strategies, speech 
processors, and electrode arrays,[135] but may reflect clinical trends, as well as technological advances.[98] Criteria for cochlear implant candidacy are constantly expanding. Research has shown that patients with greater residual hearing show 



even more promising results.

Identification of monosyllabic words for individuals using early generations of the Nucleus multichannel cochlear implant averaged 16%[31] ; whereas performance averages 53% on similar measures with current technology.[103] Earlier studies 
have contrasted performance across different manufacturers of devices. However, differences in performance appear more closely related to general demographic differences across patient populations, tests used, and length of experience 
with the devices than to differences in characteristics of like-generation devices per se.[38] [46] 

Implant Performance in Children

Pediatric cochlear implantation began with House-3M, single-channel implants in 1980. Investigational trials with multiple-channel cochlear implants began with adolescents (aged 10 through 17 years) in 1985 and with children (aged 2 
through 9 years) in November 1986. Implantation of infants and toddlers younger than 2 years of age began in 1995.[74] Although clinical experience with cochlear implantation is considerably shorter in children than in adults, a large body of 
clinical reports is now available.[12] Investigators have evaluated the hearing and speech receptive benefit of cochlear implants in children since 1985. Several observations have served as key findings in the field of pediatric cochlear 
implantation.

Auditory Performance Assessments for Children

Auditory performance in children is assessed with a battery of audiological tests that can address the wide range of perceptual skills exhibited by children with severe-to-profound sensorineural hearing loss. Although substantial auditory 
gains are apparent in implanted children, the range of quantifiable improvement varies widely between children and depends heavily on the duration of use of the device, as well as preoperative variables. For this reason testing should survey 
a range of levels of speech recognition—including simple awareness of sound, pattern perception (discrimination of time and stress differences of utterance), closed-set (multiple choice) speech recognition, and open-set (auditory only) 
recognition.

Methodological variables must be considered when attempting to objectively rate the effect of cochlear implants on the development of speech perception in deaf children. Obvious difficulties are inherent in objectively rating communication 
competence in very young children. Older children may exhibit advantages by virtue of greater familiarity with a test's context, independent of perceptual skills. It is often difficult to appropriately match children in early developmental 
sequences. Objective assessment also mandates a structured setting that is not always conducive to eliciting a child's best cooperative effort. Investigators must also account for discontinuity in the age-appropriate measures necessary for 
longitudinal assessment. Methodological challenges and developmental considerations inherent in pediatric implant assessment have been examined in detail by Kirk and others[49] who categorized variables as relating to: 

• The child's age and level of language and cognitive development (internal variables).
• The child's ability and willingness to respond as influenced by reinforcement and required memory task (external variables).
• The procedure of voice presentation, the test administered, and the available options from which to choose a response (methodological variables).

Tests of speech perceptions typically used for childhood assessment have been described in detail[49] [50] [78] [123] and typically consist of closed-set tests that assess word identification among a limited set of options with auditory cues only, open-
set tests (scored by percentage of individual words correctly repeated), and structured interviews of parents using criteria-based surveys[82] to assess response to sound in everyday situations and behaviors related to spoken communication.

Early Studies of Speech Reception in Implanted Children

House, Berliner, and Eisenberg[42] found that implanted children obtain substantial improvement in auditory thresholds, closed-set speech recognition, and limited open-set speech recognition with the House-3M single-channel implant. 
Miyamoto and others[69] provided systematic, well-controlled assessments of childhood cohorts and consistently demonstrated performance advantages of multichannel over single-channel implants. Other early studies by Fryauf-Bertschy and 
others,[27] Gantz and others,[29] Miyamoto and others,[68] and Waltzman and others[129] observed that implanted children gain substantial speech perceptive capabilities for 5 years after implantation. Furthermore, the fact that many of the implanted 
children tracked in
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these studies were congenitally or prelingually deaf indicates implantation can provide auditory access during critical developmental stages to form the early correlates of spoken language.

The studies we have cited have shown implant benefit in children with total or near-total hearing loss. An important issue for candidacy of children with lesser degrees of hearing impairment is the study of implant benefit relative to controls 
who have not been implanted. Classification of children according to preoperative hearing levels (both with and without hearing aid amplification) can provide a common ground for comparison. Miyamoto and others[70] described the 
following candidacy scale for stratifying children according to aided pure-tone detection thresholds: "Gold" class hearing-aid users have unaided thresholds of 90 to 100 dB at 2 of 3 frequencies (0.5 kHz / 1 kHz / 2 kHz), with a mean of 94 
dB. "Silver" class hearing aid-users have unaided thresholds of 101 to 110 dB at 2 of 3 frequencies, with a mean of 104 dB. "Bronze" class users have unaided thresholds of >110 dB at 2 of 3 frequencies, with a mean > 110 dB.

Hearing-aid users in the Gold category generally fall into Boothroyd's category of "considerable residual hearing."[3B] In many such cases, hearing-aid users that function at this level demonstrate substantial capabilities for acquiring speech 
and oral language. This particular group of profoundly hearing-impaired children, therefore, sets a standard for speech perception performance and provides a useful cohort for comparison with children who have received cochlear implants. 
Silver category hearing-aid users receive few spectral cues and rely heavily on temporal cues for speech perception. Bronze category users are considered "totally deaf," and receive only low frequency percepts and restricted or no temporal 
cues.

Most hearing-impaired children who have received cochlear implants to date fell in or were eventually moved into the Bronze category. In comparison with children using amplification, implanted children have demonstrated the following: 

• After 2 years of implant experience, mean speech intelligibility scores of implanted children surpass those of Silver category hearing aid users and approach within 10% scores of Gold category users, particularly on more stringent tests 
of speech comprehension.[67] [70] Longitudinal tracking of implanted children shows no evidence of a plateau effect in mean scores of speech comprehension. In conjunction with evidence based on multivariate analysis, this observation 
suggests that length of implant use is the primary determinant of receptive benefit.
• Trends toward continued improvement in speech reception are also associated with improved intelligibility of speech.[80] Although the measured proficiency of speech produced remains low through the first 2 years after implantation, 
intelligibility scores thereafter show dramatic gains and surpass those of Silver category hearing aid users.[79] These observations are consistent with observations of gains in speech intelligibility in other childhood cohorts.[121] [124] 



Recent Studies of Speech Reception in Implanted Children

Between 1994 and 2004, numerous reports documented various levels of gains in speech recognition in young deaf children using multichannel cochlear implants. * Miyamoto and others[68] noted that in 29 children with 1 to 4 years of 
experience with a cochlear implant, roughly one-half achieved open-set speech recognition. Waltzman and others[129] found that 14 children implanted before the age of 3 years attained high levels of speech perception performance with only 2 
years of experience. Fryauf-Bertschy and others[26] examined speech perception in cochlear-implanted children over 4 years and noted significant increases in pattern perception and results of closed-set speech perception tests.

Variability in speech-perception performance across subjects is widely recognized. † age of implantation,[12] [26] [29] [77] [102] mode of communication,[34] [129] family support,[26] and length of deafness.[64] [127] Miyamoto and others[69] found that duration of 
deafness, communication mode, age at onset of deafness, and type of processor accounted for roughly 35% of variance in closed-set testing. The length of implant use alone accounted for a larger percentage of variance on all speech 
perception measures. In a 5-year follow-up study, O'Donoghue and others[77] found that age at implantation was the most significant covariant and that mode of communication was the most significant between-individuals factor. The latter 
study demonstrated that young age at implantation and oral communication mode are the most important known determinants of later speech perception in young children after cochlear implantation.

Waltzman and others and Brackett and Zara[5] reported improved speech reception in children implanted at age 2 to 3 years compared with children implanted at an older age. Multicenter data reported by Osberger, Zimmerman-Phillips, and 
Kock[83] indicate that implantation performance of children implanted

*References [24] [26] [27] [48] [66] [78] [99] [109] [110] [129] [130] . 
†References [17] [26] [27] [48] [64] [66] [70] [77] [80] [109] [110] [129] [130] [138] . 

3655

under the age of 2 years is significantly better than that of children implanted between age 2 and 3 years. However, the authors also identified an important confounding variable that exists in the children who receive a cochlear implant at a 
younger age: they are more likely to utilize an oral mode of communication. This, by itself, may be a predictor of higher implant performance—an observation borne out in early studies of a national childhood cohort assembled by Geers and 
others.[34] 

Osberger, Zimmerman-Phillips, and Koch[83] also found that children with more residual hearing relative to earlier cohorts were undergoing implantation. Gantz and others[28] compiled data from across centers that indicate children with some 
degree of preoperative open-set speech recognition obtain substantially higher levels of speech comprehension. Taken together, these studies suggest the strongest potential for benefit exists with implantation at a young age, when 
intervention is provided early and, in the case of a progressive loss, before auditory input is lost completely.

Cheng, Grant, and Niparko[12] performed a meta-analysis of relevant literature on speech recognition in children with cochlear implants. Of 1916 reports on cochlear implants published since 1966, 44 contained sufficient patient data to 
compare speech recognition results between published (n = 1904 children) and unpublished (n = 261) trials.[12] Meta-analysis was complicated by the diversity of tests required to address the full spectrum of speech reception in implanted 
children. An expanded format of the Speech Perception Categories[32] was designed to integrate results across studies. The main conclusions of this meta-analysis was that earlier implantation is associated with a greater trajectory of gain in 
speech recognition ( Figure 160-2 ) performance, comparing deafness of congenital and acquired etiologies levels out over time, and an absence of reaching a plateau of speech-recognition benefits over time. More than 75% of the children 
with cochlear implants reported in peer-reviewed publications have achieved substantial open-set speech recognition after 3 years of implant use.

Language Development in Children

The studies we have discussed in this chapter have helped to characterize gains in speech recognition. However, the primary goal of implantation in children is to facilitate comprehension and expression through the use of spoken language. 
Language is defined as a vehicle for shaping and relating abstractions for communication. [44] The meaning of language-mediated abstraction is independent of the immediate situation. Practical use of language is based on the assignment of 

 
Figure 160-2 Metaanalysis of speech perception results with cochlear implantation in children, showing effects of age at implantation on speech perception. Both published and unpublished data are shown. Three different ages at 
implantation groups are compared (<4 years, 4 to 5 years, and >6 years). The ordinal scale represents levels of speech perception: 1, detection; 2, pattern; 3, limited closed-set; 4, substantial closed-set; 5, limited open-set; and 6, substantial 
open-set. 

 

Figure 160-3 The cycle of verbal communication. Hearing is crucial to the process of verbal communication and allows for verbal comprehension. Concept formation gives rise to expressive language and speech articulation capabilities, 
which are applied as verbal language in appropriate situations. Successful verbal communication is ultimately dependent on hearing. (Modified from the Reynell Developmental Scales Manual.) 



 

Figure 160-4 Left, Schematic figure showing natural auditory boundaries according to F1 and F2 formant frequencies. These boundaries are thought to provide a framework by which infants process incoming sound streams into gross 
categories. Intrinsic phonetic differences separate boundary regions from one another. Right, the ability to partition auditory input according to these boundaries is independent of linguistic experience, and is present throughout various 
languages. Examples of vowel processing in three different languages (Swedish, English, and Japanese). (Adapted from Kuhl, 1994 and Kirk, 2000.)[47A]  

 

Figure 160-5 The effect of cochlear implantation in children on language development. The solid line depicts normal language development as it correlates to chronological age. The dashed line shows the developmental delay that occurs in 
deafness before implantation. After cochlear implantation, language development progresses at the same rate as children with normal hearing. This suggests that language delay is a product of cumulative deficits acquired before implantation, 
rather than from impaired progress after implantation. (Modified from Svirsky and others.[114] ) 

 
 



 

 
 
 
Life-years is the mean anticipated number of years of implant experience based on a life-expectancy analysis of the participating cohort. The change in health utility reflects the difference between pre- and post-implant scores on survey 
instruments that have been designed and validated to reflect quality of life. In the United States, England, and Canada, health interventions with a cost-utility ratio less than $20,000 (US) are generally considered to represent acceptable value 
for money expended (i.e., they are "cost-effective").[1] [47] [112] 

Studies in Adults and the Elderly

Costs per quality-adjusted life-year (QALY) for the cochlear implant in adult users were determined using cost data that account for the pre-, post-, and operative phases of cochlear implantation.[113] [137] Benefits were determined on the basis of 
functional status and quality of life. The precise cost-utility results varied between studies, mostly because of methodological differences in the determination of benefit, level of benefit obtained, and differences in costs associated with the 
intervention. Nonetheless, these appraisals consistently indicated that the multichannel cochlear implant in adult populations is associated with cost-utility ratios in the range of $14,000 to $18,000/QALY, indicating a highly favorable 
position in terms of cost-effectiveness ( Table 160-1 ).

Hearing impairment is one of the most common clinical conditions affecting elderly people in the United States.[7] Hearing loss is so profound in 10% of the aged hearing-impaired population that little or no benefit is gained with 
conventional amplification.[37] Assessing the effectiveness of cochlear implants in the elderly requires consideration of both audiological and psychosocial factors. The social isolation associated with acquired hearing loss in the elderly[133] is 
accompanied by a significant decline in quality of life and an increase in emotional handicap. [72] The rehabilitation of hearing loss is therefore an important goal in this vulnerable population, providing both functional and psychological 
contributions to quality of life.

Age-related degeneration of the spiral ganglion[73] [84] and progressive central auditory dysfunction [108] [134] raise potential concerns about the efficacy of cochlear prostheses in the elderly. Comparable gains in speech understanding have been 
reported for both elderly and younger groups of implant recipients,[45] but the implications of these functional gains on the quality of life of older adults have not been well characterized. The determination of both auditory efficacy and quality 
of life is critical to any cost-benefit analysis in the elderly and may help guide clinical resource allocation, particularly in light of the high costs associated with cochlear implantation as a non-life-saving intervention.

Reports of quality of life gains in elderly patients with cochlear implants have been favorable,[22] [41] [120] but are based on questionnaires that are difficult to correlate with function and cost-utility. Francis and others[24] evaluated 47 patients with 
multichannel cochlear implants, aged 50 to 80 years, who completed the Ontario Health Utilities Index Mark 3 (HUI 3) survey, as well as a quality-of-life survey. This study
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Figure 160-6 Matrix of educational resource usage by implanted children. A, The Educational Resource Matrix (ERM) plot classroom placement (ordinate) vs rehabilitative (speech-language and interpretive) support (abscissa). B, Patterns 
of change in use of educational resources in a cohort of children within 3 years of implantation. C, Patterns of change in use of educational resources in a cohort of children from 3 to 6 years after implantation. Note the higher levels of 
mainstreaming, as well as reduced use of support services with prolonged use of the cochlear implant. (A, From Koch M and others.[52] B, From Francis H and others.[22A]  



 

TABLE 160-1 -- COST-UTILITY RATIO OF THE COCHLEAR IMPLANT IN ADULTS

Source, Y Instrument Country No. of Patients Health Utility Gain Cost-Utility Ratio, S/QALY

Palmer and others,[17] 1999 HUI United States 37 +0.20 14 670

Wyatt and others,[15] 1996 HUI United States 229 +0.204 15 928

Wyatt and Niparko,[9] 1995 VAS-without† United States 229 +0.304 9000

Summerfield and Marshall,[14] 1995 VAS-without† United Kingdom 105 +0.41 7405

Summerfield and Marshall,[14] 1995 VAS-before‡ United Kingdom 103 +0.23 13,200

Harris and others,[8] 1995 DWB United States 7 +0.072 31,711

Fugain and others,[16] 1998 VAS France 30 +0.22 6848

Overall   511 +0.26 12,787

Metaanalysis of studies of cost-effectiveness of cochlear implantation in adults. The overall cost-utility ratio was calculated to be $12,787 per quality-adjusted life years (QALYs). In the United States, England, and Canada, a threshold of 
$25,000/QALY or lower is considered an acceptable cost-utility ratio for a given health intervention.
 
assessed pre- and post-implantation (6 months and 1 year after implantation) responses to questions related to device use and quality of life. A significant mean gain occurred in health utility of 0.24 (s.d. 0.33) associated with cochlear 
implantation (p < .0001) ( Figure 160-7 ). Improvements in hearing and emotional health attributes were primarily responsible for this increase in health-related quality-of-life measure. A significant increase occurred in speech perception 
scores at 6 months after surgery (p < .0001 for both Central Institute for the Deaf sentence and monosyllabic word tests) and a strong correlation between the 

 
Figure 160-7 Mean monosyllabic word scores obtained in older adult subjects with postlingual hearing impairment just prior to cochlear implant surgery and at 6 and 12 months after-wards (error bar = 1 S.E.). Monosyllabic word scores, 
which are generally considered one of the most difficult tests of speech perception, clearly increase during the first year after cochlear implantation. 

 

Figure 160-8 Retrospective health utility scores from parents of children with cochlear implants. Three different methods of assessing health utility scores are shown. The mean change in utility (postintervention — preintervention scores) 
was 0.27 for the visual analog scale, 0.22 for the time trade-off instrument, and 0.39 for the health utilities index. The error bars on the side of each graph show mean scores with 95% confidence intervals. 
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Chapter 161 - DIAGNOSTIC AND INTERVENTIONAL NEURORADIOLOGY

Richard E. Latchaw 
Patricia Silva 

DIAGNOSTIC NEURORADIOLOGY

Techniques to image the head and neck have been under constant evolution during the past 25 years. Although plain films still have some uses, conventional tomography has been replaced by computed tomography (CT) and magnetic 
resonance imaging (MRI). The advantages and disadvantages of the major imaging techniques are discussed, but the list is not exhaustive. For example, fluoroscopy with the barium swallow gives information regarding pharyngeal and 
esophageal mucosa and motility, and fistulography gives important information after surgery, trauma, and infection. Rather, the discussion seeks to inform the clinician of the rationale for selecting a given imaging study.

The list of indications for CT vs MRI also is not meant to be exhaustive. The list complements the discussion of the advantages and disadvantages by illustrating some of the most common uses today for CT and MRI.

Last, illustrations of various lesions imaged with these techniques have been omitted for the sake of brevity and will be demonstrated throughout these volumes.

Plain Films

Plain films have a limited role today. In the past, paranasal sinus films were obtained as a gross screening examination after facial trauma, but CT shows so much more, including subtle fractures that are easily missed on plain films, that there 
is no reason to waste money on plain films. The only exception is the detection of a foreign body such as a metal fragment, and a lateral soft-tissue film of the neck is the first imaging study obtained after ingestion of a foreign body. 
Inflammatory disease of the paranasal sinuses is evaluated far more completely by CT than by plain films, and most institutions are using limited nonenhanced CT scanning protocols in the coronal position that are close to the price of 
paranasal sinus films. Panorex and dental films are used to evaluate fractures, infections, and tumors involving the mandible, maxilla, and teeth.

CT

CT offers the highest spatial resolution of all current imaging techniques for high-contrast and high-density structures such as bones, calcifications, and metal, and a high-resolution bone algorithm can be used to provide even greater detail. 
Extremely thin slices (e.g., <1 mm) can be obtained, providing resolution of 0.25 mm or less, allowing visualization of fine bony elements such as the components of the middle ear ossicles.

The contrast resolution of soft tissues provided by CT is significantly less than that provided by MRI. Although CT easily differentiates bone, soft tissues, and air-containing spaces and is excellent at detecting even the most subtle soft-tissue 
calcifications, it is not particularly effective at distinguishing contiguous soft-tissue structures because of their similar electron densities. An iodinated contrast agent can be administered to help differentiate certain soft tissues, such as 
vascular structures, and lesions that preferentially enhance, such as tumors and areas of inflammation. A contrast agent should be used to detect the spread of tumor or inflammation from the extracranial to the intracranial spaces. However, 
the density of the skull base is greater than that of enhancing soft tissues, so that subtle enhancement may be obscured by the bony structures. MRI is significantly more effective at such detection than CT because the bone itself, as opposed 
to the marrow, gives no signal. With fat-suppression techniques and contrast enhancement, MRI is superior to CT for the evaluation of such tumor spread.

CT scans generally are acquired in the axial projection, although the coronal projection also may be
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obtained in certain situations, depending on the area to be scanned and the ability of the patient to assume a hyperextended neck position. If direct coronal scanning cannot be obtained, sagittal and coronal reformatted images can be produced 
from a series of thin axially acquired scans, although with a degradation of spatial resolution.

Significant advances in CT technology have occurred in the past decade, first with the development of spiral and helical CT scanners and more recently with the development of multidetector instruments using up to 16 rows of detectors. A 
volume of contiguous slices as thin as 0.625 mm can be obtained within seconds, decreasing motion artifacts and the need for patient sedation[47] and improving multiplanar image reformations, including three-dimensional (3D) 
representations (e.g., to aid in surgical planning for malformations of the face and skull).[68] These improvements have made it possible to obtain superb angiographic images from the aortic arch to the cranial vertex. One or more slices can be 
repetitively scanned in <1 second per image to study dynamic changes during contrast injection (e.g., vascular and parenchymal phases of perfusion) or to evaluate physiologic motion (e.g., phonation, swallowing).

Computed tomographic cisternography is a procedure in which there is intrathecal deposition of a water-soluble myelographic contrast agent (e.g., 5 mL of a 180-mg/mL nonionic agent) followed by thin-section CT scanning of the skull 
base, particularly in the coronal plane. This procedure is almost entirely limited to the localization of a dural tear producing cerebrospinal fluid (CSF) rhinorrhea or otorrhea.

Computed tomographic angiography (CTA) is a technique to visualize vascular structures by use of spiral or helical scanning during the rapid intravenous infusion of a contrast agent. Thresholding techniques are used to separate the high-
contrast blood vessels from the contiguous soft-tissue and bony structures. A variety of postprocessing techniques are now available, ranging from 2D displays such as the maximum intensity projection to 3D techniques that use surface and 
volume rendering algorithms. The spatial resolution of the technique now permits consistent visualization of third- and fourth-order branches and aneurysms as small as 2 mm. Hence, it currently is being used as a screening test for 
atherosclerotic occlusive disease and posttraumatic dissection, and as the initial angiographic technique after subarachnoid hemorrhage to detect an aneurysm and determine its type of treatment.[27] Given its improved spatial resolution, it is 
also becoming recognized as an excellent method for detecting the presence of vascular malformations such as dural arteriovenous fistulas (AVFs).

CT is an effective means of guiding the placement of a needle for biopsy or for pereutaneous treatment of a lesion in the neck or at the skull base. This guidance is improved with the use of rapid spiral and helical scanners and rapid image 
reconstruction techniques (CT fluoroscopy). Rapid scanning decreases the procedure time and motion artifact and improves the efficacy of the needle placement.

MRI

The contrast resolution of MRI is at least 100 times better than CT. Although characterization of soft tissues by CT depends on only one variable—electron density—soft tissue intensities detected with MRI depend on variables in the 
chemistry of the tissues imaged. These variables include: proton density; relaxation times of the tissue protons (longitudinal [T1] and transverse [T2] relaxation times, which are intrinsic to the given tissue); water content; protein content; 
composition of various tissues within an organ such as fat, fibrous tissue, muscle, and so on; and vascularity and flow, including flow-related motion. A variety of pulsing sequences have been devised and more are under evaluation, to help 
define these various tissue characteristics. Therefore, there are many more parameters to manipulate when imaging with MRI than with CT, making it a powerful tool in the evaluation of soft-tissue abnormalities.

The spatial resolution between objects of high density is better with CT than with MRI. In addition, there is essentially no MRI signal from dense cortical bone, making the evaluation of its internal architecture and the detection of cortical 
bone destruction better with CT than with MRI. Hence, the ossicles of the middle ear are better resolved with CT than with MRI.[28] Spatial resolution is not the only important consideration when evaluating small soft-tissue structures. Of 
greater value is contrast resolution (i.e., the ability to distinguish contiguous tissues and fluids of different types, whether intracranial or extracranial). In addition, MRI is excellent at detecting fat-containing marrow within bony structures. 
Hence, infiltrating disorders of the bony skull base can be evaluated with MRI on the basis of the infiltration of the bone marrow rather than on bone destruction. The ability of MRI to differentiate a nerve from fat by use of fat-suppression 
techniques and from CSF makes MRI the procedure of choice to visualize the anatomy of a cranial nerve (CN) above and below the skull base and to define its involvement with a disease process.[25] New high-resolution thin-section MRI 
techniques can exquisitely define the fluid-containing membranous labyrinth and differentiate the CNs from the surrounding CSF within the internal auditory canal.[9] [66] 
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Like CT, a contrast agent may be injected intravenously to further increase contrast differentiation between normal and abnormal tissues. Because MRI is better than CT at detecting subtle differences in contrast intensity between soft tissues 
and fluids, abnormal contrast enhancement is easier to detect with MRI than CT. Enhanced MRI is the procedure of choice at detecting the intracranial extension of an extracranial tumor or inflammatory process, including involvement of the 
meninges, because the lack of MRI signal from bone allows these meninges to be visualized more easily. Fat at the skull base presents a problem, because its intensity is similar on a T1 MRI sequence to that of a contrast-enhancing lesion. 
Hence, a number of algorithms to selectively suppress fat intensity have been devised. Finally, multiple imaging parameters allow differentiation of fluid from soft tissue, which is a particularly important advantage when attempting to 
differentiate the fluid from the tumor in a sinus obstructed by neoplasm.[32] 

A major advantage for MRI over CT is its ability to acquire images in three planes. CT images usually are obtained in the axial plane, with coronal scanning possible under certain conditions. MRI always allows at least three planes, greatly 
facilitating anatomic localization of normal and abnormal tissues and greatly aiding in planning a surgical procedure.

MRI does not use ionizing radiation, which can represent a problem for the lens of the eye if many radiographic procedures, such as CT, are performed on a given patient. Because of the ability to differentiate soft tissues without the use of a 
contrast agent, MRI may be an excellent replacement for CT in a patient with renal disease or an allergy to iodinated contrast agents. MRI is not without its problems. It is an expensive technology (at least twice as expensive as the usual CT 
scan). Claustrophobia may represent a problem for as many as 10% of patients. Motion may degrade an MRI study; that is, swallowing, tongue motion, or labored breathing may ruin MRI of the larynx or oropharynx. MRI is not as robust a 
technology as CT, and patients with cardiac pacemakers, cochlear implants, or ferromagnetic aneurysm clips cannot undergo MRI. Monitoring of a patient is far more difficult in an MRI scanner than in a CT scanner, as is the performance of 
a procedure during general anesthesia.

Magnetic resonance angiography (MRA) is a technique that relies on protons in motion with intravascular flow and on the ability of MRI to detect this flow. Two broad categories of MRA are available: time-of-flight (TOF) and phase 
contrast (PC). The former technique relies on the flow of unsaturated protons into the imaging volume wherein the protons have been saturated with a radiofrequency pulse. The new unsaturated spins have increased signal intensity relative 
to the saturated ones. However, a tight stenosis can be exaggerated, because the amount of signal from these unsaturated protons is low. The signal can be improved by use of a contrast agent injected intravenously. The 2D technique acquires 
images as a stacked series of slices, whereas a entire volume of tissue is imaged with the 3D technique, allowing any slice thickness to be obtained, including thin slices that have higher spatial resolution than with the 2D method.[13] PC MRA 
relies on the changes in phase of flowing protons within a magnetic field. The directionality of flow also can be determined, although the PC technique has lower spatial resolution than does the TOF method, and complex patterns of flow 
make anatomic evaluation of large vascular structures, such as giant cerebral aneurysms, more difficult with PC than TOF MRA.[34] 



MRA is an excellent screening method for extracranial vascular disease and for large intracranial vascular abnormalities such as aneurysms >5 mm.[33] It is not particularly helpful for determining the various arterial and venous components of 
a vascular malformation, nor is it particularly effective in detecting abnormalities of third- and fourth-order intracranial branches. It is a technique that can be used with a high degree of accuracy for screening patients who are seen with 
subjective or objective tinnitus and with the possibility of a dural AVF at the skull base.[60] The slow flow in some of these patients with AVFs may require the use of a paramagnetic contrast agent to facilitate visualization of the slower 
flowing blood. Another form of vascular imaging is magnetic resonance venography (MRV), which is a simple TOF method used to evaluate, in particular, the intracranial dural sinuses. MRV is the technique of choice for evaluating a 
patient with possible dural sinus occlusion.

Although most image-guided procedures of the skull base and neck are performed with CT, MRI guidance has certain advantages, particularly for the placement of a biopsy needle into a subtle lesion that cannot be easily detected even on 
enhanced CT. Such MRI-guided biopsy techniques require the use of an open MRI system (there are a number of low-field strength open MRI systems available) and the use of an MRI-compatible needle, a variety of which have been 
developed recently.

Indications for CT vs MRI for Lesions of the Head and Neck

The following points are generalizations for the use of CT or MRI for lesions involving different portions of the skull base and the face and the various spaces of the neck. An enormous amount of information may be derived from CT and 
MRI, and optimum use of
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these complex modalities depends on a dialog between the radiologist and the referring clinician as to the information sought and the specific questions to be answered. Proper sequencing of examinations is essential to keep costs low. 
Despite these generalizations for the use of CT and MRI, a given lesion may be better studied by the other modality, they may be of equal value, or they may be complementary, depending on the information to be derived. Finally, the use of 
these modalities frequently depends on the daily practicality of their availability at a given time.

CT is indicated in the following situations: 

1.  To detect fractures after trauma
2.  To evaluate conductive hearing loss
3.  To detect bony changes of otosclerosis
4.  To evaluate the extent of paranasal sinus inflammatory disease and to detect abnormalities of the osteomeatal complex
5.  To define the extent of osteomyelitis, including malignant external otitis, skull base infection, and complications of paranasal sinus inflammatory disease
6.  To detect cortical bone destruction from tumor
7.  To detect the presence of salivary gland or ductal calculi
8.  To study areas wherein motion may degrade the quality of an MRI procedure, such as the oropharynx and larynx[67] 
9.  To evaluate motions of structures, such as the vocal cords, and to evaluate spaces that may open during the Valsalva maneuver

MRI is indicated in the following situations: 

1.  To define the etiologies of sensorineural hearing loss and vertigo (including the inner ear, the internal auditory canal, the cerebellopontine angle, and the parenchyma from the brain stem to the cerebral hemispheres)
2.  To evaluate all cranial neuropathies
3.  To evaluate pulsatile tinnitus
4.  To detect meningeal disease of the head and spine from inflammation or tumor
5.  To define the extent of soft-tissue tumor and its interfaces with other soft tissues or fluids
6.  To detect perineural tumor spread and intracranial invasion or infiltration
7.  To distinguish fluid from tumor in an obstructed paranasal sinus
8.  To ensure the best resolution to detect tumor extension when coronal or sagittal imaging is necessary (e.g., evaluation of the nasopharynx in sagittal and coronal projections to determine extent of the tumor)
9.  To evaluate the possibility of recurrent tumor

10.  To evaluate possible cartilage erosion by tumor, especially if nonossified cartilage
11.  To evaluate the larynx, particularly because of the ability to define the submucosal tissue planes)
12.  To evaluate areas wherein artifacts may degrade the CT image, such as the mouth where dental amalgam may be a severe problem
13.  To evaluate the relationships of major blood vessels to a soft tissue tumor
14.  To evaluate the temporomandibular joint

CT and MRI are complementary in the following situations: 

1.  Areas having significant natural tissue contrast such as the infrahyoid neck, because of abundant fat, and the orbit, because of fat, muscle, bone, and air.
2.  Each technique has advantages and disadvantages when evaluating the suprahyoid neck, oropharynx, and nasopharynx, and each technique has a role in these areas. They should be viewed as complementary.
3.  Disease of the lymph nodes.
4.  Anatomic congenital anomalies.

Angiographic Techniques

Traditional (catheter) angiography requires the selective placement of a catheter into the arteries of the head and neck, injection of a contrast agent, and acquisition of information reflecting the penetration of x-rays onto an image intensifier. 



This information is digitized and manipulated with a variety of computer programs, including one that subtracts the background, to obtain digital subtraction angiography (DSA). DSA produces higher spatial resolution than CTA or MRA 
(the spatial resolution of DSA is twice that of CTA and four times that of MRA), although it requires a high level of expertise and is associated with a morbidity rate (the most important complication being stroke) of approximately 0.3% 
when performed by an expert. It is the definitive procedure for evaluating the degree of stenosis for extracranial and intracranial vascular structures and in determining the routes of collateral flow. It also is the definitive technique for 
determining the vascularity of a mass lesion and for evaluating the feeding arteries and draining veins of an arteriovenous malformation (AVM) and an AVF, particularly as a precursor to an embolization procedure.

CTA has improved dramatically with the addition of multidetector arrays to the now almost-universal helical and spiral configurations. With up to 16 rows
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of detectors, almost the entire neck and head can be studied during a 20-second acquisition during the rapid infusion of a contrast agent, with reprocessing techniques that provide slices as small as 0.625 mm and postprocessing methods that 
give 2D and 3D displays for rotational evaluation. CTA has become the method of choice for screening after blunt or penetrating trauma to the neck to detect dissected and lacerated vessels. It can detect cerebral aneurysms as small as 2 mm.
[62] It is becoming an important method for screening the patient with a subjective or objective bruit to demonstrate entities such as an AVF, fibromuscular dysplasia of an ICA, or an aberrant ICA. It can also demonstrate the feeders to a 
vascular tumor, although the dynamic filling of a vascular malformation is not nearly as apparent as with a rapid DSA sequence.

MRA has also greatly improved over the past 5 years. Noncontrast TOF and PC techniques depend on flow to characteristics to be processed into an anatomic depiction of anatomy. This is the reason that a high-grade stenosis with slow flow 
may appear to be tighter than it really is. The addition of a contrast agent removes such a dependence on flow and provides a more exact depiction of anatomy, albeit with the potential for enhancing certain pulsation and motion artifacts. 
Nonenhanced MRA is an excellent tool in the screening of aneurysms of 5 mm or greater in size, [33] and with the addition of contrast enhancement, even smaller aneurysms can be detected with accuracy. Although definitive comparisons 
between the best new CTA and MRA techniques have yet to be done, the markedly improved spatial resolution of CTA suggests that this technique may be slightly better for aneurysm detection than MRA. Because some AVFs are very slow 
in filling, CTA is probably better at their detection than MRA, too. All types of MRA have been disappointing in their reliable detection of a traumatic dissection, and CTA is now the technique of choice for screening.

Radionuclide Studies

The differentiation of recurrent tumor from postoperative inflammatory changes can be exceedingly difficult or impossible with CT or MRI. Better differentiation may be provided with a variety of radionuclides that accumulate in neoplastic 
tissue but to a lesser degree or not at all in inflammatory tissues and fibrosis. Hence, just as with the problem of differentiating recurrent tumor vs radiation necrosis in patients with cerebral neoplasm, radionuclide studies may be used 
effectively to evaluate the postoperative neck.[20] [36] 

Positron emission tomography (PET) is a technique that can detect a number of positron-emitting radionuclides and therefore can be used to study a variety of metabolic processes in an organ or lesion. Although it is an expensive technology 
reserved for a research institution in the past, it is rapidly becoming an important tool in the community. Of great interest to the head and neck surgeon is PET-CT. This is a single-gantry, hybrid system, with the patient passing directly from 
a PET scanner to a CT scanner without moving from the table. This allows accurate registration of a focus of abnormal uptake, such as in a recurrent tumor, directly on the anatomic CT scan. PET-MR systems are being planned, although 
combining these technologies is harder than with CT because of the magnetic flux of the MR system.

Single-photon emission computed tomography (SPECT) systems are available in most large imaging centers, and the price of SPECT studies is less than a PET study and competitive with CT and MRI. Unfortunately, SPECT studies suffer 
from relatively low spatial resolution, so that they are not effective at detecting subtle abnormalities such as small tumor recurrences. Efforts are currently underway to build a SPECT-CT system, similar to the PET-CT, with the hope of 
providing enough spatial resolution to localize recurrent head and neck tumor or stage tumors of the neck, mediastinum, and other areas but at less cost than with PET-CT.

Ultrasound

The use of ultrasound evaluation has been limited to four categories of problems in the head and neck.[1] (1) It is an excellent screening test to evaluate stenosis of large vessels in the neck, particularly the carotid arteries. Improvements in 
spatial resolution and intravascular flow detection (particularly with color Doppler studies) along with its relatively inexpensive and noninvasive nature, make this the technique of choice for initial evaluation of patients with a bruit or 
symptoms of transient ischemic attacks or stroke. It is more difficult to evaluate the vertebral arteries because of the bony restrictions. It is also used to evaluate the aorta and the heart for embolic sources by use of transthoracic and 
transesophageal echo techniques. (2) Ultrasound evaluation is an excellent method for determining whether a pulsatile neck mass originates from a vessel, such as the carotid artery, or whether it is merely adjacent to and displacing nearby 
vessels. (3) Ultrasound evaluation is valuable for evaluating the eye; it is effective for evaluating mass lesions of the globe itself, although it is less effective for detecting retroocular disease.[48] (4) Ultrasound is useful for the evaluation of a 
thyroid mass, especially for deciding whether it is cystic or solid, after radionuclide studies have determined its metabolic activity.
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Sialography and Dacryocystography

Sialography and dacryocystography are only occasionally performed today, primarily to detect a stenosis of a salivary gland duct or the nasolacrimal duct after infection or trauma. Small balloon catheter systems have been recently 
developed to perform angioplasty of these ductal systems.[35] 

INTERVENTIONAL NEURORADIOLOGY

Interventional neuroradiologic techniques have acquired an important role in the management of certain disorders involving the skull base, face, and neck. These techniques include recanalizing procedures of occluded or stenotic vessels and 
occluding procedures mainly for neoplastic, traumatic, or vascular lesions; they may offer curative, palliative, or presurgical therapy.

Rather than being an exhaustive discussion of the management of individual diseases, this presentation serves to acquaint the referring clinician with the use of the tools and the basic principles of endovascular and image-guided 
percutaneous management for lesions of the skull base, face, and neck. This knowledge should not only give clinicians a sense of the sophistication of the interventional techniques, including their capabilities and limitations, postprocedural 
changes, outcomes, and possible complications, but it also should encourage them to seek the assistance of interventionalists when dealing with difficult vascular and neoplastic lesions.



Materials and Techniques

Before performing angiographic or percutaneous therapy, cross-sectional studies such as CT or MRI are thoroughly analyzed to delineate the precise topography and extension of the lesion and its relationship to nearby structures, including 
displacements and alterations of blood vessels. It is essential that the goals of an interventional procedure are well defined by the entire therapeutic team to tailor the procedure to the overall treatment of a patient.

Angiographic Equipment

It is essential in endovascular interventional procedures to define the blood supply of a lesion with the highest possible resolution in all projections. Arteries or their collateral channels act as conduits for embolic material to the lesion. Of 
equal importance is the visualization of the many dangerous collaterals leading to intracranial vessels or to the blood supply of the cranial nerves. Catheterization techniques are so sophisticated today that most arteries (and occasionally 
veins) a few millimeters or larger in size can be catheterized in a superselective fashion, but it is essential that embolization into dangerous collateral channels be avoided. [19] Hence, superb visualization and an excellent knowledge of the 
vascular anatomy is of paramount importance, as is an understanding of the potential clinical symptoms from embolization into a unwanted vascular territory and occlusion of the blood supply to normal tissues.

The anatomic complexity of the neck, skull base, and face makes it essential that sophisticated -arm positioners be used to allow variable projections of the area of interest. The tiny arteries near the skull base frequently overlap, and the 
procedure is long and may be uncomfortable for the patient; hence, biplane visualization is helpful for superselective catheterization of these small tortuous channels. There have been rapid advancements in the quality of DSA, with pixel 
matrices of 512 and, most recently, of 1024[2] in the subtracted mode available at frame rates of 8 per second or greater. Angiography with this type of resolution and speed allows for the rapid delineation of the circulation to and from the 
lesion. The DSA road-mapping technique is extremely helpful for catheterization of a specific artery in the midst of unwanted overlapping arteries. This technique uses a contrast-filled frame as a mask during real-time fluoroscopy so that the 
guidewire and catheter are superimposed on the image of the blood vessels, allowing rapid catheterization while minimizing the amount of contrast media used.

Injection of embolic agents in contrast material with real-time high-resolution subtracted fluoroscopy permits visualization of the progressive occlusion of the vessels feeding the lesion. As embolic occlusion of the feeding arteries nears 
completion, reflux of contrast and embolic agents or flow to collateral circulation should be avoided; monitoring the procedure with high-resolution fluoroscopy helps to avoid these complications while preserving the blood supply to normal 
tissues.

These technical advances have resulted in marked improvement in the speed, efficacy, and safety of endovascular and percutaneous procedures.

Angiographic Catheters

The catheters most commonly used for diagnostic angiography are 4- and 5-French polyethylene catheters, with the shape of the distal tip altered according to the age of the patient and the vessels to be catheterized. Highly supple catheters 
are commonly available and have made selective catheterization much easier and safer than in previous years.

Superselective catheterization of tiny arteries feeding tumors, fistulas, and other lesions facilitates the most effective embolization, frequently beyond sites of anastomoses to dangerous collaterals, and is achieved by the use of microcatheters. 
Wire-directed
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microcatheters of approximately 2 to 3 French have extremely flexible distal portions that are variable in length. They are used with microguidewires of 0.010 to 0.018 inches in diameter. Flow-directed catheters also are used for tortuous 
vessels feeding high-flow lesions.

Although microcatheters have made endovascular procedures more safe and effective, problems still may be encountered. Attempts to catheterize thin, tortuous feeding arteries far distally may induce spasm or cause flow cessation by 
blockage of the artery, thus preventing deposition of embolic material. In such patients, it may be necessary to embolize more proximally after physiologic testing or to use antispasmodic agents. In other instances, when superselective 
catheterization is impossible, occlusion of the parent artery immediately distal to the origin of the supplying branch, followed by proximal embolization, is an effective alternative technique. If the parent artery is to be sacrificed with tumor 
removal, occlusion is performed with a detachable balloon. If the parent artery is to be spared, a flexible catheter with a nondetachable balloon is used, although residual particles should be aspirated from the parent artery before balloon 
deflation to prevent embolization into normal tissues.

Embolic Agents

Several embolic agents are available for the variety of lesions found at the skull base and in the face and neck. The choice of the embolic material in a given patient depends on the goal of the procedure; the selectivity of the accomplished 
catheterization; the angio-architecture and flow dynamics of the lesion; and the relationship of its blood supply to that feeding vital structures such as the brain, cranial nerves, eyes, and skin. These agents include particulate materials, 
metallic coils, liquid agents, and detachable balloons. Each has its own place in the interventionalist's armamentarium.

The two most commonly used particulate materials are Gelfoam (Pharmacia & Upjohn, Kalamazoo, Mi) and polyvinyl alcohol (PVA; PVA Foam, Cook Inc., Bloomington, In; Trufill, Cordis Endovascular Systems, Miami Lakes, Fl; Ivalon, 
Inc., San Diego, Ca; Contour Emboli, Target Therapeutics Inc., Fremont, Ca).[5] [43] Gelfoam breaks down as quickly as 72 hours after embolization; this lack of permanence detracts from its efficacy if surgery is not performed within a few 
days after the procedure. Gelfoam has been used as a preoperative embolization material for neoplasms that are to be operated on within 48 hours and for patients such as those with epistaxis in whom the goal is to slow the bleeding 
sufficiently so that the body's hemostatic mechanisms will stop the hemorrhage. A plug of Gelfoam also can be used within an artery to prevent embolic material from going to more distal normal tissues, which then will be fed by collateral 
blood flow, or to dangerous collaterals, knowing that the plug will break down within a few days. Embolization then is performed proximal to the plug with greater safety. Gelfoam powder is available, but it generally is mixed with PVA. 
Gelfoam powder always should be used with care, because its particles (approximately 50 µm) in solution act as a liquid, easily passing through tiny arteries, which may result in skin necrosis or damage to cranial nerves, or through collateral 
channels communicating with the intracranial circulation.

PVA is more permanent than Gelfoam, but much of the efficacy of the vascular occlusion is a result of a combination of PVA plus intravascular thrombus. The stellate-shaped particles slow the intravascular flow and thrombus forms. 
However, this thrombus may be metabolized before fibrosis occurs, resulting in partial or complete recanalization over weeks to months. It is easy to use, being supplied as relatively uniform particles sized between 150 and 1250 µm. In most 
patients with neoplasms, the smallest size is used because the particles can be easily injected and penetrate into the tumoral vascular bed. Various concentrations of PVA suspensions can be used depending on the flow rate and the vascularity 
of a given lesion. Mixing the PVA with Gelfoam powder tends to make the PVA more slippery, which facilitates its passage through the catheter.[30] However, care should be exercised when this combination is used, because the Gelfoam 



powder acts like a liquid.

Because of the stellate shape of PVA particles, allowing recanalization, various types of particles with spherical shape have been introduced. Their more uniform size and spherical geometry should produce more complete and more 
permanent vascular occlusion.[21] [46] 

Metallic coils are used for occluding vessels that measure a few millimeters to a centimeter or more in diameter. Their size prohibits their moving more distally into the embolized lesion. They are best used for occluding the feeding artery 
after particulate embolization; the particles are embolized deeply into the lesion, with the coil producing the final occlusion of the feeding artery. Coils have been used to occlude bleeding vessels such as in epistaxis or after trauma. They are 
easy to use, and many coils may be deposited rapidly in an emergency situation. The use of coils in the proximal vasculature feeding the nose for the treatment of spontaneous epistaxis is discouraged, because repeat embolization through 
these vessels may be necessary.

Microfibrillary collagen (Avitene, Avicon, Inc., Fort Worth, Tx) is a hemostatic agent that may be mixed
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with contrast material for embolization[37] or mixed with other embolic agents such as PVA and ethanol.[14] A suspension of Avitene alone is closer to a liquid than a suspension of particulate material, and there are potential complications with 
liquid agents, as discussed later.

Liquid tissue adhesives such as iso-butyl-cyanoacrylate (IBCA) or N-butyl-2-cyanoacrylate (NBCA) produce polymerization of rapidly flowing blood within seconds.[5] [7] They have tissue adhesive properties and cause a giant cell 
inflammatory reaction of the vessel wall. They are excellent embolic agents for lesions with rapidly flowing blood, such as an AVM or AVF, particularly of the brain, but these lesions in the face or neck are rare. Use of such embolic agents 
might be considered in these instances, although extreme care should be exercised to prevent complications. Any extracranial embolization procedure with a liquid agent should be approached with trepidation, because occlusion of the end 
arteries to the face, tongue, and CNs may lead to necrosis, and intracranial embolization may occur as the liquid slurry passes through tiny collateral channels. Liquid embolization should be performed only when supers-elective 
catheterization can be made directly into the lesion and when there is no chance of unwanted vascular occlusion. Neoplasms have relatively slow flow, so that there is no need to use such agents, which carry more risk than particulate 
materials.

Various agents may be injected percutaneously under fluoroscopy into neoplasms, venous malformations, and hemangiomas when there is no arterial access to the lesion. Absolute ethanol is extremely toxic to the endothelium and is highly 
effective at producing sclerosis of vascular lesions such as venous malformations. Such an injection is painful, requiring deep sedation or anesthesia. Opacification of the ethanol with a liquid contrast agent produces dilution of the ethanol, 
decreasing its effectiveness. Metrizamide powder (Nycomed, Oslo, Norway) does not dilute the ethanol but provides acceptable opacification. Sotradecol 3% (sodium tetradecyl sulfate) is also an excellent sclerosing agent, is less painful on 
injection than ethanol, and may be opacified, although it seems to be less effective than ethanol for venous malformations.[4] [15] [75] [76] Liquid tissue adhesives such as NBCA may be injected in similar fashion, although they produce a "glue ball" 
that may be cosmetically objectionable. NBCA and absolute ethanol have been injected percutaneously for tumors with inaccessible arterial supplies. [8] 

Detachable balloons are primarily used for fistulas wherein there is a single artery-to-vein connection. Most experience has been with intracranial carotid-cavernous sinus fistulas, but this technique can be used for vertebral artery-vertebral 
venous fistulas (usually posttraumatic) or for any other type of fistula in the face or neck.[6] [12] [22] They also may be used for occlusion of a parent artery leading to an unclippable aneurysm, a dissected carotid or vertebral artery embolizing clot 
into intracranial vessels, or a carotid artery to be sacrificed at tumor surgery. Detachable balloons are made of either silicone or latex, and most have a valve mechanism to keep the balloon inflated.

Provocative Testing to Ensure the Safety of Embolization

There are two important techniques that help ensure the safety of vascular occlusion at the skull base. The first involves the injection of lidocaine, 1%, without preservatives into an arterial feeder that is considered a candidate for 
embolization to predict the potential of permanent cranial nerve palsy from the embolization procedure.[29] This provocative test will anesthetize the CN if there is blood supply leading to it from the vessel catheterized. For example, before 
embolizing a vessel feeding a glomus jugulare tumor, with that vessel potentially feeding the seventh CN (CN VII), 25 mg of lidocaine, 1%, is injected into the feeding artery. If a CN VII palsy develops, the catheter should be repositioned 
more distally, or a different vessel should be selected for embolization. The nerve palsy fades over approximately 30 minutes. Critics of this test suggest that a false-positive test result may occur, because a liquid anesthetic can be injected 
into the capillary bed, whereas particles used for embolization stop short of terminal arterioles so that devascularization is rare. Therefore, it is likely that a negative test result is truly negative and reassuring.

The second provocative test is the temporary balloon occlusion test (BOT) of the internal carotid or vertebral artery, with the addition of blood flow measurement for precise quantification of the potential effects on cerebral blood flow (CBF) 
during temporary or permanent occlusion of the artery during surgery or endovascular therapy. Carotid occlusion might be necessary during the surgical removal of a skull base tumor, for the thrombosis of an unclippable aneurysm, or if 
carotid occlusion has to be performed to close a carotid-cavernous sinus fistula or any other type of traumatic vascular lesion. First, a complete angiographic evaluation of all cerebral vessels is performed to evaluate their contribution to the 
particular lesion and the adequacy of collateral flow through the anterior and posterior communicating arteries. Then, if communicating arteries are present, the traditional BOT is performed, consisting of occlusion of the internal carotid 
artery (ICA) with a nondetachable balloon catheter placed at the level of the future permanent occlusion. After systemic heparinization, the balloon
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is inflated, and the patient is evaluated for 30 minutes. Careful neurologic examinations are performed throughout the occlusion period, with special emphasis on the neurologic functions subserved by the vessel that is being tested. If the 
patient has a neurologic deficit develop, the balloon is immediately deflated. If the patient has no neurologic deficit from the carotid occlusion, it might be assumed that blood flow is adequate for permanent occlusion to occur. Unfortunately, 
such a qualitative test does not provide precise quantification of the blood flow to the hemisphere at risk. Blood flow values >20 to 25 mL/100 g of tissue per minute allow normal neuronal function, with values less than that precipitating 
neuronal dysfunction. It is conceivable that blood flow values slightly >20 to 25 mL/100 g of tissue per minute would leave the patient without symptoms while on the angiogram table, but superimposed intraoperative or postoperative 
hypotension, decreased cardiac output, or decreased oxygenation might precipitate cerebral infarction.

Different methods have been used during temporary occlusion to evaluate the physiologic effects of the BOT to predict the risk of cerebral infarction after definitive occlusion. These methods include electric studies such as evoked potentials 
or electroencephalography,[50] measurements of arterial stump pressures distal to the site of temporary occlusion,[2] induced hypotensive challenges, and transcranial Doppler studies. Also, several CBF imaging methods, including xenon-CT 
( Figure 161-1a and Figure 161-1b ), [77] SPECT, and PET, have been used to evaluate CBF during BOT to determine the potential risk of ischemia after permanent occlusion. [16] [51] Nevertheless, these techniques have turned out to be imperfect 



predictors of the ischemic risk associated with permanent carotid occlusion. Clinical deficits have been reported after permanent occlusion, before which there had been negative BOT and physiologic or CBF studies. Many, if not most, of 
these postocclusion deficits probably are a result of marginal cerebral perfusion requiring days to manifest, clot propagation from the residual stump, or iatrogenic embolization at the time of vascular occlusion. [18] 

ENDOVASCULAR TREATMENT OF NEOPLASMS

Paragangliomas

Paragangliomas, also known as chemodectomas or glomus tumors, are neoplasms related to chemoreceptor tissue. They usually are benign but locally 

 
Figure 161-1a Xenon-enhanced computed tomography (CT) during balloon test occlusion. This 60-year-old patient with squamous cell carcinoma invading the skull base was to undergo skull base resection and probable permanent carotid 
occlusion. A Swan-Ganz catheter was placed in the right internal carotid artery. Temporary blockage of the internal carotid flow for 15 minutes did not produce neurologic deficit. Xenon-enhanced CT for the production of a blood flow map 
(A, left) at the midventricular level (A, right) during balloon deflation reveals symmetric flows to the middle cerebral artery distributions bilaterally. With the balloon inflated, there is a marked reduction in the blood flow to the right middle 
cerebral distribution (B, left) relative to the left middle cerebral distribution. Flows to the right middle cerebral distribution are approximately 22 mL/100 g per minute. This case was early in the authors' experience, and a bypass procedure 
was not performed after permanent carotid occlusion during the skull base tumor resection. 

 

Figure 161-1b (C) Postoperatively, the patient became mildly hypotensive, resulting in infarction in the distribution predicted by the temporary carotid occlusion blood flow test. 

 

Figure 161-2 Multiple chemodectomas. This 38-year-old women was one of multiple members of a family with chemodectomas. There is a small glomus jugulare tumor (straight arrow), a glomus vagale tumor (curved arrow), and 
extension of tumor along the carotid sheath to end in a carotid body tumor (arrowhead). 



 

Figure 161-3 Glomus jugulare/vagale tumor. Cerebral angiography demonstrates multiple enlarged external carotid branches providing most of the blood supply to this tumor (A), although there is parasitization of the vasa vasora of the high 
cervical internal carotid artery (B) by the circumferential tumor. There is complete occlusion of the distal sigmoid sinus (C, arrow) and nonopacification of the jugular bulb and vein. 

 

Figure 161-4 Embolization of a glomus jugulare/vagale tumor. Global external carotid artery injection (A) demonstrates a large homogeneously hypervascular mass lesion both within the confines of the petrous bone, extending anteriorly in 
the region of the carotid canal and extracranially in the high neck, a position typical for a glomus vagale tumor. Selective injection of the ascending pharyngeal artery (B) shows filling of most of the tumor from this source. Embolization of 
this and other branches was performed with polyvinyl alcohol measuring 150 to 300 mm. Common carotid artery injection after embolization (C) shows lack of visualization of the hypervascular lesion but anterior displacement of the high 
cervical internal carotid artery typical for the vagale portion of the tumor. 

 

Figure 161-5 Embolization of glomus vagale tumor. Most of this tumor was below the skull base, typical of a glomus vagale tumor, although a small component extended superiorly in the region of the jugular bulb. Global external carotid 
artery injection (A) demonstrated the homogeneous hypervascular mass. Selective injection was made into one branch of an enlarged ascending pharyngeal artery (B), demonstrating that most of the tumor below the skull base was filled 



from this vessel. Other branches of the ascending pharyngeal artery were primarily responsible for the intracranial component. All these tributaries were embolized with polyvinyl alcohol measuring 150 to 300 mm. A postembolization global 
left external carotid injection (C) failed to demonstrate the hypervascular mass. 

 

Figure 161-6 Embolization of carotid body tumor. This 8-year-old child had magnetic resonance imaging evidence of a carotid body tumor. No other family members were known to have a chemodectoma. Common carotid artery injection 
(A) demonstrated the classic splitting of the internal and external carotid trunks because of the hypervascular mass between them. There were multiple twigs from both the internal and external carotid arteries supplying this tumor. No other 
chemodectomas at or above the skull base were demonstrated (B). Selective catheterization of the artery to the carotid body (C) during online digital fluoroscopy demonstrated a large blood supply to the tumor from this vessel, which was 
subsequently embolized with polyvinyl alcohol measuring 150 to 300 mm. Two other smaller branches of the external carotid artery were also embolized. After embolization, a common carotid artery injection (D) during digital subtraction 
fluoroscopy failed to demonstrate the hypervascular mass. 



 

Figure 161-7 Embolization of angiofibroma of the nasopharynx. This 15-year-old boy was seen with nasal bleeding. Common carotid artery injection (A) demonstrated the classic appearance of an angiofibroma of the nasopharynx, fed 
primarily by the internal maxillary artery (IMAX, arrow), with a dramatic degree of vascularity of the tumor (B). Catheterization of the IMAX was performed beyond the middle meningeal and accessory meningeal arteries, for embolization 
of polyvinyl alcohol, initially by use of 150 µm for the tiniest peripheral tumor branches, followed by 300 to 500 µm for the larger feeders. This resulted in a dramatic decrease in vascularity of the tumor on follow-up angiography (C). 

 

Figure 161-8 Embolization for epistaxis. A 69-year-old women was seen with recurrent epistaxis requiring nasal packing. Selective left external carotid artery injection (A) demonstrated a hypervascular area in the region of the superior 
aspect of the left side of the nose (B, arrow). Embolization of polyvinyl alcohol particles, 150 µm, was performed under the control of DSA roadmapping. The postembolization study (C, orientation opposite to that of A and B) showed 
occlusion of the distal IMAX and no site of bleeding. 



 

Figure 161-9 Iatrogenic facial arteriovenous fistula with embolization. Surgery had been performed on the left maxillary antrum for chronic sinus disease. One month postoperatively, a large pulsatile mass was noted below the left 
temporomandibular joint. Selective left internal maxillary artery injection demonstrated an arteriovenous fistula with a large venous varix (A and B). A detachable balloon was placed at the site of the fistula (C, arrow denoting metallic 
marker on balloon) to produce complete occlusion of the fistula. 

 



Figure 161-10 Facial arteriovenous malformation (AVM) embolized with intraarterial alcohol. This 38-year-old woman had a long history of a bilateral facial AVM, which had undergone multiple embolization procedures in the past. The 
left external carotid (ECA) study (A) demonstrated an enormous AVM involving the soft tissues of the mandibular region. Two balloons were placed for flow control, one in the ECA and one in the left facial artery. The latter was a balloon 
surrounding a catheter with a lumen, through which 100% alcohol was injected. The balloon in the facial artery kept the alcohol in contact with the AVM endothelium, whereas the proximal balloon prevented reflux into other ECA branches 
and into the ICA. The postembolization study (B) demonstrated a marked reduction in visible AVM. Three more procedures were performed on the left and three on the right over the subsequent 9 months, markedly reducing the facial 
deformity. 

 

Figure 161-11 Pseudoaneurysm of an aberrant right internal carotid artery after biopsy with balloon occlusion. This 6-year-old child had a reddish mass behind the tympanic membrane. This was biopsied by an otolaryngologist, producing 
rapid blood loss through the myringotomy. The ear was packed, and the patient was sent for evaluation. Right common carotid angiography (A) demonstrated the arcuate appearance of the petrous portion of the right internal carotid artery 
characteristic of an aberrant internal carotid artery extending into the middle ear cavity, with a pseudoaneurysm extending laterally representing the site of biopsy. A releasable balloon was placed above the aneurysm in the horizontal portion 
of the petrous segment (B, arrow marks distal margin of balloon). A second balloon was placed in the high cervical carotid artery for trapping of the aneurysm. Excellent cross-flow from left to right through the anterior communicating artery 
prevented neurologic sequelae after the carotid occlusion. 
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Chapter 162 - TEMPORAL BONE NEOPLASMS AND LATERAL CRANIAL BASE SURGERY

Michael Marsh 
Herman Jenkins 

INTRODUCTION

Lateral approaches to the skull base compose numerous manipulations of intervening structures to gain access to the varied regions of the skull in and around the posterior and middle cranial fossae. Advancements in preoperative assessment, 
surgical techniques, and perioperative care have permitted removal of tumors previously viewed as unresectable. Concomitantly, the morbidity and mortality rates associated with these procedures have decreased significantly. A cohesive 
skull-base team affords the patient the best possible preoperative assessment, planning, and surgical execution. The team requires the expertise of an otolaryngologist or neurotologist, working with the neurosurgeon, neuroradiologist, 
interventional arteriographer, and anesthesiologist. The reconstructive surgeon may play a major role, especially if free flaps are required. This chapter reviews pertinent anatomy, various approaches to the lateral skull base, and selected 
pathologic entities.

Benign and malignant lesions ( Box 162-1 ) involving the middle ear and temporal bone occur in one of the most inaccessible areas of the body. Although a variety of histologic types of tumor are found in these areas, each is uncommon, and 
clinical experience in their diagnosis and management is not easily acquired. Surgical approaches to the skull base are difficult, and the risks of neurologic deficit are significant. The major arteries and veins supplying the brain, intracranial 
structures, and all the cranial nerves (CNs) either exit through or are contiguous with the temporal bone. Contemporary surgical technique strongly stresses the minimization of cosmetic or neurologic loss in the management of benign and 
malignant lesions of the temporal bone. Through the years, collaborative approaches to the temporal bone have been developed for management of benign lesions and are being expanded to encompass malignant lesions as well. Nevertheless, 
considerable knowledge of temporal bone anatomy and temporal bone-drilling laboratory experience are essential in adapting these approaches for each patient. Many histologic types are rarely encountered, accounting for isolated case 
reports in the literature. Dividing tumors into benign and malignant categories, combined with knowledge of the particular tumor biology and meticulous preoperative planning, greatly facilitates selection of the appropriate surgical approach 
and successful outcome.

ANATOMY

An overview of temporal bone anatomy may be found in Chapter 122 . Lateral approaches to the skull base result in anatomic structures being approached from a vantage point different from those presented in classic anatomic text in terms 
of vector of orientation and particular anatomic detail important during surgical dissection. A thorough knowledge of the anatomy in this area is of absolute necessity for successful extirpation of base of skull lesions.

Infratemporal Fossa

Lateral approaches to the skull base frequently involve the infratemporal fossa. Grant[70] described the limits of the infratemporal fossa. Superiorly, it is bounded by the greater wing of the sphenoid and the temporal fossa containing the 
temporalis muscle. The medial limit is the lateral pterygoid plate, and the lateral limit is the mandibular ramus and condyle. The posterior wall of the maxillary sinus marks the anterior limit, and posteriorly and inferiorly, the infratemporal 



fossa opens into the parapharyngeal space. Although fascial bands and ligaments divide this area into subcompartments, a definition as to what comprises junction of the infratemporal fossa and the parapharyngeal space is not clear in the 
literature.[57] [164] [201] Major structures to be encountered and managed by the surgeon exist throughout the area.
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Box 162-1. TEMPORAL BONE NEOPLASMS

 
Primary Benign Tumors 

Paraganglioma 
 
Neurofibroma/schwannoma 
 
Meningioma 
 
Adenomas 
 
Ceruminous adenoma 
 
Eccrine cylindroma 
 
Pleomorphic adenoma 
 
Mesenchymal 
 
Chondroma 
 
Chondroblestoma 
 
Chondromyxoid fibroma 
 
Hemangiomas 
 
Lipoma 
 
Myxoma 
 
Fibroosseous tumors 
 
Ossifying fibroma 
 
Fibrous dysplasia 
 
Giant cell granuloma 
 
Aneurysmal bone cysts 
 
Osteoblastoma 
 
Osteoma/exostosis 
 
Unicameral bone cyst 
 
Teratoma 
 
Dysontogenic tissue 
 
Choristoma 
 



Glioma 
 

 
Metastatic Tumors 

Prostate 
 
Breast 
 
Gastrointestinal 
 
Renal cell 
 
Lung 
 
Multiple myeloma 
 
Lymphoma 
 
Leukemia (chloroma) 
 

 
Primary Malignant Tumors 

Epidermal carcinomas 
 
Squamous cell 
 
Verrucous carcinoma 
 
Basal cell carcinoma 
 
Melanoma 
 
Adenocarcinomas 
 
Ceruminous adenocarcinoma (low grade and high grade) 
 
Adenoid cystic 
 
Mucoepidermoid 
 
Sebaceous cell 
 
Papillary cystadenocarcinoma 
 
Mesenchymal 
 
Rhabdomyosarcoma 
 
Fibrosarcoma 
 
Chondrosarcoma 
 
Osteosarcoma 
 
Liposarcoma 
 
Dermatofibrosarcoma protuberans 
 
Fibrohistiocytoma 
 
Angiosarcoma 



 
Osteoclastoma 
 
Chordoma 
 
Plasmacytoma 
 

 
Contiguous Tumor Invasion 

Neuronal structures 
 
Meningioma 
 
Gliomas 
 
Neurofribroma/schwannoma 
 
Choroid plexus papilloma 
 
Parotid gland neoplasma 
 
Pituitary tumors 
 
Craniopharyngioma 
 
Chordoma 
 
Scalp tumors 
 
Nasopharyngeal carcinoma 
 

 
 
The facial nerve exits the stylomastoid foramen to enter the parotid gland and then emerges from the gland distally encased in the superficial muscular aponeurotic system fascia.[190] The glenoid fossa and its contents limit exposure of the roof 
of the infratemporal fossa in lateral surgical approaches. Dissection through the glenoid fossa allows exposure of the vertical intrapetrous internal carotid artery (ICA). The lateral pterygoid muscle, originating from the lateral pterygoid 
process and the greater wing of the sphenoid, inserts on the temporomandibular joint capsule and neck of the condyle. The medial pterygoid muscle originates from the medial surface of the lateral pterygoid process and posterior maxillary 
wall to insert onto the angle of the mandible. The internal maxillary artery enters the infratemporal fossa between the condylar neck and sphenomandibular ligament, giving off multiple branches.

Anterior to the spine of the sphenoid, the middle meningeal artery enters the foramen spinosum, and the mandibular division of the trigeminal nerve (V3) passes through the foramen ovale more anteriorly. Medial to these two foramina lays 
the eustachian tube, flanked by the tensor and levator veli palatini muscles, coursing medially to enter the nasopharynx. The horizontal portion of the petrous ICA is medial to the eustachian tube covered by a thin layer of bone.

Venous Structures

As low-pressure, valveless channels, the venous system in the skull base is pivotal in lateral approaches.
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The torcular herophili is the confluence of the transverse sinus (lateral sinus), superior longitudinal sinus, straight sinus, and occipital sinus. Bisaria[16] found that this confluence of sinuses was missing in 24.5% of 110 cadaver dissections. 
Ligation of the transverse sinus may lead to massive cerebral edema if there is no torcular herophili.[101] The vein of Labbé, or inferior anastomotic vein, communicates the superficial middle cerebral vein with the transverse sinus, draining the 
superficial posterior temporal and inferior parietal lobes. It occurs on the right 66% of the time and on the left 77% of the time.[169] When present, it empties into the transverse sinus just proximal to the sigmoid sinus. Interruption of the vein of 
Labbé may lead to temporal lobe edema and venous stasis infarction, unless there is good collateral drainage.[101] [169] The superior petrosal sinus runs along the posterosuperior edge of the petrous bone from the cavernous sinus to the junction of 
transverse and sigmoid sinuses, receiving tributaries from the tympanic cavity and from the cerebellar and inferior cerebral veins.[173] The mastoid emissary vein communicates between the sigmoid sinus and either the occipital or posterior 
auricular veins. The jugular bulb, averaging 15 mm in width, usually is separated from the tympanic cavity by bone but has been reported to be dehiscent in 6% of temporal bones.[66] The inferior petrosal sinus courses between the jugular bulb 
and cavernous sinus in the petrooccipital fissure, receiving tributaries from the internal auditory canal, pons, medulla, and inferior cerebellum.[173] The inferior petrosal sinus, occasionally the vein of the cochlear aqueduct, and the occipital 
sinus drain into the jugular bulb. CNs IX, X, and XI pass through the anterior medial portion of the jugular foramen and may be compressed when obtaining hemostasis of the inferior petrosal sinus.[109] 

ICA

The ICA ascends deep to the digastric and styloid muscles to enter the carotid siphon medial to the styloid process. The intrapetrous ICA is divided into the vertical and horizontal segments. In the vertical segment near the genu, the ICA is 
just deep to the eustachian tube orifice, posteromedial to the glenoid fossa, and inferomedial to the tensor tympani muscle and semicanal. The osseous eustachian tube orifice is separated from the ICA by, on average, 1.5 mm of bone and 



may have dehiscences.[116] [171] The midportion of the vertical ICA is anteromedial to the basal turn of the cochlea. The distance to the cochlea averages approximately 1.34 mm.[139] The average length of the vertical segment is approximately 10 
mm (range, 5–15 mm).[116] [154] The horizontal segment travels obliquely in a lateral-to-medial direction from the genu to the intracranial entry of the ICA at the superior aspect of the foramen lacerum. Its average length is 20 mm (range, 14.5–
26 mm).[116] [154] 

Lymphatics

Knowledge of lymphatic drainage is helpful in surgical and postoperative radiotherapy planning for malignant lesions. The concha, cartilaginous canal, and tragus drain into the preauricular and parotid gland lymph nodes. The external 
auditory canal (EAC) lymphatics drain into the preauricular and parotid gland nodes, deep jugular nodes, and postauricular nodes. The mucosa of the middle ear and mastoid drain into channels surrounding the eustachian tube, which then 
drains into the deep superior jugular and retropharyngeal nodes.[157] 

EVALUATION OF SKULL BASE LESIONS

Accurate diagnosis and evaluation of tumor extent of the middle ear space and temporal bone require appropriate physical examination and audiologic, vestibular, and radiologic assessment. Tumors of the middle ear space frequently can be 
seen on physical examination. The combination of the frequency of certain lesions and their classic presentations often suggest the tumor type. Tumors of the lateral skull base often present with CN deficits, including hearing loss, pulsatile 
tinnitus, and eustachian tube dysfunction. A thorough history and physical examination with special attention to the CNs should be undertaken (see Chapter 126 ). Audiometry is useful in surgical planning, particularly when removal of the 
labyrinth is needed. Radiographic evaluation provides information regarding location, extensions, surrounding structural relationships, and probable histologic findings. * 

Computed Tomography and Magnetic Resonance Imaging

Preoperative computed tomography (CT) and magnetic resonance imaging (MRI) are indispensable to modern skull base surgery (see Chapter 161 ). Hirsch and Curtin[80] noted MRI and CT are "complementary and not competitive in the 
initial evaluation of skull base lesions." Modern CT affords exquisite bony detail and fairly good soft-tissue information. CT's strength is delineating the effect of the tumor on the bone of the skull base. Soft-tissue-to-soft-tissue 
discrimination is still limited because of the narrow range of electron densities in soft tissues of interest. More soft-tissue discrimination is available with CT if iodinated contrast material is administered intravenously. The advent of MRI and 
its superb soft-tissue sensitivity has

*References [23] [32] [52] [58] [71] [72] [125] [129] [193] . 

3701

resulted in fewer indications for iodinated contrast material in CT. Although MRI is able to evaluate alterations in bony structure, it does so only indirectly, because cortical bone has few mobile water protons and, hence, nearly no intrinsic 
signal. For this reason, MRI is inferior to CT in the evaluation of subtle bony changes. Such subtle changes are important findings in temporal bone masses. The fine soft-tissue discrimination of MRI is improved by the intravenous infusion 
of the MRI contrast medium, gadolinium. Another advantage of MRI is its ability to display numerous imaging planes without repositioning the patient, which makes it easier to acquire coronal, sagittal, and even off-axis oblique images. For 
these reasons, MRI is superior to CT in defining brain or meningeal effects from temporal bone lesions. Because of potentially dangerous magnetic effects, MRI cannot be used in patients with certain cardiac pacemakers or valves, 
ferromagnetic cerebral aneurysm clips, some vena cava filters, and ferromagnetic intraocular foreign bodies.

The usual evaluation of a potential temporal bone mass begins with a noncontrast temporal bone CT. This approach will immediately show large lesions and usually suggests that presence of smaller lesions. Even though results of temporal 
bone CT may be negative, MRI might follow if there are strong enough clinical findings to suggest a mass. Like CT, MRI is focused to the region of interest instead of just providing thick slices of the entire head. Temporal bone MRI almost 
always is performed without and with gadolinium. Many practitioners will bypass CT if they believe the disease is retrocochlear. CT then can be added after the MRI if precise bone detail is required.

Both CT and MRI are computerized imaging techniques. For this reason, either can be reformatted in any desired digital display. A popular type of reformatted display is a three-dimensional (3D) image. Three dimensional displays may 
assist the surgeon by making it easier to understand the extent of the lesion, but they almost never provide diagnostic information that was not available on the standard axial or coronal slices. Moreover, 3D displays are heavily post-
processed. Significant image information can be lost in such processing. At present, 3D images are used almost exclusively as supplemental displays as dictated by the preference of the practitioner.

Preoperative Carotid Artery Assessment

In extirpation of skull base tumors, appropriate management of the ICA remains paramount ( Figure 162-1 ). The morbidity for carotid artery occlusion is well known. The first documented carotid ligation, for a sword injury in 1585 by Paré, 
resulted in stroke.[203] Literature review reveals unselected abrupt ICA sacrifice resulted in 26% (65 of 254) cerebral infarctions, with a 46% (30 of 65) fatality rate.[120] Gradual occlusion, as with a Silverstone clamp, does not seem to alter 
morbidity. Berenstein and others [14] noted that a significant reduction of blood flow or pressure does not occur until a cross-sectional area of <2 mm is reached, regardless of the diameter of the vessel. Late-onset complications from cervical 
ICA ligation may result after several hours as a result of stasis with distal thrombosis and embolic phenomena.

Four-Vessel Arteriography

All patients considered for extensive lateral skull base surgery should undergo a four-vessel carotid angiogram with venous phase (see Chapter 161 ). Angiography is only qualitative but may provide critical information ( Figure 162-2 ).

Fisch and others believed angiographic evidence of ICA contour irregularity or stenosis at the level of lesion should prompt consideration of elective preoperative ipsilateral carotid balloon occlusion.[214] Intraoperative carotid occlusion is 
associated with higher permanent neurologic sequelae.

The venous phase provides critical information regarding collateral venous drainage should ligation of the transverse sinus or the vein of Labbé be required.

Cerebral Blood Flow

Some understanding of cerebral blood flow (CBF) is essential to carotid management. Normal CBF approximates 50 mL/100 g per minute.[111] In alter humans, CBF <20 mL/100 g per minute produces failure of brain function, resulting in, at 
least, temporary hemiparesis or hemiplegia.[138] At this point, the electroencephalograph (EEG) usually reveals changes reflecting synaptic transmission failure.[111] [191] As CBF decreases below 15 mL/100 g per minute, electrical activity is lost.[111] 



[138] Metabolic failure occurs below 10 mL/100 g per minute with irreversible membrane failure and neuronal death.[7] Jones and others[98] found that long-lasting ischemia in monkeys produced by local CBF <17 to 18 mL/100 g per minute 
resulted in infarction. The time course of irreversible neuronal damage at various CBF levels in humans is unknown.

Functional assessment of CBF is required if: 

1.  En bloc resection of a malignant tumor necessitates ICA resection.
2.  Tumor encasement of the ICA is seen on MRI or CT.
3.  Angiographic contour irregularity or stenosis is seen at the level of the tumor.
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Figure 162-1 Algorithm for preoperative internal carotid artery/cerebral blood flow evaluation. 

 

Figure 162-2 A 61-year-old woman with two right-sided paragangliomas. A, Axial computed tomography after intravenous contrast. Dense pathologically contrast-enhancing mass (m) with tortuous dilated vessels. This lesion has ascended 
from the glomus jugulare up into the cerebellopontine angle cistern. It covers the internal auditory canal. B, Innominate artery angiogram, lateral subtraction view centered at the craniocervical junction. The wildly hypervascular nature of the 
paraganglioma is demonstrated. The tumor has parasitized the vertebral artery (va) and is ascending the deep cervical arteries (adc). These vessels have dilated and become tortuous because of the increased flow demanded from them. 
Besides the large glomus jugulare paraganglioma (m), the patient has a small carotid body paraganglioma (cb). 
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entirely dependent on systemic blood pressure.[207] Intraoperative or postoperative blood pressure fluctuations after ICA occlusion commonly may send these patients over the precipice. It is estimated that 90% of group 3 patients will have a 
major stroke after permanent ICA occlusion.[89] 

Carotid Management Algorithms

A decision regarding the ICA is best made preoperatively. Intraoperative carotid occlusion usually is performed to control massive bleeding under suboptimum circumstances, resulting in a higher neurologic complication rate. Intraoperative 
balloon occlusion or intraarterial shunts may be required if the ICA is lacerated and control is difficult.[3] [48] [195] 

After preoperative functional ICA evaluation, either qualitative or quantitative, the considerations for ICA management are dependent on: 

1.  Results of the functional ICA evaluation
2.  Young age
3.  Contralateral skull base tumor or vascular disease

There are some reasons to consider vein graft reconstruction instead of ICA sacrifice regardless of the balloon test occlusion result, especially in young patients and if potential exists for contralateral involvement and to restore physiologic 
circulation and reduce risk of late intracranial aneurysms.[33] [42] [174] The philosophy of preservation of the ICA when encased by benign tumor and when it is possible, or revascularization when preservation is not possible, is valid.[128] 

With that being said, there are further differences of opinion as to algorithms for ICA management on the basis of functional ICA evaluations just as there are differences of opinion as to what constitutes an adequate ICA evaluation in the 
first place. The results of a temporary BTO can be classed grossly as either: 

1.  Fail: Neurologic deficit and/or CBF <20 mL/100 g per minute (if quantitative evaluation has been performed)
2.  Pass: No neurologic deficit and CBF >20 mL/100 g per minute (if quantitative evaluation has been performed)

For patients who fail, one should consider aborting definitive resection plans or extracranial-intracranial bypass antecedent to the definitive resection.[76] [182] 

Patients who pass are further subclassified depending on on whether qualitative or quantitative testing has been done. Fisch, using qualitative balloon test occlusion, will permanently occlude the ICA preoperatively if the neuroradiologist 
concludes there is adequate cross-circulation and there has been no neurologic deterioration during the test. Only 5% (2 of 46; 1 preoperatively and 1 postoperatively) had permanent neurologic sequelae after occlusion by use of this 
algorithm.[214] If quantitative testing has been performed, transarterial permanent balloon occlusion may be considered for operative candidates in groups 1 and 2 (CBF >30 mL/100 g per minute) (see Figure 162-1 ) for the same indications as 
occasioned functional CBF testing. If the decision for occlusion of the ICA is reached preoperatively, permanent balloon occlusion should be performed 1 to 4 weeks before the resection to lessen thromboembolic sequelae. Placement 
proximally at the level of the carotid bifurcation and distally just before the ophthalmic artery minimizes late thromboembolic sequelae.[197] [198] The long-term sequelae of carotid occlusion is unknown, although xenon-CT blood flow mapping 
after BTO correlates well with medium-term neurologic outcome.[120] Direct vein graft reconstruction is indicated to allow complete tumor resection (see Figure 162-1 ) in those quantitatively assessed as group 3 (20 mL/100 g per minute < 



CBF <30 mL/100 g per minute), those with bilateral lesions, and in young patients with benign tumors according to Sen and Sekhar.[182] Intraoperative revascularization is attended with increased operative time, graft occlusion, higher 
transfusion rate, and potential postoperative blowout.[214] Risk of graft occlusion is especially high in those with long grafts.

Disregarding the surgeon's proclivity of revascularization or permanent balloon occlusion, the decision optimally is made under controlled circumstances preoperatively.

SURGICAL APPROACHES

Although the biologic behavior of the tumors involving the skull base may vary, certain general principles should be followed in their extirpation. It is essential, if possible, to determine preoperatively whether the lesion is benign or 
malignant. Small, benign lesions in the middle ear space whose borders are clearly visible through the tympanic membrane can be removed through the EAC. When removing the tumor, the surgeon should clearly differentiate it from 
vascular anomaly, because injury to the ICA in its intratemporal portion is hazardous and may require carotid artery ligation for control. Benign tumors limited to the mesotympanum whose borders are not visible through the tympanic 
membrane may be approached through a combined transcanal and facial recess or through an extended facial recess approach. Occasionally, the facial recess is narrow, requiring removal of all or part of the bony posterior EAC wall. Basic 
surgical approaches to the mastoid and mesotympanum may be found in Chapter 136 and Chapter 137 . Malignancies are best removed en bloc, whereas benign lesions may be
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extirpated piecemeal but, depending on biology, may require a cuff of normal tissue. Surgical approaches to lesions deeper within the temporal bone should be chosen either to provide adequate exposure for complete excision or to allow 
easy access to an exteriorized cavity to preserve useful residual hearing if possible, to preserve facial nerve and other cranial nerve functions when possible, to avoid injury to the brainstem and ICA, and to provide for wound closure without 
cerebrospinal fluid (CSF) leak.

The operative approach and intraoperative technique should maximize safe exposure and minimize morbidity. Surgeons should be well versed in all methods of exposure for various regions of the skull base. Circumferential exposure of 
tumor margins for benign tumors and en bloc technique for malignant lesions, minimization of blood loss by preoperative selective embolization and intraoperative selective vessel ligation, proximal and distal control of the ICA around the 
tumor, and preservation of cranial nerves facilitated with intraoperative electromyographic (EMG) monitoring (see Chapter 168 ) wherever necessary are essential to a successful outcome.

Sleeve Resection of EAC

A sleeve resection of the EAC removes the cartilaginous EAC and some or all of the bony canal wall skin circumferentially without bone removal. Split-thickness skin grafts (STSGs) are used in the conchal bowl and EAC. Some authors 
include the tympanic membrane as a medial margin to a sleeve resection, although this type of procedure generally is reserved for malignancies localized to the cartilaginous EAC. Malignancies localized to or involving the osseous EAC 
should undergo at least a lateral temporal bone resection.

Lateral (Partial) Temporal Bone Resection

A lateral temporal bone resection[29] [30] [104] [105] removes en bloc the entire osseous and cartilaginous EAC and tympanic membrane by use of the extended facial recess approach ( Figure 162-3 ). This procedure is indicated for those with 
malignant neoplasms localized to the osseous EAC with no encroachment on the medial mesotympanum. Parotidectomy, neck dissection, and mandibular condylectomy are performed as adjunctive surgical procedures on the basis of 
perioperative radiology and intraoperative findings. Intraoperative facial nerve monitoring is useful in this procedure.

Incisions

A soft-tissue cylinder is designed to include the tragus and conchal bowl. The incision is taken vertically downward, posteriorly and superiorly, to the temporal 

 
Figure 162-3 Margins of resection for lateral temporal bone, subtotal temporal bone resection, and total temporal bone resection. 

 



Figure 162-4 Lateral temporal bone resection. A, Incisions include a central external auditory canal core, which is sutured closed. Extend incision as needed for neck dissection or temporal muscle rotation flap. Note the tragus can be 
preserved for better cosmesis. B, Canal closure, mastoidectomy, epitympanic dissection completed. 

 

Figure 162-5 Lateral temporal bone resection. A, Extended facial recess dissection. B, Hypotympanic dissection. C, Specimen fractured with osteotome. D, Specimen separated from soft tissue. 

 

Figure 162-6 Subtotal temporal bone resection. Incisions include a central external auditory canal core, which is sutured closed. Note the tragus can be preserved for better cosmesis. Temporal craniotomy for subtotal temporal bone resection 
is smaller than for a total temporal bone resection. Parotid with main trunk of facial nerve elevated from masseter muscle. 
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Piecemeal, subtemporal craniectomy delineates CN VIII.

Subtotal Temporal Bone Resection

The vertical petrous portion of the ICA is identified ( Figure 162-7 ). This resection is performed by drilling with diamond burs through the glenoid fossa and across the eustachian tube orifice. Mobilization of the ICA is just distal to the first 
genu. The distal eustachian tube orifice should be either sutured or closed with autologous tissue.

Delineation of the Sigmoid Sinus and Jugular Bulb

Presumptively, if a subtotal temporal bone resection has been selected, the mastoid air system is not involved in those with carcinoma. A mastoidectomy is performed, removing the mastoid cortex with cutting burs. The sigmoid sinus and 
jugular bulb are carefully delineated with diamond burs, and the jugular bulb is carefully dissected from the temporal bone with knowledge that the inferior petrosal veins enter it inferomedially. The sigmoid sinus may require ligation 

 
Figure 162-7 Subtotal temporal bone resection. A, Bird's-eye view of proposed resection. Note the facial nerve can be exposed for clean sectioning in the labyrinthine segment. B, Osteotome at carotid canal first genu directed at internal 
auditory canal fundus. C, Specimen removed showing remaining petrous apex and otic capsule. 



 

Figure 162-8a Schematic illustrations showing total temporal bone resection. Roman numerals denote cranial nerves. A, The frontotemporal-retroauricular-cervical skin flap is rotated forward. The external ear canal has been transected. The 
facial nerve has been transected just beyond the stylomastoid foramen. The temporomandibular joint has been opened and the mandibular ramus resected. Cranial nerves IX through XII and the jugular and carotid vessels are exposed to the 
neck. B, A temporal and suboccipital craniotomy has been extended over the transverse sinus and lateral posterior fossa. A zygomatic osteotomy and a partial mastoidectomy have been performed. The osseous middle fossa floor has been 
partially resected to expose second (V2) and third (V3) divisions of the cranial nerve V and the greater superficial petrosal nerve. The middle meningeal artery has been transected. C, Continuing resection of the osseous middle fossa floor, 
the eustachian tube, and the tensor tympani muscle have been transected. The ascending and transverse segments of the petrous internal carotid artery (ICA) have been unroofed, and the ICA has become mobilized anteriorly. D, The temporal 
and retrosigmoid dura have been opened. The lateral sinus had been ligated at its junction with the sigmoid; the tentorium has been opened along the inferior edge of the mandibular nerve, trigeminal ganglion, and roof, with the interruption 
of the superior petrosal sinus. If uninvolved, the superior petrosal sinus drainage into the transverse sinus may be preserved by changing the dural incision lines. The dura has been cut over the cerebellum; the transverse sinus has been ligated 
and transected, and a dural flap has been brought down from over the temporal lobe. The tentorium has been divided from the transverse sinus transection, alongside and behind the petrous ridge, and anteromedially across the sinus. This cut 
has been connected to an incision in the dura on the middle cranial fossa floor anterior to the petrous base. The outline of the trigeminal ganglion and roots can be seen through the middle fossa dura. 

 

Figure 162-8b E, With the cerebellum retracted medially, cranial nerves V and VII through XI can be seen. The labyrinthine (internal auditory) artery has been transected at its origin from the anterior inferior cerebellar artery. F, Cranial 
nerves VII through XI have been transected, and the underlying dura has been incised as the posterior border of the en bloc resection of the petrous bone. The petrous bone specimen then is disconnected from any remaining attachments and 
removed. PICA, Posterior inferior cerebellar artery. (Used with permission. Sekhar LN and others: J Neurosurg 76:578, 1992.) 

 



Figure 162-9 A, Skin incision for Fisch type A infratemporal fossa dissection. B, Anteriorly based periosteal flap elevation. C to E, Cartilaginous canal skin elevated, everted, and blind sac closure of external canal. F, Blind sac closure 
reenforced with periosteal flap. 

 

Figure 162-10 A, Skin of osseous external auditory canal elevated to annulus (note: lateral skin already removed). B, Removal of canal skin, tympanic membrane, and attached manubrium. 

 

Figure 162-11 Preparatory dissection with flap elevation and proximal vascular control. 

 

Figure 162-12 A, Radical mastoidectomy with facial nerve skeletonization. B, Anterior transposition of the facial nerve. 



 

Figure 162-13 A to C, Ligation of the sigmoid sinus below the mastoid emissary vein. D, Alternate method of sigmoid sinus occlusion with intraluminal absorbable packing. 

 

Figure 162-14 Type A infratemporal fossa exposure and vascular control completed by removal of bone over carotid artery and jugular bulb. 

 

Figure 162-15 A to D, Removal of paraganglioma of the jugular bulb with the Fisch type A infratemporal fossa approach. 



 

Figure 162-16 A and B, Intracranial paraganglioma extension into posterior fossa. C, Intracranial paraganglioma removed. 

 

Figure 162-17 A to C, Obliteration of wound defect with abdominal fat and rotated temporalis muscle. 

 

Figure 162-18 Fisch type B or C approach. Steps in Figure 162-9 , Figure 162-10 , Figure 162-11 , and Figure 162-12, A, are repeated (note: intratemporal facial nerve is not skeletonized). A to C, Dissection includes transection of zygoma, 
elevation of temporalis muscle and periosteum of skull base, and self-retaining retractor dislocation of the mandible inferiorly. D, Bone removed to identify middle meningeal artery and V3 (transected here). 



 

Figure 162-19 A, Removal of eustachian tube permits access to internal carotid artery up to the foramen lacerum. B and C, Elevation of carotid artery permits additional access to the petrous apex and clivus. 

 

Figure 162-20 Transcochlear approach to petrous apex. A, Posterior translocation of facial nerve. Greater superficial petrosal nerve. B, Subtotal petrosectomy with removal of otitic capsule. 

 

Figure 162-21 Fisch type C approach. A, Pterygoid base dissected with exposure of V2. B and C, Sphenoid sinus entered. 



 

Figure 162-22 Fisch type C approach. A and B, Removal of pterygoid process and lateral wall of the nasopharynx exposing opposite torus tubarius. 

 

Figure 162-23 Preauricular lateral skull base approach. A, Incision for approach to infratemporal fossa. B, Exposure of major vessels to the skull base. C, Exposure of the infratemporal fossa. 
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provides resistance for radial spread, and therefore longitudinal spread toward the tympanic membrane is an early phenomenon. The tympanic membrane is thought to act as a barrier for longitudinal spread, although McCabe[126] has warned 
that microscopic extension around the annulus into the mesotympanum may occur even when the tympanic membrane is intact or grossly uninvolved. Entry of tumor into the middle ear space permits a myriad of paths of least resistance 
through air cell tracts and the eustachian tube.[117] 

Symptoms and Signs

Carcinoma of the EAC and temporal bone often will masquerade as chronic external otitis or chronic otitis. The frequency of these complaints in "routine" clinic patients is the cause of an average 6-month delay in diagnosis. Persistent 
external otitis, despite routine measures, should increase suspicion of carcinoma and inflammatory etiologies and result in biopsy. Persistent pain that is inordinate to the abnormality or a change in pain pattern with a chronically painful ear 
should arouse suspicion. Some adenoid cystic carcinomas have been preceded by ear pain for several months before any abnormality is noted; therefore, serial examinations are important.

Squamous cell carcinoma may appear as a meaty or polypoid lesion in the EAC. Adenoid cystic carcinoma usually is epithelial covered and may appear as a small pimple with patients having complaints of significant pain. Basal cell 
carcinoma may have a serpiginous ulceration, with the typically pearly edges not occurring because of characteristics of the thin, adherent epithelium of the EAC. Hearing loss usually is conductive from obstruction of the EAC. Cochlear 
hearing loss and vertigo indicate labyrinthine involvement and an aggressive, advanced lesion. A parotid mass, CN paresis, and cervical lymphadenopathy are also late signs portending a grave prognosis. It is important to assess the 
nasopharynx to ascertain that a tumor does not originate from this area. Carcinomas of the EAC should prompt close evaluation of the parotid gland, because the tumor in the EAC may have originated from the parotid gland.

Staging

Planning management critically depends on preoperative evaluation. Fine cut temporal bone CT, with soft tissue and bone protocols with intravenous contrast, will provide the medial extent of disease, evidence of osseous erosion, and some 
soft-tissue detail ( Figure 162-24 ).[6] With extensive lesions or CT evidence of osseous erosions or soft-tissue extension, MRI with gadolinium enhancement of the temporal bone, parotid gland, and upper neck provides further soft 

 
Figure 162-24 A 73-year-old woman with squamous cell carcinoma of the right external acoustic canal. Axial computed tomography (CT) with bone algorithm. Only a focused bone algorithm CT would reveal the subtle bone erosion 
(arrows) associated with this carcinoma. 

 
 

Box 162-2. DESCRIPTION OF UNIVERSITY OF PITTSBURGH TUMOR LYMPH NODE METASTASIS STAGING SYSTEM PROPOSED FOR THE EXTERNAL AUDITORY CANAL

 
T Status 

T1 —Tumor limited to the external auditory canal without bony erosion or evidence of soft-tissue extension 
 
T2 —Tumor with limited external auditory canal bony erosion (not full-thickness) or radiographic finding consistent with limited (< 0.5 cm) soft-tissue involvement 
 
T3 —Tumor eroding the osseous external auditory canal (full thickness) with limited (< 0.5 cm) soft-tissue involvement, or tumor involving middle ear or mastoid, or patients presenting with facial paralysis 
 
T4 —Tumor eroding the cochlea, petrous apex, medial wall of middle ear, carotid canal, jugular foramen or dura, or with extensive (> 0.5 cm) soft-tissue involvement 



 
 
N Status 

Involvement of lymph nodes is a poor prognostic finding and automatically places the patient in an advanced stage (i.e., stage III [T1 , N1 ] or stage IV [T2, 3, and 4 , N1 ] disease) 
 

 
M Status 

Distant metastasis indicates a poor prognosis and immediately places patients in the stage IV category 
 

 
 
An algorithm for the management of high-grade carcinomas of the EAC and temporal bone is found in Figure 162-25 . T1 tumors localized to the cartilaginous canal can be appropriately managed with sleeve resection of the EAC with frozen 
section medial margins. These cases occur rarely. Lateral temporal bone resection (or en bloc removal of the EAC and 

 
Figure 162-25 Algorithm for management of high-grade malignancies of the external acoustic canal and temporal bone. 

 

Figure 162-26 Preoperative angiogram of an upper cervical internal carotid aneurysm at the skull base. 
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Figure 162-27 A and B, Saphenous vein repair of the aneurysm in Figure 162-26 with a Fisch type A infratemporal fossa approach. 



 

Figure 162-28 Coronal computed tomography scan revealing a jugular foramen schwannoma with a small intracranial extension removed by way of a Fisch type A infratemporal fossa approach. 

 

Figure 162-29 A 53-year-old woman with familial paragangliomas. There are bilateral glomus jugulare paragangliomas, a right-sided glomus vagale paraganglioma, and bilateral carotid body paragangliomas. A, Axial computed tomography 
(CT), bone algorithm. This CT is performed with a small field of view and a bone algorithm to increase the resolution of bone edges. The bilateral glomus jugulare paragangliomas are destroying bone from the pars vasculosa laterally. On the 
left side, the lesion is destroying the septum between the internal carotid artery and the internal jugular vein. These are common findings in a glomus jugulare paraganglioma (arrow). B, Coronal CT with intravenous contrast. Both glomus 
jugulare paragangliomas extend into the neck. However, there is another large mass on the right, a glomus vagale paraganglioma (m). C, Axial magnetic resonance imaging (MRI), T2-weighted. High-intensity glomus jugulare paraganglioma 
(m). The lesion has occluded the sigmoid sinus, which shows high-intensity (ss). The left internal carotid artery (LICA) shows pathologic high intensity. This vessel has been occluded by a large paraganglioma in the neck (not shown). 
Compare the signal of this vessel with the normal dark black signal of the flowing internal carotid artery on the right (RICA). Although MRI cannot provide the fine bony resolution shown in the CT (see B), it gives more information about 
vascular patency. D, The left internal carotid artery occlusion has resulted in a middle cerebral arterial distribution infarction (i). 



 

Figure 162-30 A 50-year-old woman with a right glossopharyngeal schwannoma. A, Axial computed tomography bone algorithm. The neoplasm has focally expanded and destroyed the pars nervosa portion of the jugular foramen (arrow). 
This is a helpful finding in this type of schwannoma. B, This patient's neoplasm is large. It has ascended past the cochlear aqueduct toward the internal acoustic canal. If only this level was viewed, the mass (m) could simulate a vestibular 
schwannoma. 

 

Figure 162-31 Paraganglioma of the jugular bulb with intracranial extension. Removed in one stage with a Fisch type A infratemporal fossa approach. 

 

Figure 162-32 Computed tomography scan of large posterior fossa meningioma with petrous apex involvement. Removed through retrosigmoid craniotomy and petrosectomy with posterior facial nerve transposition. 



 

Figure 162-33 A 36-year-old man with left cerebellopontine cistern congenital epidermoid cyst. A, Axial computed tomography (CT). Displacement of the pons to the right (arrow). This displacement seems to be caused by cerebrospinal 
fluid (CSF) attenuation material. Accordingly, this could be an arachnoid cyst. B, Axial magnetic resonance imaging T1-weighted, no contrast. The cystic lesion (c) is now clearly seen to have higher signal than the CSF in the right 
cerebellopontine angle cistern (arrows). This slightly higher signal on T1-weighted images is helpful in separating epidermoid cysts from arachnoid cysts. This slightly higher signal is caused by lipid, mostly cholesterin. The lipid is not seen 
on CT as low attenuation, because there is higher attenuation keratin mixed with the cholesterin. The sum of these two components balances out to nearly CSF attenuation. 

 

Figure 162-34 A 21-year-old woman with cholesterol cysts. A, Axial computed tomography (CT) with intravenous contrast material. Expansile slightly low attenuation masses (m) in both petrous apices. B, Coronal T1-weighted magnetic 
resonance imaging (MRI), no contrast material. High signal within both petrous apices, more apparent in the larger right-sided mass (m). C, Coronal T1-weighted MRI after intravenous gadolinium contrast material. The edges of the lesion 
show enhancement (arrow). The larger high signal portion does not change. Notice the increased signal in the pharyngeal mucosa (p). This is a normal finding after gadolinium. D, Axial T2-weighted MRI. The right sided lesion (I) shows 
extremely high signal. The left-sided lesion is similar but less marked. There is only slight inhomogeneity in this signal reflected by small patches of lower signal. The combination of the CT appearance with extremely high signal on T1- and 
T2-weighted MRI is distinctive for a cholesterol cyst. The slight inhomogeneity in the lesions is due to bone fragments, calcification, and small hemorrhages of varying ages. 
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cranial fossa approach may be of benefit.[36] The preauricular approaches[178] [181] have similar limitations to those already discussed, but the transcochlear route cannot be used for further exposure combined with the preauricular approach. 
Numerous anterior approaches to the clivus also have been described. * Transnasal endoscopically assisted approaches may also aid in extirpation.

Lesions Involving the Cavernous Sinus

The cavernous sinus is a small plexus of veins enclosed by leaves of dura on either side of the sella turcica.[77] In the cavernous sinus lie the ICA; sympathetic nerves; and CNs III, IV, VI, V1, and sometimes V2. Primary tumors of the 
cavernous sinus commonly include meningiomas or schwannomas,[177] but this region usually is invaded secondarily. Operations involving the cavernous sinus are fraught with potential complications, including bleeding, CN deficits, and ICA 
injury. Palliative therapy such as conventional irradiation or gamma knife may be warranted for those with many lesions in this location.

Chordoma

Cranial chordomas originate from the clivus and progressively destroy the skull base ( Figure 162-35 and Figure 162-36 ).[17] [93] [106] They 

 
Figure 162-35 A 57-year-old man with a massive petrous apex chordoma on the left. A, Axial bone algorithm computed tomography (CT). Off-midline destructive changes of this lesion (I). Whereas most chordomas are midline, some can 
be quite far lateral. B, Axial brain CT with intravenous contrast material. The chordoma (c) was so large that it extended up into the left temporal lobe. 
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Figure 162-36 A 59-year-old man with clivus chordoma. A, T1-weighted axial magnetic resonance imaging (MRI). Subtle permeative changes extending into the clival bone marrow. The chordoma (c) is forming the darker signal invading 
the high signal of the normal bone marrow fat. B, T1-weighted axial MRI after intravenous gadolinium contrast material. The previous low-signal area has markedly increased in intensity (b). However, it is difficult to assess the degree of 
bone destruction with MRI. C, Standard computed tomography (CT), bone windows. Even on this nonfocused CT, the gross destructive changes of this clivus chordoma are visible. MRI is less sensitive than CT in showing bone destruction. 

 

Figure 162-37 Coronal magnetic resonance imaging of an intracranial-extracranial trigeminal schwannoma. Excision through a preauricular approach with extraoral transection of mandible and temporal craniotomy. 
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Chapter 163 - EXTRA-AXIAL TUMORS INVOLVING THE ANTERIOR AND MIDDLE CRANIAL FOSSA



Timothy M. McCulloch 
Russell Smith 

INTRODUCTION

The extra-axial tumors of the anterior skull base are a diverse group of pathologic entities. However, their presence in the region of the anterior skull base results in a common clinical presentation. Tumors, which arise in the paranasal sinus 
region, frequently remain indolent and benign-appearing for extended periods of time. Both physician and patient tend to assume the symptoms are due to common, benign, sinonasal disease during the initial stages of the malignant process.

It has been long recognized that the early detection of tumor of the paranasal sinus is the exception rather than the rule. In the review by Sisson and colleagues,[88] the median patient-physician delay was 8 months. Lund[56] and Bush and others 
[12] identified delays of between 3 and 14 months. Stern and colleagues[91] identified a mean symptom duration of 21.7 weeks before the treatment of maxillary sinus cancer. It was recognized by these and other authors that paranasal sinus 
complaints can represent up to 40% of otolaryngology office visits and that malignant and benign disease have a common constellation of symptoms such as nasal stuffiness, episodic epistaxis, facial pain, and fullness.

These tumors are oftentimes not recognized until orbital invasion produces symptoms of proptosis and diplopia or anterior invasion leads to nasal and facial deformity. Frequently the diagnosis of a tumor is made only after serendipitous 
screening computed tomography (CT) scans are obtained in response to the assumption of infections or inflammatory sinus disease. Even in this era of high-resolution CT scan and magnetic resonance imaging (MRI), it is often only at the 
time of surgery that the disease process is recognized as malignant.

The neoplasms encountered in this region have always been diverse. A review by Ketcham and Van Buren[43] of 89 patients identified 13 different tumor pathologies. Most cases were squamous cell carcinoma (SCCA) and sarcomas, with 
smaller numbers of adenocarcinomas and esthesioneuroblastomas being reported. This diversity of tumor pathologies is expanded on by other reviews and includes nonmalignant locally aggressive tumors such as meningioma, juvenile 
nasopharyngeal angiofibroma, fibrous dysplasia, inverting papilloma, paraganglioma, and fibroosseous disease (osteoma, fibrous dysplasia). The common malignant lesions identified in these reviews include SCCA, adenocarcinoma, 
adenoid cystic carcinoma, melanoma, esthesioneuroblastoma, sinonasal undifferentiated carcinoma (SNUC), skin malignancy, and sarcomas. The sarcoma types found in the anterolateral skull base are extensive and include chondroblastic, 
osteoblastic, and fibroblastic tumors as well as rhabdomyosarcoma, leiomyosarcoma, liposarcoma, and others ( Table 163-1 ).[5] [7] [42] 

Given that tumors of the paranasal sinuses and anterolateral skull are rare, treatment advances tend to be a byproduct of experience with the treatment of similar tumors in other locations. Surgical excision has been a cornerstone of most 
therapeutic regimens. Through the efforts of skull base surgery pioneers such as Ketcham and Van Buren, surgical approaches have been standardized, treatment algorithms have been established, and reconstructive options have been 
expanded.

There have been advances in surgery, radiation therapy, chemotherapy, and hospital care, all of which simplify patient treatment and decrease treatment morbidity. However, no significant advancements have been made in the treatments that 
have been
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TABLE 163-1 -- HISTOPATHOLOGY OF TUMORS IN THE ANTERIOR SKULL BASE

Ketcham and Van Buren (1985)[43] Bhattacharyya (2002)[7] ; Surveillance 
Epidemiology, and End Results data*

Bentz and others (2003)[5] ; Memorial Sloan-
Kettering

Katz and others (2002)[42] ; University of 
Florida

McCullough and Smith (1995–2001); 
University of Iowa experience

Squamous cell carcinoma Squamous cell carcinoma Sarcoma Squamous cell carcinoma Squamous cell carcinoma

Sarcoma Esthesioneuroblastoma Sinonasal squamous cell carcinoma Esthesioneuroblastoma Sarcoma

Undifferentiated carcinoma Melanoma Esthesioneuroblastoma Adenocarcinoma Undifferentiated carcinoma

Adenocarcinoma Adenocarcinoma Adenocarcinoma NOS Adenoid cystic carcinoma Esthesioneuroblastoma

Esthesioneuroblastoma Adenoid cystic carcinona Melanoma Undifferentiated carcinoma Adenocarcinoma

Basal cell carcinoma Sarcoma Salivary malignancy  Melanoma

Adenoid cystic carcinoma Sinonasal undifferentiated carcinoma Skin malignancy  Adenoid cystic carcinoma

  Undifferentiated carcinoma  Skin malignancy

Tumor types listed in order of frequency as report by each author.

NOS, not otherwise specified.
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translated into prolonged survival, with the rare exception. This same fact was acknowledged two decades ago after the first 30 years of anterior skull base surgery. Alfred S. Ketcham, in his 1985 Hayes Martin lecture delivered to the Society 
of Head and Neck Surgeons, summarized his 24-year experience with the treatment of tumors of the paranasal sinuses.[43] He acknowledged the surgical, radiologic, and radiotherapeutic advances, but he surrendered to the fact that no 
dramatic improvement in patient survival could be identified.

In the management of neoplasms involving the anterior skull base, it is the unique pathology that truly determines the treatment algorithm necessary. These various tumor types differ in their sensitivity to radiation therapy and chemotherapy 



and in the patterns of local invasion and risk of nodal and distant metastases. They also differ in their rate, timing, and location of disease recurrence. Thus, each tumor and patient requires a unique treatment and follow-up plan.

This chapter is designed to aid in that process, with the caveat that any attempt to group these unique patients will lead to the oversimplification of the problem faced by the physician and the patient. The chapter will be subcategorized on the 
basis of tumor pathology, thereby allowing the reader to organize a treatment plan that is based on the presumptive response of each tumor to the possible therapeutic modalities available, which include surgical intervention, radiation 
therapy, and, in many cases, chemotherapy. A brief review of the surgical advances of the last 50 years and a general assessment of staging and prognostic factors for anterior skull base neoplasms will be included.

SURGICAL APPROACHES

In this current era, two basic surgical approaches are used to treat tumors of the anterior skull base: the standard craniofacial resection and the subfrontal resection. These approaches are modified to accommodate the extent of tumor present 
and the bias of the individual surgeon. The following is a summary of the advances that have been made in skull base surgery and a basic description of these techniques.

A series of cases by Smith and others[89] published in 1954 may be the first truly successful combined craniofacial resections. Ketcham and colleagues[44] are oftentimes given credit as the initial champions of anterior craniofacial resection, and 
rightly so. However, many others were involved in the evolution of these surgical approaches as they are used today.

During Ketcham's first 10 years of experience, 31 patients were treated. His technique combined anterior craniotomy with a transfacial approach, most commonly via a Weber-Fergusson incision with expected maxillectomy and 
ethmoidectomy ( Figure 163-1 , Figure 163-2 , and Figure 163-3 ). The patients also received tracheotomy and cervical esophagostomy. After tumor extirpation, the site was repaired with a fascia graft to replace missing dura; a split-
thickness skin graft to cover the intranasal resection, including anterior dura or dural repair; and nasal packing.

Partial or complete skin graft loss was common (70%); however, in all cases, reepithelialization was reported. Frontal bone flaps were lost in only two patients, but meningitis and or subdural abscess occurred in six patients. Postoperative 
cerebrospinal fluid (CSF) leaks occurred in half of the patients, with spontaneous closure seen in all patients by postoperative day 17. The authors also reported one stroke and one subdural hematoma. Despite of the complications, this initial 
group of patients had a 61% 3-year survival rate.[45] 

In 1976, Sisson and others[87] reported adding a third layer to the closure that consisted of bone or cartilage grafts between the dural repair and the skin graft. The authors also used nasal packing for a total of 14 days, replacing the operative 
nasal packing after postoperative day 7. The lateral rhinotomy incision was left open to allow packing and wound inspection. This prevented CSF leaks; however, only a small number of cases were reported.

 
Figure 163-1 Illustration of standard anterior craniotomy approach for anterior cranio-facial resection. Arrows indicate distance to ethmoid and floor of anterior cranial fossa. 

 

Figure 163-2 Photograph of standard anterior craniotomy approach for anterior cranio-facial resection, with demonstration of brain retraction. 

 

Figure 163-3 Illustration of standard location for facial incisions, with combined cranio-facial resection completed using traditional methods. These incisions are positioned between facial cosmetic subunits (dashed lines). 

 

Figure 163-4 Illustration of the subfrontal craniotomy approach for anterior cranio-facial resection. This image demonstrates exposure directly over the ethmoid sinuses and orbits. 



 

Figure 163-5 Photograph of the subfrontal craniotomy approach for anterior cranio-facial resection. This image demonstrates dural resection and repair. 

 

Figure 163-6 Illustration of the lateral approach for orbital, infratemporal fossa, and temporal tumor resections. This image demonstrates transposition of the zygomatic arch. 

 

TABLE 163-2 -- DISEASE-SPECIFIC SURVIVAL BY TUMOR TYPE AND RELATIVE RISK

Tumor Type Number of Patients Treated 5-Year Survival Rate (%) Relative Risk

Esthesioneuroblastoma 20 88 0.4

Sarcoma (low grade) 5 80  

Adenocarcinoma 20 68  

Salivary malignancy 15 46  

Squamous cell carcinoma 29 51  

Skin squamous cell carcinoma 11 50  

Sarcoma (high grade) 27 47  

Undifferentiated/anaplastic carcinoma 8 44  

Melanoma 17 18 3.73

Modified from Bentz and others (2003).[5] 
 
 

TABLE 163-3 -- SURVIVAL BY TUMOR TYPE ACCORDING TO THE SURVEILLANCE, EPIDEMIOLOGY, AND END RESULTS DATABASE

Tumor Type Number of Patients (% of Total) Median Survival (Months) 5-Year Survival Rate (%)

Sarcoma 32 (4) Data not available 73

Esthesioneuroblastoma 103 (13) 88 64

Squamous cell carcinoma 386 (49) 84 61

Adenoid cystic carcinoma 38 (5) 106 59

Adenocarcinoma 39 (5) 54 49

Sinonasal undifferentiated carcinoma 13 (2) 42 49

Melanoma 95 (12) 30 22



Modified from Bhattacharyya (2002).[7] 
 
2002 report identifying factors that influence the prognosis of patients with cancer of the nasal cavity. The group of patients was extracted from the Surveillance, Epidemiology, and End Results database for the time period between 1988 and 
1998. A total of 783 cases were analyzed. In this group, 49% of the patients had squamous cell cancer. A melanoma tumor type had the most significant negative effect on overall survival in this group ( Table 163-3 ).

In part because of the unique behavior of many tumor types, the AJCC Cancer Staging Manual section about paranasal sinus cancer specifically excludes nonepithelial tumors and is geared toward staging of squamous cell cancers; however, 
the system allows for the staging of all forms of carcinoma and recognizes nearly 60 histologic subtypes.[1] The tumor staging is deduced from the well-established importance of tumor extension as a variable that affects treatment and cure 
( Table 163-4 ). The issue of tumor extension is important for determining initial treatment
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TABLE 163-4 -- NASAL CAVITY AND PARANASAL SINUS CANCER STAGING, PER THE AJCC CANCER STAGING MANUAL, 6TH ED[1]

Maxillary sinus

T1 Tumor limited to the antral mucosa, with no erosion of bone

T2 Tumor causing bone erosion into hard palate or middle nasal meatus

T3 Tumor invasion of posterior maxillary sinus, subcutaneous tissue, floor or medial wall of orbit, pterygoid fossa, and ethmoid sinuses

T4a Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa, cribriform plate, and sphenoid and frontal sinuses

T4b Tumor invades orbital apex, dura, brain, middle cranial fossa, cranial nerves other than maxillary division of trigeminal nerve (V2), nasopharynx, and clivus

Nasal cavity and ethmoid sinus

T1 Tumor limited to any one subsite (right or left ethmoid, septum floor, lateral wall, or vestibule)

T2 Tumor extends to involve two subsites in a single region or an adjacent region in the nasoethmoidal complex

T3 Tumor extends into medial wall or floor of orbit or maxillary sinus, palate, or cribriform plate

T4a Tumor extends to skin of nose or cheek anterior orbital contents; minimal extension into anterior cranial fossa, pterygoid plates, and sphenoid and frontal sinus

T4b Tumor invades orbital apex, dura, brain, middle cranial fossa, cranial nerves other than maxillary division of trigeminal nerve (V2), nasopharynx, and clivus

 
as well as for predicting ultimate survival. The tumor staging recognizes the disadvantage of tumor extension into the more central midface, the orbit and cranial cavity, and the central skull base and neural structures. The tumor stage 
advances with each step of deeper invasion. The newest system attempts to define tumors that are surgically unresectable by dividing T4 lesions into two categories: T4a (resectable) and T4b (unresectable). This is a major step forward, because 
it recognizes the recent surgical advances and also acknowledges the reasonable limitations to surgical cure. There is good evidence to support this new staging system.[5] [17] [42] [67] [82] 

The general stage of disease is predictive of survival when treating patients with combined therapy or radiation alone. Katz and others[42] reviewed the experience at the University of Florida with the treatment of malignant tumors of the nasal 
cavity and paranasal sinuses, with special emphasis placed on the role of radiation therapy. They evaluated the treatment of 78 patients; 48 had nasal cavity involvement, 24 had ethmoid sinus tumors, 5 had sphenoid sinus tumors, and 1 had a 
frontal sinus tumor. The tumor types included 24 SCCA, 14 SNUC, 31 salivary carcinoma (adenocarcinoma, adenoid cystic carcinoma, and mucoepidermoid carcinoma), and 15 esthesioneuroblastoma. Patients treated with radiation alone 
had a 49% 5-year survival rate, whereas those receiving postoperative radiation had a 79% 5-year survival rate. The survival advantage was attributed primarily to a treatment selection basis, because multivariate analysis identified primary 
stage as the only factor that affected cause-specific survival and local recurrence (stage I patients, 86%; stage II, 65%; stage III, 34%, all after 5 years). This same treatment bias with regard to late-stage lesions receiving primary radiation 
therapy was noted by Jansen and others.[38] 

It is also well established that dural, brain, and orbital invasion are prognostic indicators of diminished survival and local recurrence. In the review by Bentz and colleagues,[5] dural invasion and histology were the only two variables that were 
statistically associated with overall survival. In other studies, both dural and brain invasion have been associated with a negative prognosis.[17] [82] 

As previously discussed, margin control is an important part of the surgical management of skull base malignancies.[80] [99] With regard to the orbit, there is good evidence that invasion through the lamina papyracea to the periorbita and 
invasion of the orbital soft tissue are prognostically different things. The difference impacts orbital preservation, choice of treatment, and ultimate cure. It appears to be a viable option to retain orbital content whenever the tumor is confined 
to and controlled at the periorbita. McCary and others[60] followed an orbital preservation protocol that included preoperative radiation in most cases and orbital exploration in all cases. Periorbital resection to negative margins was completed 
when tumor cells were identified within this tissue. No patient required orbital exenteration. In this study, 33 patients were followed; this included 7 patients with pretreatment gross involvement of the periorbita. Of this group, only one 
patient developed recurrence within the orbital tissues, and this was 40 months after initial treatment. Orbital treatment morbidities occurred in 45% of the patients; these included
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exposure keratitis (19%), motility disturbances (19%) (all but one was transient), and cataracts (13%). Globe and lid position problems occurred in 4 out of 31 patients (19%). However, more than 90% of these patients retained a functional 
eye. In 2002, Imola and Schramm[35] reported very similar results. In the follow-up on 66 patients, they found that orbital preservation was achieved in 54 of them. The indications for exenteration were tumor involvement or orbital fat, 
extraocular muscles, tissue of the orbital apex, or eyelid skin. Of the 54 patients, only 4 had recurrent orbital disease, and 91% of the retained eyes were graded as functional. The authors, however, identified some impairment in 37% of 
patients, and they noted that the addition of radiation increased the risk of complications.



The moderate to high dose of radiation delivered to the orbit to adequately treat positive and close margins places the retained eye at high risk for visual side effects. Katz and colleagues[42] identified higher complication rates when patients 
were treated with radiation as the primary modality. Twenty-one out of 60 patients with retained eyes developed ipsilateral blindness primarily as a result of radiation retinopathy, and five patients developed contralateral blindness as a result 
of optic neuropathy. This potential visual dysfunction needs to be considered when orbital preservation is oncologically questionable. Using aggressive multimodality treatment with lower overall radiation doses, Nishino and others[67] were 
able to retain orbital function in patients with maxillary sinus squamous cell cancer, with the exception of those in whom tumor extended to the orbital apex or foramen lacerum of the skull base.

When patients are faced with gross orbital dysfunction, blindness, or pain, they are oftentimes willing to proceed with orbital exenteration. However, this is not the case when the eye is normally functioning. Fortunately, the data and 
available treatment approaches support orbital preservation in the great majority of these cases.

Regional disease and distant metastatic disease are found to be strong negative prognostic factors for survival in most tumor groups. Weymuller and others,[100] when evaluating treatment options for maxillary carcinoma, identified 100% 
fatality in patients presenting with clinically positive nodes; this same disadvantage was revealed in Stern's review[91] of squamous cell carcinoma of the maxillary sinus. When evaluating other specific tumor types (e.g., 
esthesioneuroblastoma, adenoid cystic carcinoma), the impact of nodal disease and distant disease may be somewhat less devastating. However, in the majority of tumors, distant disease predicts a rapid demise.

SQUAMOUS CELL CANCER

As compared with other head and neck subsites, the tumors of the anterior and anterior-lateral skull base are much less likely to be SCCA. In the oral cavity and larynx, SCCA makes up close to 90% of tumors that are identified and treated. 
However, in the maxillary sinus, the incidence of SCCA is approximately 50%, and it is even lower in the remaining sinuses and nasal cavity (see Table 163-1 and Figure 163-7 ). The lessons learned from extensive experience with surgery 
and radiation in the treatment of squamous cell cancers of the upper aerodigestive tract has been applied to the treatment of skull base lesions, with similar success. Chemotherapy, as is true for other head and neck sites, is finding a role in 
the treatment of late-stage disease and for organ preservation.

Fifteen years ago, Sisson and colleagues[87] reported about the experience at Northwestern Memorial Hospital between 1970 and 1985 with the treatment of 60 patients with paranasal sinus malignancy; of these, 32 patients were treated for 
SCCA. Three-quarters of the tumors arose within the maxillary sinus. The overall 5-year survival of the patients treated for SCCA was 42.8%. The lessons learned from this early experience remain salient today. The most common 
successful treatment was combined surgery and radiation (65%), and the treatment success rate was not affected by the timing of the radiation, before or after the surgery. Craniofacial resection was useful for the treatment of ethmoid and 
superior-medial maxillary disease, with an 80% success rate in the cases of ethmoid disease and 25% in the maxillary disease cases. Positive surgical margins were predictive of local recurrence and poor survival. The authors also identified a 
uniform inability to salvage patients after 

 
Figure 163-7 Axial head computed tomography scan demonstrating a nasally based squamous cell carcinoma with extension into the anterior ethmoid sinuses and orbits. 

 

Figure 163-8 Coronal head magnetic resonance image demonstrating adenoid cystic carcinoma with perineural extension into the left cavernous sinus. 

 

Figure 163-9 Magnetic resonance image of extensive esthesioneuroblastoma. A, Axial cut at level of superior orbit. B, Axial cut at level of mid orbit. C, Coronal cut at pterygoid plates. D, Sagittal midline cut. 



 

Figure 163-10 Magnetic resonance image demonstrating rhabdomyosarcoma with extension into the orbital tissue bilaterally and the anterior dura; coronal view. 

 

Figure 163-11 Sagittal view of head magnetic resonance image demonstrating fibrosarcoma with pericranial spread, sparing the brain parenchyma. 
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Chapter 164 - SURGERY OF THE ANTERIOR AND MIDDLE CRANIAL BASE

Daniel W. Nuss 
Bert W. O'Malley Jr. 

INTRODUCTION

Throughout most of modern medical history, the cranial base was regarded as surgically unapproachable because of the anatomic complexity and vital importance of the structures within its boundaries. Over the past several decades, 
however, many incremental advances have been made in oncologic and reconstructive surgery, anesthesiology, radiology, and other related fields that have helped to overcome these obstacles, making surgery of the cranial base both 
technically feasible and therapeutically effective. As a result, surgical resection can be considered the primary management modality for many cranial base lesions previously considered inoperable.

The cranial base is often conceptually divided into three anatomic regions that are named for their intracranial relations to the overlying cranial fossae: anterior, middle, and posterior ( Figure 164-1 ). From a diagnostic and therapeutic point 
of view, it is useful to consider the anterior and middle cranial base regions together, for several reasons. They contribute to what is commonly referred to as the craniofacial junction, an important area in which the neurocranium and the 
viscerocranium meet ( Figure 164-2 ). Both share anatomic relationships with the orbits, the nasal airway, and the paranasal sinuses, and they are therefore affected by similar pathologic processes. The anterior and middle cranial base 
regions are commonly approached using craniofacial disassembly techniques or transfacial endoscopic approaches. However, the posterior cranial base is usually regarded as a separate region; it has little connection to the viscerocranium and 
is affected by different pathologic lesions. It is most often approached surgically using neurosurgical and neurotologic methods.

This chapter focuses on the surgical management of lesions that affect the anterior and middle cranial base.

SURGICAL ANATOMY

Anterior Cranial Base

The anterior cranial base can be defined as that portion of the skull base adjacent to the anterior cranial fossa. It is bounded anteriorly by the frontal bone, which contains two surgically important structures: the frontal sinus and the 
supraorbital foramina ( Figure 164-3 ). The frontal sinus varies in size and extent, but its management is an important consideration in many—if not most—anterior cranial base operations. The supraorbital foramina, which in some persons 
may be incomplete (and therefore referred to as supraorbital notches), transmit the supraorbital nerves and vessels. These vessels contribute a major portion of the blood supply to the galea and the pericranium of the frontal region; they 
should be preserved if the galea and pericranium are to be used in the reconstruction of anterior cranial base defects.

Superiorly, the anterior cranial base is formed by the frontal, ethmoid, and sphenoid bones ( Figure 164-4 ). From an intracranial perspective, several important landmarks are visible. The most anterior of these is the foramen cecum, which is 
the site of a communication between veins of the nasal cavity and the origin of the superior sagittal sinus. The next anatomic landmark, the crista galli, protrudes upward from the midline to provide attachment for the falx cerebri. On either 
side of the crista are the many openings in the cribriform plate, which transmit the olfactory nerves inferiorly. Just posterior to the last of these olfactory foramina is a smooth-surfaced area known as the planum sphenoidale; it forms the roof 
of the sphenoid sinus (when the sinus is well pneumatized). The anterior clinoid processes and lesser sphenoid wings delineate the most posterior limit of the anterior cranial base; here the middle cranial base begins. Between and slightly 
below the clinoids are the optic canals
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Figure 164-1 Intracranial view of cranial base showing boundaries of anterior, middle, and posterior divisions. 



 

Figure 164-2 Disarticulated skull showing the junction of the neurocranium with the viscerocranium (craniofacial junction). The anterior cranial base forms the roof of the orbits and the nasal cavities, and the middle cranial base makes up 
the roof of the intratemporal fossa, the pterygopalatine fossa, and the nasopharynx. Operative approaches to the anterior and middle cranial base regions often traverse the viscerocranium. 

 

Figure 164-3 Anterior perspective of the anterior cranial base showing the outline of the frontal sinus (shaded) and the position of the supraorbital neurovascular pedicle exiting from the supraorbital foramen (left) and the supraorbital notch 
(right). 

 

Figure 164-4 Intracranial view of the anterior cranial base and important landmarks. 



 

Figure 164-5 Coronal computed tomography scan through the anterior cranial fossa, orbits, and ethmoid region showing the relationship of the anterior cranial fossa floor with the underlying orbits and sinuses. The cribriform area (arrows) 
is significantly lower than the ethmoid roof and the orbital roof. Extracranial approaches to this region should respect this anatomy to avoid injury to the dura and brain. 

 

Figure 164-6 Important surgical landmarks of the orbital skeleton. 

 

Figure 164-7 Intracranial view of the middle cranial base. 

 

Figure 164-8 Extracranial aspect of the middle cranial base. 



 

Figure 164-9 Lateral view of the pterygoid process of the sphenoid bone (pterygoid plate) showing the relationship of the foramina rotundum and ovale with associated structures. 

 

Figure 164-10 Xenon-enhanced axial computed tomography scan through the level of the cerebral hemispheres. A, Normal cerebral blood flow distribution with symmetric bilateral xenon uptake (dark areas within each hemisphere represent 
lateral ventricles). B, Significantly decreased hemispheric xenon uptake (on right side of photograph) after inflating a balloon within the ipsilateral internal carotid artery. From these xenon studies, cerebral blood flow in specific regions of 
interest (circles) can be quantitated. Such information is useful for predicting a patient's ability to tolerate occlusion of the internal carotid artery at surgery. 

 
 



Box 164-1. BENIGN LESIONS OF THE SKULL BASE

Extracranial 
 
Inverted papilloma 
 
Angiofibroma 
 
Salivary gland tumor 
 
Paraganglioma (glomus) 
 
Mucocele 
 
Cholesteatoma 
 
Intracranial 
 
Pituitary adenoma 
 
Craniopharyngioma 
 
Meningioma 
 
Schwannoma 
 
Aneurysm 
 
Arteriovenous malformation 
 
Primary basicranial 
 
Fibrous dysplasia 
 
Osteoma 
 
Osteoblastoma 
 
Chondroma 
 
Chordoma *  
 
Congenital 
 
Cholesteatoma 
 
Dermoid 
 
Encephalocele 
 

 
Modified with permission from Dickins JRE: Approach to diagnosis of skull base lesions, Am J Otol 3:35, 1981.

*Histologically benign but clinically malignant behavior. 
 
 
Malignant skull base lesions are listed in Box 164-2 . With some notable exceptions (i.e., leukemia, lymphoma, myeloma, metastases), malignant neoplasms are managed surgically, although in most cases surgery will not be used as the sole 
modality. Adjuvant management with radiation (by external beam, implantation, or brachytherapy) or chemotherapy is usually included in the therapeutic plan. Technically, malignant lesions are removed en bloc with margins of uninvolved 
tissue after broad circumferential exposure whenever possible.[73] 

When considering surgery for tumors and tumor-like disorders of the cranial base, the first question that should be answered involves the biologic behavior of the lesion. As mentioned, an accurate clinical diagnosis can often be made on the 
basis of information obtained from the history, physical examination, and imaging studies. Whenever possible, this should be supplemented by a histologic diagnosis before definitive management is carried out.



When tumor is present within the nose, paranasal sinuses, middle ear, mastoid, oral cavity, pharynx, or neck, direct biopsy can be performed using standard
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techniques. When direct biopsy is not feasible, CT-guided needle biopsy may be done in selected cases (e.g., tumors of the infratemporal fossa). Occasionally a tumor may be inaccessible by either of these routes, or biopsy without adequate 
skull base exposure may be judged to be unsafe because of concerns about injury to nearby critical structures or because of vascularity of the lesion. In these situations, the surgeon should proceed with an operative approach to the skull base 
that is designed to provide access to the tumor for safe biopsy before any irreversible ablative steps are taken. Then, if the frozen-section biopsy result contraindicates resection or is questionable, an alternative management plan may be 
made. On the basis of histologic criteria, extirpative surgery is usually not performed when one of the following conditions is present: (1) a malignant lesion is metastatic from a distant source; or (2) a malignancy is of a type that responds 
well to other management modalities (e.g., lymphoma).

 
 

Box 164-2. MALIGNANT LESIONS OF THE SKULL BASE

Extracranial 
 
Squamous cell carcinoma 
 
Adenoid cystic carcinoma 
 
Mucoepidermoid carcinoma 
 
Malignant mixed tumor 
 
Leukemia 
 
Lymphoma 
 
Rhabdomyosarcoma 
 
Neurogenic sarcoma 
 
Undifferentiated carcinoma 
 
Hemangiopericytoma 
 
Synovial sarcoma 
 
Adenocarcinoma 
 
Basal cell carcinoma 
 
Intracranial 
 
Esthesioneuroblastoma 
 
Malignant schwannoma 
 
Primary basicranial 
 
Chondrosarcoma 
 
Osteogenic sarcoma 
 
Multiple myeloma 
 
Histiocytosis X 
 
Chordoma *  
 
Metastatic 



 
Breast 
 
Lung 
 
Kidney 
 
Prostate 
 
Melanoma 
 

 
Modified with permission from Dickins JRE: Approach to diagnosis of skull base lesions, Am J Otol 3:35, 1981.

*Histologically benign but clinically malignant behavior. 
 
 
In addition to histologic criteria, the decision for or against surgery is influenced by clinical considerations. The expected morbidity of resection can usually be reasonably predicted by the location and extent of the lesion together with the 
physiologic age and general medical status of the patient. This morbidity should be compared with the anticipated natural course of the unmanaged lesion and with the likely result of nonsurgical management, when applicable. The surgeon 
should also try to realistically assess the likelihood of surgical cure or significant palliation. These factors should be carefully weighed and discussed with the patient and his or her family; only then can an optimal therapeutic plan be 
designed.

Anesthesia

Anesthetic management is crucial for determining the outcome of cranial base operations. Techniques of neuroanesthesia are used, with the primary goals of maximal neuronal preservation and simultaneous facilitation of a controlled 
surgical environment.[29] Maintenance of hemodynamic factors is key in this scheme, because cerebral blood flow cannot be allowed to drop below critical levels for any significant length of time. Thus, close monitoring of arterial pressure, 
central venous pressure, cardiac function, and urine output are of paramount importance.

Electrophysiologic monitoring, including somatosensory evoked potentials to assess cortical function and EMG to assess motor cranial nerve function, is another key element for the achievement of neuronal preservation. Appropriate 
selection of anesthetic agents and limited use of neuromuscular blocking drugs enhance the reliability of such monitoring.

Cerebral edema, which is a common problem in intracranial surgery, can be minimized with the intraoperative use of colloids (albumin, plasma) rather than crystalloid fluids. It can be minimized by controlled hyperventilation, which, by 
virtue of decreasing arterial carbon dioxide pressure (PCO2 ), causes mild cerebral vasoconstriction and a corresponding reduction in intracranial volume. Generally, PCO2 between 25 and 30 mm Hg is desirable for this purpose. Lower PCO2 
levels significantly reduce cerebral perfusion and are not recommended. Another technique that is helpful for reducing brain swelling is the preoperative placement of an indwelling lumbar drain, which decompresses the subarachnoid space 
by removing cerebrospinal fluid (CSF). Lumbar drains are also important postoperatively in selected cases, because continuous, short-term CSF decompression can decrease the possibility of CSF fistula. (These drains are not used in patients 
who have major intracranial space-occupying lesions because of the risk of brainstem herniation.) Cerebral edema may

3769

also be lessened with corticosteroids, which are especially helpful if edema is present preoperatively as a result of tumor or other mass lesions. Finally, diuretics such as furosemide or mannitol may be used to decrease brain swelling, but 
these are less desirable in view of their concomitant reduction of systemic intravascular volume.

The anesthesia team is also responsible for the infusion of blood products to replenish surgical blood loss, which can be considerable in some cranial base procedures. Dilutional thrombocytopenia and other coagulopathies can occur after 
multiple transfusions of stored blood. These problems can be successfully managed with the replacement of clotting factors (in the form of fresh-frozen plasma) and platelets in proportion with erythrocyte transfusion. Related issues include 
the advance donation of autologous blood for transfusion and the use of cell-saver devices to collect blood intraoperatively and reinfuse it. With concerns surrounding blood transfusion-related infectious diseases, these techniques are 
becoming increasingly important. One limitation of the cell saver is that it should not be used when there is a risk of reinfusing tumor cells from the operative field.

The anesthesiologist is essential in the successful surgery for cranial base lesions. Optimal anesthetic management depends on close communication between the anesthesiologist and the surgeons before, during, and after the operation.

OPERATIVE TECHNIQUES

General Considerations

Overview of Approaches

A myriad of surgical approaches have been developed for exposure of the anterior and middle cranial base regions; these range from purely intracranial to purely extracranial. However, most approaches for dealing with lesions of the skull 
base use combined intracranial and extracranial methods. For anterior cranial base lesions, the most commonly used approaches combine frontal craniotomy with some form of transfacial (transnasal, transmaxillary, or transorbital) exposure. 
For middle cranial base lesions, access is most often provided by combining temporal or frontotemporal craniotomy with infratemporal fossa dissection, transfacial exposure, or transtemporal techniques. In addition, endoscope-assisted and 
image-guided navigational approaches are increasingly being applied (see Chapter 167 [Stamm & Pignatari]). In anterior and middle cranial base approaches, craniofacial disassembly techniques have been widely employed.

Implicit in the term craniofacial disassembly is the concept of the systematic, stepwise dissection of cranial and facial soft tissues on the basis of the knowledge of regional vascular territories and functional anatomy, followed by osteotomies 



and dismantling of the craniofacial skeleton. Some of these techniques, which were developed originally by plastic and reconstructive surgeons for the correction of congenital craniofacial deformities, are of major importance in cranial base 
surgery, because they allow wide exposure of the skull base through temporary displacement of the viscerocranium.[39] [81] The enhanced exposure of the skull base from below the neutraxis significantly reduces the need for brain retraction and 
therefore helps minimize postoperative neurologic dysfunction. It also allows the surgeon greater oncologic precision during the extirpative phase, with preservation of the functional and aesthetic units of the face for reconstruction.[58] 

Planning the Operative Approach

Whether the surgery is being performed for a benign tumor, a malignancy, or other indications (e.g., inflammatory or vascular lesions, CSF fistula), the approach should be planned and executed to accomplish the four specific goals that are 
applicable to all cranial base operations ( Box 164-3 ).

First, the approach should provide adequate exposure to allow extirpation of the disease process. To a large extent, the degree of needed exposure is based on information obtained from the physical examination and imaging studies.

Second, the approach should be designed to protect critical structures near the lesion. Traditionally, the safest way to protect critical structures has been to achieve surgical access beyond the boundaries of the lesion itself to allow for direct 
visualization and control over the structures of interest. For example, surgical exposure around a tumor would be broadened to identify, dissect, and perhaps displace nearby cranial nerves or the carotid artery. Although obtaining this 
additional exposure may increase the operative time, it can be a major factor in the reduction of postoperative morbidity.

More recently, the introduction and increased application of two major technical advances have given the surgeon additional options for the protection of critical structures, often without the need for increased surgical exposure: image-
guided computer-assisted surgery and endoscopic surgery.

 
 

Box 164-3. GOALS OF CRANIAL BASE SURGERY

1.  Extirpation of disease
2.  Protection of vital structures
3.  Restoration of critical anatomic barriers
4.  Functional and aesthetic reconstruction
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Image-guided (stereotactic) computer-assisted surgery has become a very useful alternative—or adjunct—to wide surgical exposure in selected cases. * Such "navigational surgery" employs one of a variety of referencing systems that can 
assimilate preoperative imaging studies into a computer-based algorithm that allows image reformatting in three dimensions. (The preoperative reference images may be CT- or MRI-based, or they may be a "fusion study" that takes 
advantage of both types of studies.) The reformatted images then serve as the basis for intraoperative navigation, which involves the use of an interactive probe that transmits spatial-orientation 

 
Figure 164-11 Navigational images as seen on intraoperative computer display. The patient's computed tomography images are displayed in the coronal (top left), axial (bottom left), and sagittal (top right) planes, and a three-dimensional 
cutaway view (bottom right) is also shown. On each image, the intersection of the crosshairs indicates the position of the navigational probe. As the probe is moved within the operative field, the images change to reflect the probe's precise 
location. In this case, a lesion that was both osteoblastic and osteolytic and that involved the occipital condyle was approached endoscopically through the nasal cavity without the need for an extensive disassembly approach. The lesion 
turned out to be a metastasis from a previous renal cell carcinoma. 
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realistic alternatives for the treatment of selected skull base problems, most notably for benign sinonasal tumors, pituitary tumors, and CSF leaks.[12] [13] [63] [82] Although endoscopic tools have their place in cranial base surgery, it must be realized 
that their use requires considerable facility and experience.

The protection of critical structures at the cranial base is also enhanced by the appropriate use of electrophysiologic monitoring, including intraoperative somatosensory evoked potentials, auditory brainstem evoked response, and EMG.[73] 

Third, the approach should be designed so that, at the completion of the extirpative phase, critical barriers between the neurocranium and viscerocranium can be readily and reliably restored. These barriers, particularly the dura and subjacent 
soft tissues, normally serve to effectively insulate the intracranial contents and the ICA from exposure to the aerodigestive tract below, including the nasal cavity, sinuses, eustachian tube, and pneumatic spaces within the temporal bone. 
After they have been disturbed, the barriers should be restored to reduce the potential for such consequences as CSF fistula, meningitis, and septic carotid artery rupture. Also, an approach should respect the vascular territories of local tissues 
(i.e., the temporalis muscle, galea, and pericranium), which can then be used for the reconstruction. Such vascularized local flaps are often preferable to free flaps or nonvascularized grafts.[41] [49] 

Fourth, the choice of operative approach should reflect consideration for functional and aesthetic reconstruction, and it should include the placement of incisions within natural skin lines that respect aesthetic units of the face. The soft-tissue 
closure should follow plastic surgery principles. Excellent skull base exposure can usually be achieved by elective osteotomies and the temporary removal of craniofacial bone segments, which are subsequently replaced, thus preserving 
facial contour.[40] [41] [42] [54] [58] Even in cases in which aesthetically important segments should be removed for oncologic reasons, acceptable cosmesis can usually be accomplished through the judicious use of bone grafts and soft-tissue flaps or 
through surgical closures designed to support alloplastic or prosthetic materials.

Anterior Cranial Base Approaches

Surgical approaches to the anterior cranial base include methods that are purely extracranial and those that use combined extra- and intracranial exposures. The extracranial techniques—external ethmoidectomy, frontal sinusotomy, and 
intranasal ethmoidectomy—are suitable only for the management of discrete, well-localized lesions, such as CSF fistulas and some very limited benign anterior cranial base tumors. These procedures are well described elsewhere.[9] [57] 

Most of the remaining anterior cranial base lesions are best managed using the combined intracranial and extracranial techniques, of which there are basically two types: the classic anterior craniofacial resection and the basal subfrontal 
approach. Both of these approaches require bifrontal craniotomy for obtaining intracranial exposure. Except in special circumstances (e.g., in the presence of scars from prior surgery or trauma), the most utilitarian incision for surgery of the 
anterior cranial base is the bicoronal incision.

Technical Note: The Bicoronal Incision

The bicoronal incision should be in the true coronal plane at the level of the top of the helix of the ear or slightly anterior to it ( Figure 164-12 ). A short, forward-directed, preauricular extension can be made on both sides to enhance scalp 
flap rotation. This coronal placement of the scalp incision is chosen for several reasons. It preserves the anterior branches of the superficial temporal artery, which in turn adds to the vascularity of the skin and enhances viability of the scalp 
flap. In addition, it substantially increases the length of vascularized galea and pericranium available for reconstruction as compared with incisions along the anterior hairline, the midforehead crease, or the brow.

The central portion of the anterior scalp flap (i.e., the portion between the two superior temporal lines) 

 
Figure 164-12 Bicoronal incision shown from the patient's left side and demonstrating proper placement to allow for the preservation of anterior branches of the superficial temporal artery. This incision design facilitates use of a long 
pericranial or galeal flap (based on supraorbital vessels), which is important for the reconstruction of anterior cranial base defects. 

 

Figure 164-13 Relationship of the frontal branch of the facial nerve to layers of the temporal fascia. A, Anatomic dissection showing superficial temporal fascia (temporoparietal fascia), through which nerve courses; attempts at surgery to 
elevate this relatively thin fascial layer alone may injure the nerve. B, Surgical dissection showing a deeper plane of fascial elevation that is less likely to cause injury to frontal branch of facial nerve. (From Stuzin JM and others: Anatomy of 
the frontal branch of the facial nerve: the significance of the temporal fat pad, Plast Reconstr Surg 83:265, 1989.) 



 

Figure 164-14 Technique for preserving the supraorbital neurovascular pedicle. A, After the foramen has been identified, a 3-mm osteotome is inserted along its lower border. B, A small segment of bone along the inferior rim of the foramen 
is fractured to liberate the nerve and vessels, which are reflected downward, along with soft tissues of the bicoronal flap. 

 

Figure 164-15a Anterior craniofacial resection. A, Incisions. High bicoronal incision preserves the optimal length of the galea and the pericranium for use as a reconstructive flap. Facial incisions usually include lateral rhinotomy and 
contralateral Lynch incisions, but these may be modified to suit the clinical situation. B, Elevation of the bicoronal scalp flap. The pericranium has been incised bilaterally at the superior temporal lines to separate it from the deep temporal 
fascia. Supraorbital vessels have been released from the supraorbital foramina to allow for the exposure of the superior orbital rims (zygomatic arches may be exposed using bicoronal incision by dissecting further laterally, as may be 
required for extended anterolateral craniofacial resections). C, Bifrontal craniotomy. Temporalis muscles have been partially elevated so that burr holes may be placed below the temporal lines; superior burr holes are placed above the level 
of the frontal hairline. Such placement helps minimize postoperative cosmetic deformity. Paramedian positioning of superior burr holes aids in protection of superior sagittal (venous) sinus while the bone flap is being cut. D, Intracranial 
exposure. The frontal lobes have been retracted, and the dura has been incised, thereby leaving olfactory nerves and the margin of the dura to be resected en bloc, along with the cribriform plate and the ethmoid labyrinth (dotted line). The 
amount of dura and anterior cranial fossa floor resected depend on the extent of tumor. To enhance exposure and direct visualization, the supraorbital bar (dashed lines) may be included in the resected specimen; after resection margins have 
been verified, this portion of bone is detached from the tumor-bearing part of the specimen and replaced. 



 

Figure 164-15b E, Osteotomies as seen from transfacial exposure. Dashed lines illustrate bone cuts used for en bloc ethmoidectomy, which result in the obtaining of a specimen (bottom left). Dotted lines indicate additional osteotomies to be 
used when total maxillectomy (with or without orbital exenteration) is also performed, thereby resulting in the obtaining of a specimen (bottom right). In both cases, resection encompasses part of the anterior cranial fossa floor. The extent of 
anterior fossa floor resection varies and should be modified as required by the extent of tumor. F, Operative defect and preparation for closure. Large communication between the anterior cranial fossa and nasal cavity is closed by an inset of 
vascularized pericranial flap (shown here partially elevated from the galea). A dural defect created by resection of the olfactory nerves and surrounding dura has been closed with free graft of the pericranium taken from the posterior scalp 
(dotted lines). Frontal sinuses have been stripped of mucosa and filled with autogenous fat after obliterating the frontonasal ducts. G, Cranial base defect repaired. A pericranial flap has been turned intracranially to line the anterior cranial 
fossa floor. Release of the frontal lobe retraction and clamping of the spinal drain have allowed for the reexpansion of the brain and the obliteration of the epidural dead space. The frontal bone flap is replaced and secured, with care taken to 
avoid compression of the pericranial flap. H, Cutaway view of final closure, showing the position of the pericranial flap relative to the brain and the cranial base. (A through G adapted from Schramm VL: Craniofacial resection. In Sasaki 
CT, McCabe BF, Kirchner JA, editors: Surgery of the skull base. Philadelphia, 1984, JB Lippincott.) 

 

Figure 164-16 Basal subfrontal approach to the cranial base. A, Outlines of bifrontal craniotomy and bilateral orbital osteotomies. B, Surgeon's view from above after the removal of cranial and orbital bone segments. Olfactory nerves have 
been transected to allow for sufficient brain retraction for exposure of the anterior fossa floor and decompression of the optic nerves. The sphenoid sinus has been widely opened. (From Sekhar LN, Janecka IP: Intracranial extension of 
cranial base tumors and combined resection: the neurosurgical perspective. In Jackson CG: Surgery of skull base tumors. New York, 1991, Churchill Livingstone.) 

 



Figure 164-17a Subcranial approach to the anterior cranial base as described by Raveh.[65] [66] [67] A, Sagittal schematic showing the osteotomized frontonasal segment (FS), which is removed to allow access to deeper structures and then later 
replaced. B, Initial exposure afforded by the removal of the frontonasal bony segment; note the protection of the dura by a malleable retractor. 

 

Figure 164-17b C, Extent of exposure after lesion extirpation, with sphenoid sinus, sella, and orbital apices visible at the depth of the wound. Note that the bicoronal scalp flap has been elevated quite extensively along the lateral and medial 
orbital rims and nose to allow for the frontonasal osteotomies and the very low plane of access to the anterior cranial base while avoiding facial incisions (see text). (From Raveh and others: Subcranial extended anterior approach for skull 
base tumors: surgical procedure and reconstruction. In Donald P, editor: Surgery of the skull base. Philadelphia, 1998, Lippincott-Raven Publishers. With permission.) 

 

Figure 164-18 Compartments of the middle cranial base. The pathways of the internal carotid arteries as they traverse the middle cranial base region divide the region into one central and two lateral compartments. (From Krespi YP, Sisson 
GA: Transmandibular exposure of the skull base, Am J Surg 148:534, 1984.) 



 

TABLE 164-1 -- SURGICAL APPROACHES TO THE MIDDLE CRANIAL BASE: CENTRAL COMPARTMENT

 ANATOMIC AREAS ExPOSED

Approach SS Sella Clivus NP PPF Maxilla Ethmoid C spine ACB

Transseptal sphenoid + + - - - - - - -

Transethmoidal sphenoid + + - - - - + - +

Lateral rhinotomy + NR +/- + + + + - +

Transantral + + +/- + + + + - -

Midfacial degloving + + + + + + + - +

Le Fort I osteotomy + + + + + + +/- + -

Transpalatal + - + + - - - + -

Transoral - - + + - - - + -

Mandibulotomy - - + + - - - + -

Extended maxillotomy + +/- + + + + + + -

Midfacial split + + + + + + + + +

Intratemporal fossa + +/- + + + +/- - - -

Facial translocation + + + + + + + - +

SS, sphenoid sinus; NP, nasopharynx; PPF, pterygopalatine fossa; C spine, cervical spine; ACB, anterior cranial base; NR, not recommended; +/-, exposure possible but limited.
 
these approaches are used primarily for the management of extradural lesions along the skull base.

Although most central compartment approaches in the literature can give access to the sphenoid sinus, not all are suitable for pituitary or parasellar surgery because of indirect exposure or oblique angle of entry into the sinus, which increases 
the risk of injury to adjacent neurovascular structures. When lesions are limited to the sphenoid sinus or the pituitary fossa, the transethmoidal sphenoidotomy ( Figure 164-19a and Figure 164-19b )[51] and the transseptal sphenoidotomy 
( Figure 164-20 )[33] [69] are usually satisfactory, safe, and effective. These approaches are useful for obtaining biopsy specimens of more extensive lesions that involve that region. For larger lesions that involve adjacent areas, however, the 
exposure is inadequate, because the operative field is deep and narrow, thus requiring the use of the operating microscope in most cases.

With trends toward less-invasive surgical techniques, endoscopic procedures are gaining popularity as primary or adjuvant approaches in cranial base surgery. For tumors of the pituitary gland, endoscopic transnasal-transsphenoidal resection 
is another valuable option. Proponents of endoscopic pituitary surgery report fewer complications of facial swelling, septal perforations, nasal septal deviations or synechiae, and numbness of the upper incisors; they also report a shorter 
hospital stay.[10] [44] The surgery is performed under general anesthesia, with patient supine and the head elevated 10 degrees. In most cases the operation can be performed through one nostril, the choice of which depends on the width of the 
nasal cavity and the laterality of the pituitary tumor. The nose is decongested topically, and further vasoconstriction is achieved by infiltrating the mucosa over the rostrum of the sphenoid, the middle turbinate, and the posterior septum with 
lidocaine hydrochloride 1% with epinephrine 1:100,000. Using a rigid zero-degree endoscope, the sphenoid ostium is identified, and its position may be confirmed by the use of -arm fluoroscopy or image-guided navigation. The middle 
turbinate can be outfractured or removed to provide increased exposure to the sphenoid rostrum. The sphenoid ostia are identified and fractured inferomedially. Kerrison rongeurs or Hardy punches are used to widen the sphenoidotomy and 
to remove the sphenoid rostrum. The posterior septum may be 

 
Figure 164-19a Transethmoidal-transsphenoidal approach to the cranial base. A, Incision. 



 

Figure 164-19b B, Retraction of orbital contents exposes the ethmoid labyrinth. C, Axial section at the level of the ethmoid and sphenoid sinuses. Progressive removal of ethmoidal air cells allows for entry into the sphenoid sinus and 
pituitary fossa. (A and C from Sasaki CT: Pituitary ablation for carcinoma of the breast: transethmoidal approach to the sella, Otolaryngol Clin North Am 14:391, 1981. B from Kirchner JA: Transethmoidal approach to the sella. In Sasaki 
C, McCabe B, Kirchner J, editors: Surgery of the skull base. Philadelphia, 1984, JB Lippincott.) 

 

Figure 164-20 Transseptal-transsphenoidal approach to the cranial base. A, A sublabial incision is used to gain access to the premaxilla and to the nasal septum, which is exposed from the anterior nasal spine to the sphenoid rostrum in the 
subperichondrial-superiosteal plane. B, Lateral view of exposed area, showing a self-retaining speculum in position at the sphenoid rostrum. C, Sphenoid sinus is opened. A transseptal-transsphenoidal approach may be used for pituitary 
fossa surgery, for the removal of limited lesions of sphenoid region, or for the biopsy of tumors that involve the area. (From Sasaki CT: Transseptal-transsphenoidal approach to the sella. In Sasaki CT, McCabe BF, Kirchner JA, editors: 
Surgery of the skull base. Philadelphia, 1984, JB Lippincott.) 

 

Figure 164-21 A, Endoscopic view of the sphenoid sinus after the completion of anterior sphenoidotomy and resection of the sphenoidal septum. B, View with a zero-degree endoscope reveals the carotico-optic recesses, carotid 
protuberances, and clival indentation to and the anterior wall of the sella (left). View with a 30-degree endoscope provides a better panoramic view of the optic protuberances, the carotico-optic recesses, the carotid protuberances, and the 
upper portion of the anterior wall of the sella (right). (From Jho H-D, Carrau RL, Ko Y: Endoscopic pituitary surgery. In Neurosurgical operative atlas, vol 5, Philadelphia, 1996, WB Saunders. Copyright by the American Association of 
Neurological Surgeons.) 



 

Figure 164-22 A, Sagittal view of the sella. B, 30-degree endoscopic view of the suprasellar tumor. The suprasellar portion of the tumor is removed with a curved suction cannula beginning around the edge of the diaphragma sella 
circumferentially and heading toward the center of the tumor gradually. The healthy pituitary gland tissue is preserved, if possible. C, The arachnoid membrane will herniate down gradually when the suprasellar portion of the tumor has been 
completely removed. The center of the flower-shaped arachnoid membrane will be the pituitary stalk. Any healthy-looking pituitary gland tissue is preserved. When the 30-degree angled endoscope placed inside the sella is rotated, it will 
reveal the suprasellar region superiorly, the lateral wall of the sella laterally, and the floor of the sella inferiorly. Residual tumor is removed from all corners by rotating the 30-degree endoscope. (From Jho H-D, Carrau RL, Ko Y: 
Endoscopic pituitary surgery. In Neurosurgical operative atlas, vol 5, Philadelphia, 1996, WB Saunders. Copyright by the American Association of Neurological Surgeons.) 



 

Figure 164-23 Lateral rhinotomy. Top left, Incision and soft tissue exposure followed by maxillary antrostomy. Top right, Osteotomies of the orbit and maxilla. Bottom, 1, Anterior and 2 and 3, sagittal views of posterior osteotomies and soft-
tissue cuts to remove medial portions of the orbit and maxilla. Such exposure can provide access to the face of the sphenoid, nasopharynx, pterygopalatine fossa, and ethmoid regions. (From Schramm VL, Myers EN: Lateral rhinotomy, 
Laryngoscope 88:1042, 1978.) 

 

Figure 164-24 Transantral (transantrosphenoidal) approach to the cranial base as used for hypophysectomy. A, Nearsagittal section through the skull base and midface showing surgical route to the sphenoid region via the maxillary antrum. 
B, Oblique section in plane of the dotted line shown in A demonstrating the relationship between the maxillary sinus, the ethmoid air cells, and the sphenoid sinus. C, Partial medial maxillectomy performed to facilitate access. D, 
Ethmoidectomy and removal of the anterior wall of the sphenoid sinus. E, Exposure within the sphenoid sinus and pituitary fossa after partial submucous resection of the nasal septum. (From Hamberger CA and others: 
Transantrosphenoidal hypophysectomy, Arch Otolaryngol 74:2, 1961.) 

 

Figure 164-25 Midfacial degloving approach. Intranasal and sublabial incisions are used to elevate skin and soft tissues from the anterior facial skeleton (degloving). Subsequent bone removal and skull base exposure are similar to that 
shown for lateral rhinotomy, with an added benefit of bilateral access. (From Casson PR, Bonanno PC, Converse JM: The midface degloving procedure, Plast Reconstr Surg 53:102, 1974.) 



 

Figure 164-26 Le Forte I osteotomy approach. A, Lateral view of proposed osteotomy site just above the level of the nasal floor. B and C, Incisions and bony cuts along the anterolateral maxillary surface. D, Separation of the nasal septum 
with an osteotome. E, Separation of the maxilla from the pterygoid plate with a curved osteotome. F, Down fracture of the maxilla to allow access to the maxillary sinuses, nasopharynx, and adjacent skull base. (From Bell WH: Le Forte I 
osteotomy for correction of maxillary deformities, J Oral Surg 33:412, 1975.) 

 

Figure 164-27 Mandibulotomy or transmandibular approach to the cranial base. A, Incision. B, Identification of major vessels and nerves in the neck. C, Paramedian mandibulotomy and intraoral incisions of the gingivolingual and palatal 
areas. D, After retraction of the mandible, tongue, and suprahyoid structures, major vessels may be dissected up to the skull base. Hard and soft palates are displaced to expose the nasopharynx and clivus, and upper cervical vertebrae are 
likewise accessible. Such an approach is useful for the management of tumors of the parapharyngeal space and the craniocervical junction. (From Krespi YP, Cusumano RJ: Transpalatal and transmandibular approaches to the skull base. In 
Jackson CG, editor: Surgery of skull base tumors, New York, 1991, Churchill Livingston, p 185–193.) 



 

Figure 164-28 Transpalatal approach to the cranial base. A, A U-shaped incision has been made in the palatal mucoperiosteum, which has been elevated with care taken to preserve the greater palatine arteries bilaterally. The posterior 
portion of the bone of the hard palate has been removed to expose the nasal cavity and the tumor within. B, Sagittal view of the exposure obtained with a transpalatal approach. (From Jenkins HA, Canalis RF: Transpalatal approach to the 
skull base. In Sasaki CT, McCabe BF, Kirchner JA, editors: Surgery of the skull base. Philadelphia, 1984, JB Lippincott.) 

 

Figure 164-29 Transoral approach to the cranial base, showing access to the craniocervical junction through the open mouth, with retraction of the soft palate. Stippled area represents a tumor of the clivus, with concomitant compression of 
the brainstem. (From Crockard HA, Bradford R: Transoral transclival removal of a schwannoma anterior to the craniocervical junction. Case report, J Neurosurg 62:293, 1985.) 

 

Figure 164-30 Extended maxillotomy; subtotal maxillectomy approach to the cranial base. A, Maxillectomy variation. Modified Weber-Fergusson incision followed by osteotomies to remove the hemimaxilla: a, Masseter muscle divided; b, 
coronoidectomy defect; c, lateral pterygoid plate. B, Maxillectomy, defect: a, maxillary roof; b, infratemporal fossa; c, sinonasal defect; d, nasal septum; e, clivus tumor; f, C1 vertebra; g, lateral pharyngeal wall; h, pharyngeal wall incision; i, 
mucoperiosteum of hard palate; j, soft palate. C, Maxillotomy variation in which the hemimaxilla (j) is preserved but temporarily translocated, based on mucoperiosteum of the hard palate. Exposure is otherwise similar to that shown for 
maxillectomy. D, Temporalis muscle transferred into operative defect for reconstruction: a, sinonasal defect; b, fat graft; c, temporalis muscle flap; d, mucoperiosteum of hard palate; e, occipital condyle. E, Closure of the oral cavity and lip 
after subtotal maxillectomy. (From Cocke EW and others: The extended maxillotomy and subtotal maxillectomy for excision of skull base tumors, Arch Otolaryngol Head Neck Surg 116:92, 1990.) 



 

Figure 164-31 Midfacial split approach to the cranial base. A, Incisions. Horizontal incision across the nasion allows access to the upper orbits. Midline nasal incision divides skin and separates upper and lower lateral cartilage to expose 
septum; it is carried inferiorly along one side of the philtrum, splitting the upper lip. Gingivolabial incision (dotted line) facilitates exposure of the maxilla bilaterally. B, Partially developed facial soft-tissue flaps, with attached nasal 
cartilages. C, Soft-tissue flaps fully developed and reflected laterally to expose the orbitonasomaxillary skeleton. Proposed osteotomy sites indicated by dotted lines. D, Midfacial exposure after osteotomies and temporary removal of bone 
segments, including portions of the medial and inferior orbital walls, the anterior maxilla, and the nasal bones. When necessary, osteotomies may also include the hard palate, which gives additional access to the oropharynx, the nasopharynx, 
and the clivus. In this example, tumor fills the posterior nasal cavity and nasopharynx and extends into the sphenoid sinus. E, After the removal of the tumor, which included the nasal septum, the medial maxillae, and the sphenoid rostrum. 
F, Final closure. Orbitonasomaxillary bone segments are replaced and secured using microplates, and soft tissues are primarily repaired. Adhesive strips are applied, and silicone nasal stents are used for 1 week postoperatively. 



 

Figure 164-32 Infratemporal approach to the cranial base. A, Areas of the skull base accessible by each of the variations of the infratemporal approach: a, jugular foramen and petrous apex; b, clivus; c, parasellar and parasphenoid 
compartments. B, Postauricular incision with extensions into the scalp and neck. Sternocleidomastoid and digastric muscles have been divided at the mastoid tip, thereby allowing access to the carotid artery and the internal jugular vein. The 
facial nerve has been identified extratemporally. The external auditory canal has been closed by turning the musculoperiosteal flap. C, Radical mastoidectomy has exposed the sigmoid sinus (which has been ligated) and the middle fossa 
dura. The tympanic membrane and ossicles have been removed. The facial nerve has been unroofed and transposed anteriorly. By progressive drilling, the internal carotid artery can be traced distally through its petrous course to reach the 
cavernous sinus. Similarly, additional bone removal anteriorly will allow access to the parasellar region and the nasopharynx. (From Fisch U, Pillsbury HC, Sasaki CT: Infratemporal approach to the skull base. In Sasaki C, McCabe B, 
Kirchner J, editors: Surgery of the skull base, Philadelphia, 1984, JB Lippincott.) 

 

Figure 164-33 Lateral facial approach to the cranial base. A, A temporal and preauricular incision is used to expose the temporalis muscle and the zygomatic arch. The zygoma is sectioned to allow access to the insertion of the temporalis at 
the coronoid process. The frontal branch of the facial nerve is preserved within the skin flap. B, With the temporalis muscle retracted, the greater wing of the sphenoid is partially removed (subtemporal craniectomy). Retraction of the 
temporal lobe dura reveals branches of the trigeminal nerve and attachment of the pterygoid plate at the base of the sphenoid bone. C, Division of the maxillary nerve (V2) and resection of the pterygoid plate expose the nasopharynx. (From 
Gates GA: The lateral facial approach to the nasopharynx and infratemporal fossa, Otolaryngol Head Neck Surg 99:321, 1988.) 



 

Figure 164-34 Lateral transtemporal sphenoid approach to the cranial base. A, Incision. B, Retraction of the temporalis muscle to expose the greater wing of the sphenoid. This muscle should be preserved intact and reflected inferiorly if 
muscle flap reconstruction of a skull base defect is anticipated. The zygomatic arch has been temporarily removed. C, Subtemporal craniectomy exposes the orbital apex and the floor of the middle cranial fossa. (From Holliday MJ: Lateral 
transtemporal-sphenoid approach to the skull base, Ear Nose Throat J 65:153, 1986.) 



 

Figure 164-35 Subtemporal-preauricular and infratemporal approach to the cranial base. A, Initial exposure. Distal branches of the facial nerve are for demonstration only; in most cases they are not dissected. The frontal branch is included 
with the skin flap and retracted inferiorly. B, The temporalis muscle has been reflected inferiorly (bottom left) after temporarily removing the zygomatic arch; the mandibular condyle has been resected, and a subtemporal craniectomy has 
been performed. After dividing the styloid complex, the carotid artery is traced distally through part of its course within the temporal bone to separate it from the tumor. The facial nerve need not be transposed, and the conducting mechanism 
of the middle ear remains undisturbed in this approach. C, Progressive dissection exposes the clivus, the sphenoid sinus, the superior orbital fissure, and the adjacent neural and vascular structures. (From Sekhar LN, Janecka IP: Intracranial 
extension of cranial base tumors and combined resection: the neurosurgical perspective. In Jackson CG, editor: Surgery of skull base tumors. New York, 1991, Churchill Livingstone.) 

 

Figure 164-36 Facial translocation approach to the cranial base. A, Incisions. Infraorbital portion of an incision is made in the inferior fornix of the conjunctiva. The lip-splitting portion may be omitted in many cases in which low maxillary 
exposure is not needed. B, Facial soft-tissue flaps fully developed and reflected to expose the craniofacial skeleton. C, Outline of osteotomies of the orbitozygomaticomaxillary skeleton. D, Exposure after temporary removal (translocation) 
of the orbitozygomaticomaxillary segment. E, Inferior reflection of the temporalis muscle—enhanced by outfracture of the coronoid process—gives access to the pterygoid region and the nasopharynx. F, Subtemporal craniectomy allows for 
exposure of the middle fossa floor, the sphenoid sinus, and the adjacent neural and vascular structures. (From Janecka IP and others: Facial translocation: new approach to cranial base, Otolaryngol Head Neck Surg 103:413, 1990.) 



 

TABLE 164-2 -- NONNEUROLOGIC COMPLICATIONS IN CRANIAL BASE SURGERY

Type of Complication Examples

Cardiovascular Myocardial infarction

 Hypotension

 Congestive heart failure

Respiratory Pulmonary embolism

 Pneumonia

 Aspiration

 Respiratory distress syndrome

 Pulmonary edema

Hematologic Posttransfusion coagulopathy

 Anemia

 Deep venous thrombosis

Renal Acute tubular necrosis

 Drug-induced nephropathies

Infectious Pneumonia



 Sepsis

 Thrombophlebitis

 Wound infections

 Viral hepatitis

 Urinary tract infections

Gastrointestinal Malnutrition

 Stress ulcer

 Gastrointestinal bleeding

Metabolic Derangements of serum sodium, potassium, calcium, phosphorus, magnesium, and other minerals

Endocrine Diabetes insipidus

 Syndrome of inappropriate antidiuretic hormone

 Hypopituitarism

Hepatic Drug-induced hepatitis

 Cholestasis
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patients benefit from these invasive procedures. A recent review of the past 40 years of cranial base surgery for carcinomas and sarcomas provided some insight into the answer to this question.[61] Three general eras of major advancement in 
the field were reviewed for survival outcomes and trends in morbidity.

From the 1960s to the 1970s, surgical pioneers achieved 3- and 5-year survivals of 52% and 49%, respectively. The application of skull base approaches was limited, and tumors were designated as inoperable if they extended intracranially 
or into the pterygopalatine fossa. Morbidity was relatively high, with overall infection rates of 54% and CSF leaks occurring in 31% of cases. From the 1970s to the 1980s, the number of cranial base cases and the number of surgeons 
performing these cases increased. The major advancement was that patients with tumors that were previously designated as inoperable underwent attempts at complete tumor resection. Reports included tumors that extended intracranially 
and intracerebrally and into the pterygopalatine fossa. The 3-year survivals rose slightly from 57% to 59%, with only limited reports of 5-year survival in the range of 49%. Infection rates ranged from 4% to 48%, but the incidence of CSF 
leaks dropped from 3% to 19%. From the 1980s to the 1990s, a multispecialty approach to cranial base surgery was introduced. Complications dropped significantly, with infection rates ranging from 0% to 28% and CSF leaks diminishing 
from 2% to 4%. Another significant factor is that local disease control improved greatly. The 3-year survival increased from 67% to 74%, and 5-year survival increased from 56% to 70%.[61] 

Although reports in the literature are encouraging,[4] [62] [77] a need for controlled investigations and prospective clinical trials remains. This undertaking will prove very difficult. Unlike head and neck cancer, in which most cases are squamous 
cell carcinoma, cranial base tumors are less common and more varied in histologic type. Compounding the problem of broad histologic variation is the lack of uniformity of location and patterns of invasion of tumors in this complex 
anatomic region. When taking these factors into consideration, investigations with adequate patient numbers to accurately reflect outcomes become nearly impossible. Multiinstitutional studies may be required to circumvent these difficulties 
and to provide important information about the value of cranial base surgery. Such collaborative efforts may help establish the consistent use of primary and adjuvant therapies for tumors of the cranial base.
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Chapter 165 - EXTRA-AXIAL NEOPLASM OF THE POSTERIOR FOSSA

Derald E. Brackmann 
Moisés A. Arriaga 

INTRODUCTION

With the evolution of advanced audiovestibular testing, sensitive imaging technologies, and modern skull base surgical teams, diagnosis and management of extra-axial posterior fossa neoplasms is a consideration in the daily practice of 
otolaryngology. This chapter reviews diagnostic issues and surgical management.

DIFFERENTIAL DIAGNOSIS OF NEOPLASMS OF THE POSTERIOR FOSSA

Cerebellopontine angle (CPA) lesions are the predominant skull base neoplasms that affect the posterior fossa. Although acoustic neuromas (ANs) account for most primary neoplasms, many other lesions should be considered in the 
differential diagnosis. Improved diagnostic capabilities facilitate routine diagnosis of tumors smaller than were previously detectable.

Posterior fossa skull base neoplasms may be grouped into common CPA lesions (including internal auditory canal [IAC] lesions), petrous apex lesions, rare CPA lesions, and intra-axial lesions. This section describes the signs, symptoms, 
and diagnostic procedures in the differential diagnosis of the tumors within the described categories ( Box 165-1 ).

COMMON CEREBELLOPONTINE ANGLE NEOPLASMS

In published series of CPA neoplasms, ANs are the most common tumors, accounting for more than 90%. The remaining primary tumors were meningiomas (3%), primary cholesteatomas (2.5%), and facial nerve schwannomas (1%), with 
less common tumors composing the remaining lesions.[15] When secondary tumors are also considered, paragangliomas constitute up to 10% of CPA neoplasms.[71] 

Acoustic Neuroma

AN refers to a benign schwannoma of the eighth nerve. These lesions are relatively common and constitute 8% to 10% of all intracranial tumors. ANs arise principally from the vestibular division of the nerve. The superior and inferior 
divisions are equally affected.[44] The 1992 National Institutes of Health Consensus Conference made vestibular schwannoma the official nomenclature for these lesions. ANs are slowly growing neoplasms that originate in the nerve sheath 
and consist of schwannoma cells in a collagenous matrix. They are typically circumscribed, grossly encroaching on and displacing neural structures without direct invasion. Their consistency varies from firm and dense to soft with large 
cystic spaces.

In the past it was taught that ANs usually arise near the myelin-glial junction near the porus acoustics. However, no published histopathologic study has confirmed this assertion. These lesions usually arise within the IAC; however, they 
occasionally develop in the CPA medial to the porus. Because ANs produce symptoms by exerting pressure on surrounding neurovascular structures, auditory and vestibular symptoms develop earlier with tumors of the IAC than with tumors 
of the CPA.



Of the 2000 to 3000 ANs diagnosed annually in the United States, more than 95% occur as unilateral and nonhereditary lesions. The remaining ANs are manifestations of the neurofibromatoses, which consist of at least two distinct genetic 
disorders.

Neurofibromatosis (NF) type 1 (von Recklinghausen's disease) is a relatively common autosomal dominant disorder with variable penetrance and an incidence of 1 in 4000 live births. The gene responsible for NF type 1 is localized to 
chromosome 17. NF type 1 neuromas occur throughout the body, arising both intracranially and extracranially from the Schwann cells of any nerve; however, fewer than 5% of patients develop ANs, and bilateral AN is not a part of the 
syndrome.

NF type 2 is the central form of NF characterized by bilateral AN in up to 96% of patients. Schwannomas of
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the other cranial nerves, meningiomas, and ependymomas are also observed much more commonly in patients with NF type 2. The precise frequency of NF type 2 is unknown, but it is far less frequent than NF type 1. The gene responsible 
for the condition encodes a membrane protein (merlin or schwannomin) and is located on chromosome 22. ANs in NF type 2 are characterized by an onset early in life, often before the age of 21 years, as opposed to unilateral lesions, most of 
which occur between 40 and 60 years of age. Thus, ANs appearing before the age of 30 years mandate particularly close evaluation of the contralateral ear. Although the ANs in NF types 1 and 2 resemble the lesions in nonhereditary ANs, 
they are technically more challenging to remove because of a tendency to adhere to nearby structures. The clinical presentation of AN in NF is identical to that of unilateral AN.

 
 

Box 165-1. DIFFERENTIAL DIAGNOSIS OF SKULL BASE NEOPLASMS INVOLVING THE POSTERIOR 
FOSSA

 
Common Cerebellopontine Lesions 

Acoustic neuroma 
 
Meningioma 
 
Epidermoid 
 
Nonacoustic neuroma 
 
Paraganglioma 
 
Arachnoid cyst 
 
Hemangioma 
 

 
Petrous Apex Lesions 

Cholesterol granuloma 
 
Epidermoid 
 
Asymmetric pneumatization 
 
Retained mucus or mucocele 
 
Petrous carotid artery aneurysm 
 

 
Uncommon Cerebellopontine Lesions 

Metastatic tumor 
 
Lipoma 
 
Dermoid 
 
Teratoma 
 



Chordoma 
 
Chondrosarcoma 
 
Giant cell tumor 
 

 
Intra-Axial Tumors 

Hemangioblastoma 
 
Medulloblastoma 
 
Astrocytoma 
 
Glioma 
 
Fourth ventricle tumor 
 

 
 
Malignant schwannomas may rarely occur. They are often associated with NF, but they may also occur with solitary schwannomas. Another very uncommon variant is a pigmented schwannoma.[16] 

Natural History

The growth rate of ANs is extremely variable. They are generally slow-growing, with average growth rates of 0.2 cm per year; however, growth rates in excess of 2 cm per year have been documented. ANs that are not treated are potentially 
lethal. Gradual enlargement can occur, leading to indentation of the brainstem, increased intracranial pressure, and death during a course of 5 to 15 years.[38] 

Growth of ANs generally occurs in three phases: IAC, cisternal, and brainstem compression ( Figure 165-1 , Figure 165-2 , and Figure 165-3 ). IAC growth results in acoustic and facial nerve compression and attenuation. Displacement of 
the seventh nerve, acoustic nerve, and anterior inferior cerebellar artery (AICA) occurs just medial to the porus acoustics (cisternal portion). Medial tumor growth augments the blood supply of the tumor with bridging vessels from the 
brainstem surface. Fourth ventricle shift often occurs when the CPA component reaches 2 to 3 cm and total ventricle obstruction with resulting hydrocephalus occurs with continued tumor growth. Trigeminal compression occurs at about the 
3-cm stage, which permits the superior portion of the tumor to abut the fifth nerve. Massive tumor growth with hydrocephalus, brainstem compression, and cerebellar tonsil herniation may occur even with modern imaging. The 
otolaryngologist should remain vigilant for signs and symptoms suggestive of retrocochlear pathology.

 
Figure 165-1 Axial T2-weighted fast-spin echo magnetic resonance imaging shows a 5-mm intracanalicular tumor on the left. 

 

Figure 165-2 A medium-sized vestibular schwannoma. A and B, T1-weighted images before and after gadolinium enhancement. The tumor in the right IAC, which is mushrooming into the CPA and enlarging the canal, is isointense to 
mildly hypointense to the cerebellum, and enhances markedly to contrast. C and D, T2-weighted and constructive interference in steady-state (CISS) images. The tumor is moderately hyperintense on the T2-weighted images. CISS images 
precisely demonstrate the cochlea, cystic, and calcified components of the tumor and surrounding vascular structures. E, CT bone windows. Note the enlargement of the IAC. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone 
tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 



 

Figure 165-3 Unenhanced coronal T1 magnetic resonance imaging of a large acoustic neuroma with hydrocephalus, brainstem shift, and cerebellar tonsil herniation. 

 

TABLE 165-1 -- COMPUTED TOMOGRAPHY OR MAGNETIC RESONANCE IMAGING DIFFERENTIAL DIAGNOSIS OF CEREBELLOPONTINE LESIONS

Location Incidence Type

Extra-axial Most common Acoustic neuroma



 Common Meningioma

 Common Epidermoid (and other cysts: arachnoid, cysticercal, dermoid)

 Rare Nonacoustic neuromas (V, VII, IX, X, XI, XII)

 Rare Vascular lesions (loops, aneurysms, malformations)

Extradural Common Paraganglioma (glomus jugulare, vagale)

 Rare Bone lesions (benign or malignant; primary or metastatic)

Intra-axial Rare Astrocytoma, ependymoma, papilloma, hemangioblastoma, metastasis

Adapted from Lo WM: Tumors of the temporal bone and cerebellopontine angle. In Som PM, Bergeron RT, editors: Head and neck imaging, St Louis, 1991, Mosby.
 
 

TABLE 165-2 -- IMAGING FEATURES OF THE THREE MOST COMMON CEREBELLOPONTINE ANGLE LESIONS

Feature Acoustic Neuroma Meningiomas Epidermoids

Location Centered on the internal auditory canal Eccentric to the internal auditory canal Anterolateral or posterolateral to brainstem

Bone changes Most enlarge the internal auditory canal Occasional hyperostosis Occasional erosion

Shape Spherical or ovoid, acute bone-tumor angle Hemispherical, rarely plaquelike, may herniate through 
tentorium, obtuse bone tumor angle

Variable—tends to dumbbell into middle fossa or contralateral 
cerebellopontine angle

Computed tomography density Mostly isodense Slightly hypodense, some calcified Mostly hypodense, occasional peripheral calcium

Computed tomography enhancement Moderate to marked, often inhomogeneous Marked and homogeneous Nonenhancing

T1 magnetic resonance imaging Isointense or hypointense Isointense or hypointense Hypointense

Gadolinium enhancement Marked Moderate Nonenhancing

T2 magnetic resonance imaging Isointense or hypointense Variable Hyperintense

Adapted from Lo WM: Tumors of the temporal bone and cerebellopontine angle. In Som PM, Bergeron RT, editors: Head and neck imaging, St Louis, 1991, Mosby.
 
incidence (rare or common) ( Table 165-1 ). In adults and teenagers, ANs, meningiomas, and epidermoids are the three most common lesions. ANs are very rare in children. Instead, brainstem gliomas (which can enlarge the IAC) are the 
most common CPA lesion in younger children.[62] Distinguishing among the three most common CPA lesions is based on specific imaging characteristics on CT and MRI ( Table 165-2 ).

Although CT revolutionized the diagnosis of CPA tumors, Gd-contrast MRI is sensitive and specific for
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AN and is the diagnostic imaging technique of choice in the evaluation of AN and other CPA lesions ( Figure 165-2 ). [57] AN images on MRI are isointense or mildly hypointense to brain on T1 images and mildly hyperintense to brain on T2 
images.[50] MRI for possible AN should be performed with intravenous contrast. Gadolinium increases the diagnostic sensitivity of MRI on T1-weighted images, and lesions as small as 3 mm have been reported.[57] In addition to improving 
sensitivity in diagnosing ANs, MRI is noninvasive, and the patient receives no radiation.

Before MRI, CT was the principal study for CPA lesions. Now the role of CT is to provide adjunctive information regarding the osseous structures surrounding a CPA lesion. It also can be the primary imaging modality in patients who 
cannot undergo MRI because of medical reasons (e.g., cardiac pacemaker or cochlear implant) or unmanageable phobic reactions. The CT finding characteristic of an acoustic tumor is an ovoid lesion centered on the IAC with moderate 
enhancing qualities. The tumor is often not homogeneous, exhibiting areas of lesser and greater enhancement. Approximately 85% of ANs show acute angles at the bone-tumor interface, in contrast to meningiomas in which the interface is 
obtuse in 75% of tumors.[50] 

Intravenous contrast CT can fail to detect ANs smaller than 1.5 cm. Oxygen cisternography was used to diagnose small, mainly intracanalicular lesions. In this technique, 4 mL of oxygen were injected into the subarachnoid space through a 
lumbar puncture to highlight the structures of the IAC. This technique was very sensitive for small lesions; however, it was limited by a false-positive rate of 5% and the need for a lumbar puncture.[10] 

The improved availability of MRI has led to the development of MRI-based IAC screening protocols, which in many centers are of comparable cost to ABR-based IAC screening.[18] Special T2 fast-spin echo sequences may achieve the 
accuracy of T1 with gadolinium without the need for contrast (see Figure 165-1 ). [65] Although the software for these special sequences is not generally available, this technique is very encouraging.

MENINGIOMAS

Meningiomas represent up to 18% of all intracranial tumors and approximately 3% of CPA tumors.[58] The cells lining the arachnoid villae are the cells of origin. These cells are distributed throughout the intracranial space predominantly in 
relation to veins and dural sinuses. Meningiomas are benign but locally aggressive tumors, which occur at different anatomic sites in the following order of frequency: parasagittal region, falx, convexity, olfactory groove, tuberculum sellae, 
sphenoid ridge, petrous face (CPA), tentorium, lateral ventricle, clivus, and others.[47] 

The gross appearance is typically a globular mass that is firmly adherent to the dura mater, with characteristic speckles scattered throughout the tumor that correspond to the microscopic psammoma bodies. The tumor displaces but does not 
invade adjacent neural tissue and has a thin investing capsule. Meningiomas can invade bone without destruction by extension along Haversion canals. Adjacent bone is hyperostotic in 25% of cases.[47] 



Many histopathologic classifications have been proposed, but a single, widely used system distinguishes among syncytial, transitional, fibrous, angioblastic, and sarcomatous types.[26] The specific histopathologies and growth characteristics 
are reviewed elsewhere.[59] In the posterior fossa, meningiomas usually arise on the posterior surface of the petrous bone, away from or at the edge of the IAC, or along the sigmoid sinus. Because they usually arise outside of the IAC, they 
may become large before producing signs and symptoms of CN VIII compression. Most eventually involve CN VIII.

Signs and Symptoms

Audiovestibular symptoms are usually the first indication of a posterior fossa meningioma. Among patients presenting to neurosurgeons, a higher proportion first experienced trigeminal symptoms.[63] The signs and symptoms of meningiomas 
are similar to those of ANs. Small tumors produce hearing loss, tinnitus, and imbalance. Larger tumors also produce signs and symptoms of other cranial nerve involvement and hydrocephalus.

Diagnostic Studies

Audiovestibular Testing

It is impossible to distinguish ANs from meningiomas on the basis of audiovestibular testing. As meningiomas cause CN VIII compression, auditory and vestibular tests become abnormal in a similar pattern with ANs. Because meningiomas 
usually do not arise within the IAC, the sensitivity of audiometric and vestibular testing is lower with meningiomas than ANs. For instance, only 75% of patients with meningiomas have an abnormal ABR.

Imaging

Table 165-2 summarizes features of meningiomas that assist in differentiating them from ANs. Unlike ANs, meningiomas are usually eccentric to the porous. Whereas ANs seldom herniate into the middle fossa, about 60% of meningiomas 
extend to the middle fossa. [50] Meningiomas are usually hemispheric because of their broad-based attachment to the posterior
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petrous wall, accounting for the obtuse bone-tumor angles in 75% of meningiomas. Unlike the site of origin of ANs, that of posterior fossa meningiomas is varied ( Figure 165-4 and Figure 165-5 ).

On CT, approximately two-thirds of meningiomas are hyperintense relative to the brain. Unlike ANs, meningiomas are homogeneous and occasionally calcified. They show homogeneous enhancement with iodine infusion, which usually 
permits differentiation from ANs. Hyperostosis of adjacent bone is infrequent but characteristic of meningiomas when present.

On MRI, meningiomas are of extremely variable intensity on T2 images and isointense or slightly hypointense to brain on T1 images. The different signal intensities among meningiomas correspond to different histopathologic subtypes. [25] 
Surface flow voids 

 
Figure 165-4 CPA meningioma with classic features on MRI and CT. A, Postgadolinium T1-weighted image. The tumor is eccentric to the IAC and broad dural based, with obtuse angles where the tumor meets bone. This hemispherical 
tumor shows uniform enhancement. Note the lack of IAC involvement. B, T2-weighted image. The tumor is homogenously isointense to gray matter. C, CT bone windows. The tumor shows extensive hyperostosis underlying the dural base. 
(From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 

 



Figure 165-5 CPA meningioma with intracanalicular extension. A, Postgadolinium T1-weighted image. Typical hemispherical tumor with intracanalicular extension. The dural tail of the tumor extending posteriorly is best seen on 
postgadolinium images. B, T2-weighted image demonstrates the CSF spaces and clefts surrounding the tumor. C, CISS image. The IAC extension and margins of the tumor are better delineated on CISS images than on T2-weighted images. 
(From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 

 

Figure 165-6a CPA epidermoid. A and B, T1-weighted axial and sagittal images after gadolinium administration. The CPA mass extending to the prepontine cistern is isointense to CSF and shows no enhancement. 

 

Figure 165-6b C, T2-weighted image. The tumor, with irregular, cauliflower-like margins, is isointense to CSF, as in T1-weighted images, and is compressing the fourth ventricle. The IAC is normal. D, FLAIR image. In this sequence the 
epidermoid has heterogeneous hyperintense foci, enabling differentiation of an epidermoid from an arachnoid cyst in this case. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som 
PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 



 

Figure 165-7a CPA arachnoid cyst. A, T1-weighted image. B, T2-weighted image. 

 

Figure 165-7b C and D, T1-weighted coronal and axial images, respectively. The cyst is isointense to CSF on all sequences. It is homogeneous, with a smooth surface that can be helpful in differentiating it from an epidermoid. (From Maya 
MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 

 

Figure 165-8 IAC facial Schwannoma. A and B, Post-gadolinium T1-weighted and T2-weighted images. The patient presented with progressive sensorineural hearing loss and later developed facial palsy. The enhancing intracanalicular 
tumor is indistinguishable from an acoustic schwannoma. Note also the extension of the tumor to the geniculate ganglion. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, 
Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 



 

Figure 165-9 Cystic trigeminal schwannoma. A, T1-weighted image. B, Gadolinium T1-weighted image. The bulk of the tumor lies in the posterior fossa, with a small middle cranial fossa component enlarging the left Meckel's cave 
(arrow). Note the similarity of the tumor to an arachnoid cyst (see Figure 165-7a and Figure 165-7b ) on the noncontrast images (A and C). The tumor is nearly of CSF intensity because of the predominance of the intratumoral cystic 
components. (From Jackler RK, Brackmann DE, editors: Neurotology, St Louis, 1994, Mosby.) 

 

Figure 165-10 Jugular foramen schwannoma. A and B, Axial and coronal T1-weighted postgadolinium images. The large tumor in the left jugular fossa is extending inferiorly. It shows avid enhancement. C, T2-weighted coronal image 
depicts the extracranial portion of the tumor, which is hyperintense to gray matter. D, CT bone windows, coronal image. Expansion of the jugular foramen is symmetric, and the margins are well defined. (From Maya MM, Lo WWM, 
Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 



 

Figure 165-11 Glomus jugulare tumor CT. A, Axial image shows demineralization of the bony margins of the jugular foramen on the right side (black arrows). There is demineralization of the fine cortical line usually demonstrated along 
the lateral aspect of the vascular portion of the jugular foramen. Compare with intact cortical plate on the opposite side (white arrow). Note the demineralization of the bony wall separating the carotid canal from the jugular foramen. B, 
Blown-up axial image shows the demineralization of the lateral cortical plate (arrowhead), as well as slight demineralization of the bony plate between the carotid canal and the jugular foramen (white arrow). Note the proximity of the 
demineralized bone to the vertical section of the facial nerve canal (black arrow). C, Axial image enlarged through the normal side shows the intact white cortical line (arrow) along the lateral aspect of the jugular foramen. The integrity of 
this line essentially excludes a glomus jugulotympanic tumor. D, Coronal image shows demineralization of the margins (arrowheads), as well as the soft tissue of the intratympanic portion of the tumor (arrow). (From Maya MM, Lo WWM, 
Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 

 

Figure 165-12 Glomus jugulare tumor. Selective external carotid angiogram. The characteristically hypervascular tumor is supplied by the hypertrophic ascending pharyngeal artery (arrow). Note the early draining vein (arrowhead) seen 
during the midarterial phase. The differential diagnosis includes other hypervascular tumors such as metastatic hypernephroma, metastatic pheochromocytoma, and myeloma. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone 
tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 



 

Figure 165-13 Intratemporal vascular tumor in the region of the geniculate ganglion. A, CT image through the region of the geniculate ganglion shows expansion of the facial nerve (arrow). There is irregular bone extending medially toward 
the petrous apex (arrowhead). B, Slightly superior to A. There is demineralization in the region of the labyrinthine segment of the canal (black arrow). Note that the lesion (arrowheads) contains small spicules of bone. C, Coronal CT image 
shows the demineralized bone (arrows). The abnormality extends inferiorly to enlarge the FNC (arrowhead) and involve the facial nerve. D, Coronal T2-weighted image shows the relatively high signal (arrows) of the vascular lesion. The 
fluid within the cochlea (arrowhead) is noted for comparison and orientation. E, Coronal postcontrast gadolinium T1-weighted image shows the enhancement (arrows) of the lesion. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal 
bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 

 

TABLE 165-3 -- IMAGING FEATURES OF PETROUS APEX CYSTIC LESIONS

Features Cholesterol Granuloma Epidermoid Mucocele

Computed tomography density Isodense Hypodense Hypodense



T1 magnetic resonance imaging Hyperintense Hypointense Hypointense

Gadolinium Nonenhancing Nonenhancing Rim enhances, mass is nonenhancing

T2 magnetic resonance imaging Hyperintense Hyperintense Hyperintense

Borders of lesion Smooth Scalloped Smooth

Adapted from Lo WM: Tumors of the temporal bone and cerebellopontine angle. In Som PM, Bergeron RT, editors: Head and neck imaging, St Louis, 1991, Mosby.
 
cholesteatomas are the main lesions from which cholesterol granulomas should be distinguished. Cholesterol granulomas are much more common and occur 20 times more frequently than epidermoids. Overall, cholesterol granulomas are 
relatively uncommon compared with ANs. Only one cholesterol granuloma is identified for every 35 ANs diagnosed. Imaging distinguishes petrous apex epidermoids from petrous apex cholesterol granulomas. On CT, epidermoids show rim 
enhancement. With MRI, cholesterol granulomas are hyperintense on T1 and T2; whereas epidermoids are hyperintense only on T2.

Total excision of cholesterol granulomas is unnecessary. Drainage may be achieved by a transmastoid or transcanal infralabyrinthine approach with preservation of cranial nerve function. The transcanal, infracochlear, hypotympanotomy 
approach is preferred because it affords dependent drainage and the possibility of revision, if necessary, via a myringotomy.[31] In cases with unfavorable anatomy for infracochlear or infralabyrinthine drainage, middle fossa drainage is an 
option.

Asymmetric Petrous Apex Pneumatization

Although asymmetric pneumatization of the petrous apex does not represent a true neoplasm, this condition can be confused with and should be distinguished from true neoplasms. The fat content of bone marrow in a nonpneumatized 
petrous apex can produce a hyperintense image on a nonenhanced T1 MRI ( Figure 165-15 ). The lack of bone destruction or expansion on CT, absence of contrast enhancement with gadolinium, and hypointensity on T2-weighted images 
distinguish this finding from a neoplasm.

Mucocele and Mucous Retention Cysts

Petrous apex air cells may become obstructed, resulting in retained secretions as a mucous retention cyst in the petrous apex ( Figure 165-16 ) or an expansile mucocele ( Figure 165-17 ). CT reveals a nonenhancing
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Figure 165-14 Petrous apex cholesterol granuloma. A to C, T1-weighted, proton density, and T2-weighted images, respectively. The lesion is hyperintense on all three images. Note the hypointense rim medial to the lesion accentuated on B 
and C, attributable to a hemosiderin deposit or chemical shift artifact. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, 
Philadelphia, 2003, Mosby.) 

 

Figure 165-15 Axial T1 magnetic resonance imaging (A) and axial computed tomography (CT) (B) of asymmetric pneumatization of the petrous apex. Note that the hyperintense image on T1 could be confused with a neoplasm. The CT 
reveals extensive pneumatization on the contralateral side and limited pneumatization on the side of the hyperintense magnetic resonance imaging. 



 

Figure 165-16 Axial T2 magnetic resonance imaging (A) and axial computed tomography (CT) (B) of retained mucus in petrous apex air cells. Note that the mucus is hyperintense on T2 images, and the CT identifies fluid density within the 
petrous apex air cells. 

 

Figure 165-17 Axial T1 without gadolinium (A), T1 with gadolinium (B), and T2 magnetic resonance imaging (C) of a petrous apex mucocele. The lesion is hypointense on T1 and shows only rim enhancement with the addition of 
gadolinium. Note the hyperintense image of the mucocele on T2. D, Axial computed tomography. Note the expansile lesion has eroded the petrous apex. 

 

Figure 165-18 Axial T2 magnetic resonance imaging of a petrous carotid aneurysm. The lesion is heterogeneous and shows decreased signal intensity within the thrombus. The circumscribing areas of low signal (arrowheads) most likely 
represent hemosiderin. The lumen (long thin arrow) has intermediate signal as a result of slow flow as noted on the arteriogram (not shown) and is difficult to distinguish from thrombus. High-intensity fluid is seen in multiple mastoid air 



cells (short wide arrow). (From Tsuruda and others: MRI evaluation of large intracranial aneurysms using cine low flip angle gradient-refocused imaging, Am J Neuroradiol 9:418, 1988.) 

 

Figure 165-19 Axial computed tomography shows a large midline chordoma involving the petrous apex bilaterally. 

 

Figure 165-20 Unenhanced T1 axial magnetic resonance imaging of the same chordoma as in Figure 165-19 . 

 

Figure 165-21 Right petrous apex chondrosarcoma. A to C, Gadolinium T1-weighted images. The mass is markedly but inhomogeneously enhancing, with components containing small, poorly enhancing or nonenhancing foci in Meckel's 
cave (arrow in A) and in petrous apex (arrows in B), as well as involvement of the longus colli muscle and jugular fossa (arrows in C). Note the markedly enhancing transdural components in the posterior fossa and the dural tail in A and B. 
(From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 



 

Figure 165-22 Skull base chondrosarcoma. A and B, Axial T1-weighted pre- and post-gadolinium images. C, Axial T2-weighted images. D, Coronal T1-weighted image after gadolinium enhancement. (From Maya MM, Lo WWM, 
Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and imaging, ed 4, Philadelphia, 2003, Mosby.) 

 

Figure 165-23 Lipoma of the right IAC. A, T1-weighted image without gadolinium enhancement. B, Gadolinium enhanced T1-weighted image. The lipoma has high signal without gadolinium and does not change after contrast 
enhancement. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 



 

Figure 165-24 CPA lipoma. A and B, T1-weighted and fat-saturated postgadolinium images. The signal intensity of the tumor is similar to that of bone marrow. Note the signal loss of the tumor and fatty bone marrow on the fat-saturated 
images. There is no enhancement of the lesion. C, T2-weighted image. The lipoma is typically moderately hypointense, and is seen with surrounding signal-void vessels. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors 
and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 

 

Figure 165-25 CPA choroid plexus papilloma. Postcontrast CT scan. The tumor is located at the foramen of Luschka. It is more sharply defined than an ependymoma. Like a giant aneurysm, it is detached from the petrous bone, in contrast to 
Schwannomas and meningiomas. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 

 

Figure 165-26 CPA ependymoma. A and B, Pre- and post-gadolinium images. The mass protruding into the right CPA from the foramen of Luschka shows clear demarcation and strong enhancement. C, T2-weighted image. The tumor is 
hyperintense and does not extend into the IAC. (From Maya MM, Lo WWM, Kovanlikaya I: Temporal bone tumors and cerebellopontine angle lesions. In Som PM, Curtin HD: Head and neck imaging, ed 4, Philadelphia, 2003, Mosby.) 



 

TABLE 165-4 -- INDICATIONS, ADVANTAGES, AND DISADVANTAGES OF SURGICAL APPROACHES FOR RESECTION OF POSTERIOR FOSSA SKULL BASE NEOPLASMS

Approach Indications Advantages Disadvantages

Translabyrinthine Large, medium, or small cerebellopontine angle tumor Wide exposure not limited by tumor size, facial nerve identified at the 
cerebellopontine angle and fundus of the internal auditory canal, immediate 
repair of facial nerve is possible, bone removal is extradural, limited 
cerebellar retraction

Total hearing loss

Retrosigmoid (suboccipital) Cerebellopontine angle tumors without extensive internal 
auditory canal involvement

Hearing preservation possible, wide exposure, familiarity to most 
neurosurgeons

Internal auditory canal fundus not exposed in hearing 
preservation cases, cerebellar retraction may produce 
hydrocephalus, intradural drilling may result in severe 
headaches

Retrolabyrinthine Selected cerebellopontine angle lesions without internal 
auditory canal involvement, biopsy of cerebellopontine angle 
lesions

Hearing preservation possible, bone removal is extradural, no cerebellar 
retraction

Limited exposure

Transcochlear Extensive lesions of petrous apex and clivus Wide exposure of skull base with access to clivus, vertebral, and basilar 
arteries and full exposure of petrous carotid artery

Temporary facial nerve paralysis, total hearing loss

Transotic Same as transcochlear, some advocate use in acoustic 
neuromas with unfavorable venous anatomy

Same as transcochlear, no facial nerve transposition Facial nerve in the internal auditory canal and mastoid 
segments limits exposure, total hearing loss

Middle fossa Intracanalicular tumors with minimal cerebellopontine angle 
involvement and good hearing

Hearing preservation possible Small tumors only, temporal lobe retraction

Extended middle fossa Petroclival lesions involving posterior and middle fossa with 
good hearing

Hearing preservation possible Extensive temporal lobe retraction

Petrosal Large petroclival lesions with good residual hearing Widest posterior and middle fossa exposure available Cerebellar and temporal lobe retraction
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Figure 165-27 Surgical exposure in the translabyrinthine approach to the cerebellopontine angle (CPA). This approach permits direct access to the CPA without retraction of the cerebellum. 



 

Figure 165-28 Surgical exposure in the translabyrinthine approach to the cerebellopontine angle (CPA). This approach permits positive identification of the facial nerve in its bony canal at the fundus of the internal auditory canal and at the 
brainstem. Inset shows skin incision in relation to the CPA. 

 

Figure 165-29 Surgical exposure in the retrosigmoid approach to the cerebellopontine angle (CPA). This approach permits wide access to the CPA; however, the cerebellum is between the surgeon and the CPA. Thus cerebellar support 
(retraction) is required to permit complete visualization of the CPA. 



 

Figure 165-30 Surgical exposure in the retrosigmoid approach to the cerebellopontine angle (CPA). The mastoidectomy in conjunction with the retrosigmoid exposure permits anterior retraction of the sigmoid sinus, which improves anterior 
exposure. The mastoidectomy also allows positive identification of the posterior semicircular canal, which facilitates removal of the posterior lip of the internal auditory canal. Inset shows skin incision in relation to the CPA. 

 

Figure 165-31 A, Coronal: surgical exposure in the middle fossa approach to the cerebellopontine angle (CPA). A temporal craniotomy permits retraction of the temporal lobe and access to the floor of the middle fossa and internal auditory 
canal (IAC). B, Axial: surgical exposure in the middle fossa approach to the CPA. The shaded area indicates the area of bone removal on the floor of the middle fossa. Note that although wider exposure is possible at the porus, limited space 
is available between the cochlea and the superior semicircular canal as the surgeon approaches the fundus of the IAC. 



 

Figure 165-32 A, Skin incision for the middle fossa approach. Although the traditional vertical incision is used in middle fossa facial nerve decompression, the larger flap facilitates bony exposure for tumor removal. B, Surgeon's view of the 
internal auditory canal (IAC) via the middle fossa approach. Note the temporal lobe retractor in position. The proximity of the cochlea, labyrinth, and labyrinthine portion of the facial nerve at the fundus of the IAC requires precise 
identification of anatomic landmarks in this approach. C, Surgeon's view of the extended middle fossa approach. The anterior limit of bone removal is the carotid artery and the posterior limit is the labyrinth. In the illustration, CN VIII has 
been transected, and the horizontal carotid artery is identified coursing parallel to the greater superficial petrosal nerve and medial to the foramen ovale. Continued dissection anteromedially permits access to the cavernous sinus. 

 

Figure 165-33 The retrolabyrinthine approach to the cerebellopontine angle (CPA). Although the exposure is limited anteriorly, removal of the bone posterior to the sigmoid sinus permits wide access to the CPA. 



 

Figure 165-34 Surgeon's view of the cerebellopontine angle (CPA) with the retrolabyrinthine approach to the internal auditory canal. The dura is incised around the endolymphatic sac and reflected anteriorly. Wide posterior bone removal 
permits access to the CPA without a brain retractor, although suction is used to maintain the exposure. Inset shows skin incision in relation to the CPA. 

 

Figure 165-35 The transcochlear approach to the cerebellopontine angle petrous tip, and clivus. Removal of the cochlea and anterior portion of the petrous bone permits wide visualization of the clivus and skull base. 

 



Figure 165-36 Surgeon's view of the skull base with the transcochlear approach. The external auditory canal is transected and sutured closed. Posterior transposition of the facial nerve permits unobstructed visualization from the superior 
petrosal sinus to the inferior petrosal sinus, anteriorly to the carotid artery, and medially to the clivus. Inset shows skin incision in relation to the cerebellopontine angle. 

 

Figure 165-37 Surgeon's view of the transotic approach to the skull base. Note that the approach is identical to the transcochlear approach except that the facial nerve is not transposed. Instead, the nerve is left in its bony canal suspended 
across the surgical field. The in situ facial nerve limits the exposure in its internal auditory canal and mastoid segments (compare with Figure 165-36 ). Inset shows skin incision in relation to the cerebellopontine angle. 

 

Figure 165-38 Schematic view (axial) of the extended middle fossa approach to the skull base. By removing the bone posterior and medial to the labyrinth and medial to the carotid artery, the exposure of the middle fossa approach is 
extended to lesions of the cerebellopontine angle, which extend beyond the tentorium or even into the cavernous sinus. 



 

Figure 165-39 Combined petrosal approach uses the extended middle fossa, retrolabyrinthine, and retrosigmoid exposure while preserving the labyrinth. 

 

Figure 165-40 Surgeon's view of the completed transmastoid infralabyrinthine drainage of a cholesterol granuloma. The dissection is performed medial to the facial nerve and inferior to the level of the labyrinth. The drainage tube permits 
aeration of the cholesterol granuloma. 

 

Figure 165-41 Surgeon's view of the transcanal infracochlear approach to the petrous apex. After transection of the ear canal, a superiorly based tympanomeatal flap is elevated. Diamond burrs are used to expose widely the hypotympanum, 
jugular bulb, and petrous carotid artery. The infracochlear cell tract is followed between the carotid artery and jugular bulb. (From Giddings NA and others: Transcanal infracochlear approach to the petrous apex, Otolaryngol Head Neck 
Surg 104:29, 1991.) 
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Chapter 166 - AUDITORY BRAINSTEM IMPLANTS

Bruce J. Gantz 
Ted A. Meyer 

INTRODUCTION

Neurofibromatosis type II (NF-2) is a disease in which patients develop multiple tumors of the central nervous system, including meningiomas, gliomas, neuromas, and schwannomas affecting cranial nerves (CNs), including bilateral 
acoustic neuromas (vestibular schwannomas). The number and type of tumors in patients with NF-2, as well as the rate of growth of these tumors, are extremely variable. Baser and others[7] examined the effect of various factors on mortality 
rates in patients with NF-2 and found that intracranial meningiomas had the greatest impact on mortality but that patients had lower mortality rates if they were monitored in specialty treatment centers. Cutaneous neurofibromas, café-au-lait 
spots, and axillary freckling are much less common in patients with NF-2 than in patients with NF-1. Approximately 1 in 40,000 people are affected with NF-2.[35] 

One of the devastating sequelae of NF-2 is that nearly all patients have bilateral acoustic neuromas (ANs) develop.[48] Unfortunately, for patients with NF-2, other tumors may arise from the nerves in the internal auditory canal (IAC), facial 
and auditory nerves, and the typical bilateral vestibular schwannomas. Other cranial nerves can also be affected. As tumors in the IAC grow, sensorineural hearing loss progresses to a profound bilateral level. Until recently, once a patient 
lost hearing, especially if the cochlear nerve was damaged or removed during surgical excision of the tumor, there was no possibility of regaining hearing. The development of the auditory brainstem implant (ABI) has altered the 
management of the patient with NF-2. Patients now have the opportunity to regain some auditory input if they choose to have an auditory brainstem implant (ABI).

MANAGEMENT OF BILATERAL ACOUSTIC NEUROMAS

Patients with acoustic neuromas have three options for management of their tumors: observation, surgical removal, and possibly radiation therapy. All patients with NF-2 and bilateral AN need serial magnetic resonance imaging (MRI) scans 
to look for tumor growth or secondary tumors. Serial audiometry is also useful to determine the rate of hearing loss and assist the physician and patient with further treatment decisions. The advent of MRI has enabled the neurotologist to 
monitor the growth of AN, as opposed to simply following the hearing levels. The T1-weighted MRI scan with gadolinium has become the "gold standard" for detection and monitoring tumors.

Three surgical approaches are used to remove acoustic neuromas: middle cranial fossa (MCF), retrosigmoid (RS), and translabyrinthine. Attempts are usually made to remove the tumor(s) in total, but sometimes, subtotal resection is planned 
or becomes necessary, depending on findings during surgery. If the patient has excellent hearing and the tumor is small enough to be removed through a hearing-preservation procedure (MCF or RS approach), the chance of saving hearing is 
good (69% by the MCF approach[75] ; 67% by the RS approach[73] ). Hearing preservation is important to patients with NF-2. Slattery and others[60] report a nearly 50% hearing preservation rate through an MCF approach in patients with NF-2. If 
the hearing is useful and preserved after surgical removal of the tumor, the patient may not require a hearing aid. If the cochlear nerve is intact, the patient might be able to benefit from a cochlear implant (CI)[1] [22] [72] rather than an ABI.

Observation with Serial MRI Scanning

Regardless of age, hearing, or health status, all patients with NF-2 and bilateral AN must be followed with serial MRI scanning of the IAC. Other intracranial or axial tumors should also be followed regularly to assess for growth and 
compression of nearby vital structures. As bilateral tumors grow and hearing decreases, the physician and patient can come to a
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mutual agreement about the timing of surgical removal or other treatment of the tumors. Patients with large tumors but with some residual hearing have scans relatively often to look for evidence of hydrocephalus or other intracranial 
complications. Patients are instructed to return with any progression of their hearing loss or any new symptoms. Because the growth rates for these tumors are variable and tend to be higher in younger patients,[8] [30] scanning is typically 
obtained at least yearly.

MRI scans are obtained for many different reasons, and acoustic neuromas are sometimes picked up as incidental findings. We have recently made the diagnosis of NF-2 in two patients who were originally thought to have isolated unilateral 
AN. The two patients had their acoustic neuromas removed approximately 8 and 20 years ago by means of a translabyrinthine and a middle cranial fossa approach, respectively. Neither patient had hearing in the operated ear. The patients 
had been released from follow-up several years after their tumors were removed and had not been seen clinically since that time. One patient recently had hearing loss develop in the unoperated ear, and the other had vague complaints of 
dizziness and difficulty maintaining balance with quick turning. MRI scans were obtained demonstrating intracanalicular lesions in the unoperated ears of both patients. Both patients will be observed with serial MRI scans and audiograms. 
Undoubtedly, NF-2 will be diagnosed in more patients like this with the liberal use of MRI scans in all aspects of medicine.

Radiation Therapy

Many different protocols and forms of radiation have been developed and used throughout the years. Marketing strategies and catch phrases such as "gamma knife," "LINAC," and stereotactic "radiosurgery" have also been developed. The 
treatment strategies with radiation therapy have evolved to either a single low-dose delivery to the tumor or a few doses spaced apart by several hours or days. Many authors have examined the anatomic relations of the cerebellopontine angle 
(CPA) and have developed new methods for controlling the delivery of radiation to the tumor while sparing normal tissue.[32] 

Immediate and long-term sequelae of radiation therapy are beginning to appear in the literature. Reports of acute and chronic hearing loss,[12] [17] [50] other cranial neuropathies,[2] [17] [34] tumor regrowth,[20] [26] [28] [30] secondary cancers,[29] malignant 
transformation, [5] [13] [19] and surgical difficulty in removing a previously irradiated tumor[47] [59] are becoming more common.

Improved rates of hearing preservation with radiation therapy compared with surgical removal of AN have been described by numerous groups. Hearing preservation rates between 50% and 79% * have been reported in patients with relatively 
short-term follow-up. Hearing has even been shown to improve after radiation treatment in a small number of patients. [40] On the other hand, immediate hearing loss has also been reported with radiation therapy. Chang and others[12] described 
two cases of acute hearing loss with fractionated stereotactic "radiosurgery" in two patients with NF-2. Both patients were losing hearing at the time of treatment but lost hearing completely with radiation therapy.

Hearing preservation rates through MCF and RS approaches (65%–71%) are comparable with results with radiation therapy.[11] [73] [75] 

What is not appreciated in studies with short-term follow-up is that radiation therapy seems to cause a deterioration of hearing over time. Sakamoto and others[50] showed more hearing loss before stereotactic radiation therapy then afterward, 
but their patients continued to lose hearing after treatment. Sakamoto and others[51] followed patients for 2 years after stereotactic fractionated radiation therapy and found that those given prednisone improved their pure-tone average by 10 
dB, whereas those not given prednisone lost approximately 10 dB of hearing. Also, patients who receive radiation therapy and eventually have tumor growth necessitating tumor removal will probably lose hearing.

Besides hearing loss, other cranial neuropathies occur relatively frequently after radiation therapy. Kondziolka and others[26] examined more than 160 patients who had radiation therapy for AN and found that 79% had normal facial function 
(House-Brackmann [H-B] Grade 1) and 27% had some trigeminal nerve dysfunction. Ito and others[23] examined neurotologic complications after "radiosurgery." Tumor size was a risk factor for CN V and CN VII neuropathies. Flickinger and 
others[17] also found relations between tumor size and dose and cranial neuropathies in an early study that has led to alteration of dosing in AN treatment. Radiation therapists have thus been using lower doses of radiation to more confined 
locations to reduce the percentages of cranial neuropathies in their patients with AN. For example, Miller and others[34] found lower rates of neuropathy (facial 38% down to 8%) with lower doses and smaller volumes of treatment (trigeminal 
29% vs 15%). Long-term follow-up will be needed to examine the effect of lower doses on tumor control. Tago and others[64] report that a patient with NF-2 had an acute deterioration of facial function (to an H-B Grade 3) and hearing after 
"radiosurgery" (max dose 20 Gy). At 8 months after treatment, the facial nerve was an H-B Grade 2.

*References [18] [39] [45] [46] [62] [69] . 
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Changes in the tumor composition, size, and growth pattern have also occurred after radiation therapy. Kwon and others[27] reported cystic development with brainstem compression requiring surgical treatment in 4% of their patients. Shirato 
and others[56] describe higher rates of short-term or transient enlargement in cystic AN compared with solid AN. Bertalanffy[9] reported an intramural macrocyst rupturing after "gamma knife radiosurgery." Pendl and others[42] reported growth of 
intratumor and peritumoral cysts for several patients with AN who received "gamma knife radiosurgery." Three of these patients required surgical removal for progression of neurologic symptoms. They cautioned the use of radiation therapy 
in patients with cystic AN. Hydrocephalus with hearing loss has also been reported 9 months after "gamma knife radiosurgery" in a patient with an 18-mm tumor and normal hearing.[70] 

Increased surgical difficulty after radiation therapy has also been reported. Pollock and others[47] examined surgical removal of AN after failed "radiosurgery." In a 10-year period, 452 patients had "gamma knife radio-surgery" for their 
tumors. Thirteen (3%) had surgical removal after radiation treatment, and six of these had previous surgical removal before radiation therapy. For 8 of these patients, the surgical removal was described as more difficult than usual, and 10 of 
the 13 had moderate to severe facial dysfunction. The authors conclude that if surgical removal is necessary after radiation therapy, then a subtotal resection should be considered. Slattery and Brackmann[59] discuss surgery after stereotactic 
radiation in five patients. The authors believed that the tumors were scarred to the facial nerve and viable tumor cells were found on histopathologic evaluation. The two patients that received ABIs received no benefit. They conclude that 
postirradiation, surgical removal is more difficult, ABI results are poorer, and viable tumor persists.

The most worrisome sequela of radiation therapy for benign intracranial tumors is the potential, albeit quite rare, for malignant degeneration or the development of a secondary malignancy. Shamisa and others[53] reported a glioblastoma 
multiforme (GM) in a patient 7 years after being treated with "gamma knife" radiation therapy for an AN. The patient had radiation therapy followed by surgical removal for cystic progression of tumor. The GM was found in the adjacent 
temporal lobe 7 years after radiation therapy. Newbould and others [38] described two cases of malignant peripheral nerve sheath tumors after radiation.

Malignancies have even been reported in patients with NF-2 who received radiation therapy for their AN. Bari and others[5] describe a case of a malignant transformation in an acoustic neuroma in a patient with NF-2. Thomsen and others[71] 
report an intracranial sarcoma in a patient with NF-2 who received "gamma knife radiosurgery" for treatment of an AN. The larger tumor was removed through a translabyrinthine approach, and the smaller tumor was treated by irradiation 
therapy. Six years after treatment, a malignant sarcoma developed at the site of the radiation treatment, and the patient died. Cause and effect may not be able to be proven unquestionably in this patient, but the radiation was statistically the 



most likely cause.

Although many authors[63] deem that stereotactic "radiosurgery" is safe for patients with NF-2, the development of a malignancy in patients with NF-2 may even be more worrisome than for patients with isolated unilateral AN in light of a 
recent article by Plowman and Evans.[44] They report on 117 patients with NF-2 treated with "radiosurgery." Six percent developed a malignancy in or near the radiation field.[6] Patients with NF-2 may be predisposed to radiation oncogenesis, 
and we recommend that this possibility should be incorporated into any treatment decision-making process.

Surgical Removal

The third management option for patients with NF-2 and bilateral AN is surgical removal of the tumors. Surgical excision should be the primary method of treatment if the use of an ABI is anticipated. Hearing may be preserved with the 
MCF and RS approaches. Lateral tumors are removed easier through the MCF approach, whereas the RS approach is reserved for more medially located tumors.

With widespread availability of the MRI scanner and an increased awareness of NF-2, many patients may now be seen with small tumors and significant amounts of residual hearing. Early detection allows for improved decision-making 
capabilities and gives the surgical team the opportunity to remove the tumors and save hearing, or at least prolong hearing loss in these patients. Different surgeons advocate one surgical approach over the other (MCF, RS), depending on the 
tumor size and location, their training, and level of comfort with each approach. Brackmann and others[11] advocate early and surgical treatment through hearing preservation procedures for patients with NF-2 with small AN. They performed 
MCF removal of 40 tumors and were able to maintain hearing within 15 dB of preoperative levels in 43% of their patients and maintain some hearing in approximately 70% of cases. After 1 year, 88% of patients had normal (H-B Grade 1) 
facial function. Samii[52] was able to preserve hearing in 58% of his patients with NF-2 with small tumors and good hearing.

Nevertheless, many patients with NF-2 still are seen with large bilateral tumors, often after already having lost hearing in one or both ears. Treatment options should be discussed in great detail with these

3848

patients with the understanding that these large tumors are usually not amenable to removal with a hearing preservation approach. These patients, if they so desire, often become candidates for placement of an ABI at the time of removal of 
one of their tumors. It is thought that patients who have received radiation therapy for their AN probably will not do well with an ABI, but in a recent article, Kalamarides and others[24] report auditory sensation achieved by three patients with 
NF-2 who had tumor removed and ABI placed after radiation therapy. All three show enhancement of lipreading skills, and one is able to obtain sound understanding of speech just using the ABI.

THE ABI

History

The first ABI was placed in 1979 at the House Ear Institute by Drs. William House and William Hitselberger. They recently published a progress report on their first patient.[21] This patient continues to get relief from tinnitus, and she receives 
substantial benefit in lipreading. Since 1979, the number of patients receiving ABIs has increased to well over 150 by multiple surgical teams at several institutions in the United States, Europe, Asia, and Australia.

The ABI has undergone multiple modifications over the past 25 years. The first device was a single ball electrode with a percutaneous pedestal. The current ABI is a 21-electrode array that is stimulated like a cochlear implant through a 
transcutaneous radiofrequency 

 
Figure 166-1 The current auditory brainstem implant (ABI) is a 21-electrode array that is stimulated like a cochlear implant through a transcutaneous radiofrequency transmitter and receiver (Cochlear Corporation). A, The internal 
component of the auditory brainstem implant. B, Enlarged view of the electrode array. 

 

Figure 166-2a The region for placement of the auditory brainstem implant (ABI). A, Schematic of the left brainstem. The ABI electrode pad is being placed in the lateral recess. V, trigeminal nerve; VII, facial nerve; VIII, cochleovestibular 
nerve (cut); IX, glossopharyngeal nerve; X, vagus nerve; VCN, ventral cochlear nucleus; DCN, dorsal cochlear nucleus. 



 

Figure 166-2b B, Photograph of the left brainstem. VII, facial nerve; VIII, cochleovestibular nerve (cut); IX, glossopharyngeal nerve; X, vagus nerve. 
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improved. It is hoped that the same trend of improved performance with the ABI will follow as more results with patients using the newer ABI devices and processing strategies are published.

Penetrating Electrodes

Badi and others[3] [4] describe nerve survival and good electrical stimulation after penetrating electrodes were implanted into the eighth nerves in experimental animals. Rosahl and others [49] implanted penetrating electrodes into cat cochlear 
nuclei and found lower thresholds and similar dynamic ranges compared with surface electrodes, which indicated that they were achieving more direct contact to the auditory neurons of the cochlear nucleus. New devices incorporating 
penetrating cochlear nucleus electrodes are being developed, and a feasibility study with a four-channel system has begun at the House Ear Clinic. It will be necessary to demonstrate lack of complications, long-term neuronal survival, and 
continued stimulatability before a penetrating brainstem implant becomes clinically available.

Different Patients

In other countries, ABI placement is not limited to patients with in NF-2 and bilateral AN causing profound bilateral sensorineural hearing. Grayeli and others[18A] placed an ABI in a patient with bilateral completely ossified cochleae after 
meningitis. Two years after placement, they report that the patient obtains 50% of two-syllable words and 60% of sentences with the ABI alone and 80% and 93%, respectively, with ABI plus lipreading. Other potential uses for an ABI 
would be for a patient deafened by bilateral temporal bone fractures, who has promontory stimulation fail, or for a patient, who does not stimulate with a CI on either side.

SUMMARY

NF-2 is a devastating disease. Neurotologic surgeons, thanks in large part to the pioneering work of Drs. House and Hitselberger and their coworkers at the House Ear Institute, are able to preserve hearing in more patients for longer periods 
of time, and restore some auditory function for many who have lost their hearing, with the ABI. Continued development of new devices, speech processors, surgical techniques, and expanded indications for placement of the device should 
lead to significant improvement in performance with the ABI in the years to come.
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Chapter 167 - TRANSNASAL ENDOSCOPIC-ASSISTED SURGERY OF THE SKULL BASE

Aldo Cassol Stamm 
Shirley S. N. Pignatari 

INTRODUCTION

The management of the lesions involving the anterior skull base, orbit, and optic nerve has changed dramatically since the introduction of transnasal microscopic and endoscopic techniques that use advanced new surgical instrumentation. 
However, effective and safe treatment of lesions involving the skull base is still a challenging problem. Several extracranial and intracranial approaches that use microscopic surgical techniques have been proposed, seeking to optimize the 
exposure and minimize the risk of complications. All such microscopic anterior skull base approaches aim at avoiding nerve and brain retraction and were developed along two basic anterior midline routes, the transoral and the transnasal.[5] [9] 
[13] 

Nasal endoscopes have been used extensively in the past decade, first simply to help establish the diagnosis of bacterial sinusitis and later to assist in "functional endoscopic sinus surgery." As experience increased, endoscopes were used to 
help manage other pathologic processes within the sinuses and adjacent areas, and today many nasal and sinus tumors are resected endoscopically without external facial incisions.[31] This increased use of endoscopes was accompanied by the 
development of new generations of radiographic imaging modalities (computed tomography [CT] and magnetic resonance imaging [MRI]) and specialized surgical instruments such as shaped bipolar forceps, angled extra-long drill hand-
pieces with diamond burrs, power microdebrider instrumentation, and image guidance systems. Now, it is almost routine at many centers to extend transnasal endoscopic-assisted surgery beyond the sinuses to the orbit and skull base.

Endoscopes provide excellent illumination and improved visualization and offer a superior alternative to open approaches in most cases of benign intranasal and paranasal sinus neoplasms. Although endoscopic en bloc resection of tumors is 
typically not possible, better visualization of the lesion provides a significant advantage over open surgery. Endoscopic approaches have less morbidity and a lower risk of complications. Tumor resection is precise and potentially more 
complete. Even when craniotomy is required for the removal of the intracranial portion of the tumor, external facial incisions and facial bone dislocations are avoided, as are postoperative edema and paresthesias. Although malignancies 
occasionally have been removed endoscopically, wide surgical resection remains the treatment of choice for most of these lesions. The established general principles should be followed in all cases, including appropriate initial imaging 
studies, careful surgical planning and resection, and repair of any resulting skull base defects. Significant skill with endoscopic techniques is an absolute prerequisite to this type of surgery if high recurrence rates and complications are to be 
avoided. All lesions should have both short-term and long-term endoscopic follow-up examinations to identify any residual or recurrent disease at an early stage.[18] The use of endoscopes in surgery for pituitary tumors and anterior skull base 
lesions has been particularly successful. Endoscopic-assisted surgery for orbital decompression, orbital abscess drainage, and orbital or petrous apex biopsy is becoming more common.

These techniques also have been very helpful in children, especially in surgically managing congenital conditions such as meningocele, nasal glioma, teratoma, and choanal atresia. Although there are no particular differences when operating 
on patients of different ages, it is always important to consider the stage of cranial and sinonasal development. Special surgical instruments must be available because of the smaller sizes involved.[23] [32] Nevertheless, despite lower morbidity 
and fewer complications, the problems of infection, cerebrospinal fluid (CSF) leakage, and difficulty controlling intradural bleeding still exist. In this chapter we present a philosophy and approach to
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endoscopic-assisted skull base surgery on the basis of our experience.

SURGICAL ANATOMY

Anterior Cranial Fossa

The anterior cranial fossa is composed of the orbital portion of the frontal bone anteriorly, the cribriform plate of the ethmoid bone centrally, and the lesser wing and body of the sphenoid bone posteriorly ( Figure 167-1, A ). The cribriform 
plate is located in a midline depression between the orbital roofs and separates the anterior cranial fossa from the nasal cavity. It has 15 to 20 small foramina that transmit the olfactory nerves from the superior nasal mucosa to the olfactory 
bulb. The crista galli projects upward at the median anterior portion of the cribriform plate and serves as the site of attachment of the falx cerebri. Between the crista galli and the frontal crest, the foramen cecum in the frontoethmoidal suture 
transmits an emissary vein to the superior sagittal sinus. The 

 
Figure 167-1 A, Cranial view of the skull base: 1, foramen cecum; 2, crista galli; 3, cribriform plate; 4, planum sphenoidale; 5, optic canal; 6, chiasmatic sulcus; 7, anterior clinoid process; 8, pituitary fossa; 9, dorsum sellae; 10, foramen 
ovale; 11, foramen lacerum. B, Cranial view of the skull base after removal of the floor of the anterior cranial fossa: 1. anterior ethmoidal artery; 2, posterior ethmoidal artery; 3, ophthalmic artery; 4, internal carotid artery; 5, medial rectus 
muscle; 6, superior rectus muscle; 7, oblique rectus muscle; 8, lateral rectus muscle. ON, Optic nerve; FN, frontal nerve; SS, sphenoid sinus. 

 

Figure 167-2 Posterior view of a coronal section of the nasal cavity and paranasal sinuses: 1, nasal septum; 2, inferior nasal turbinate; 3, middle turbinate; 4, superior turbinate; 5, ethmoid sinus; 6, medial rectus muscle; 7, fovea ethmoidalis. 
MS, Maxillary sinus. 

 

Figure 167-3 Lateral nasal wall: right side. 1, Nostril; 2, inferior meatus; 3, inferior turbinate; 4, middle meatus; 5, middle turbinate; 6, superior meatus; 7, superior turbinate; 8, sphenoid sinus; 9, pharyngeal opening of the eustachian tube. 



 

Figure 167-4 Oblique view of the right lateral nasal wall and sphenoid sinus region after removal of the nasal septum and the anterior wall of the sphenoid sinus: 1, ethmoid sinus; 2, sphenoid ostia; 3, sphenoid sinus; 4, anterior sella wall; 5, 
internal carotid artery; 6, trigeminal nerve; 7, superior arch of the choana. 

 

Figure 167-5 Lateral nasal wall demonstrating the terminal branches of the maxillary artery: 1, sphenopalatine foramen; 2, posterior lateral nasal artery; 3, septal artery; 4, inferior turbinate; 5, middle turbinate. (Courtesy of Prof. Joao 
Navarro.) 

 

Figure 167-6 Frontal view after removal of the walls of the sphenoid sinus and the dura: 1, pituitary gland; 2, internal carotid artery; 3, optic nerves; 4, ophthalmic arteries; 5, inferior hypophyseal arteries; 6, sympathetic nerves. (Courtesy of 
Drs. I. Inoue and A. Rhoton.) 

 

Figure 167-7 Midline sagittal section: 1, clivus; 2, sphenoid sinus; 3, pituitary gland; 4, basilar artery; 5, pons; 6, medulla; 7, optic nerve; 8, frontal lobe; 9, frontal sinus. 



 

Figure 167-8 Endoscopic view of the posterior wall of the sphenoid sinus: 1, prominence of the internal carotid arteries; 2, clivus; 3, anterior sellar wall; 4, optic nerves; 5, intercavernous sinus. 

 

Figure 167-9 Endoscopic view of the posterior fossa after the removal of the posterior wall of sphenoid sinus and upper clivus: 1, basilar artery; 2, internal carotid arteries; 3, optic nerves and chiasm; 4, pituitary gland and pituitary stalk; 5, 
brain stem. 

 

Figure 167-10 Carotid angiogram of a patient with chondrosarcoma showing complete obliteration of the internal carotid artery secondary to tumor involvement (arrow). See CT of this patient in Figure 167-31 . 

 

Figure 167-11 Surgical team set up in the operating room: 1, surgeon; 2, anesthesiologist; 3, nurse; VT, Video system; IGS, image-guided system. 



 

Figure 167-12 Coronal CT cisternogram showing left cribriform plate cerebrospinal fluid fistula (arrows). 

 

Figure 167-13 Schematic drawing of a coronal view showing resection of the middle turbinate. 

 

Figure 167-14 A, Axial magnetic resonance imaging of a petrous apex cholesterol granuloma. B, CT cisternogram showing a cerebrospinal fluid fistula at the lateral wall of the sphenoid sinus (arrow). 



 

Figure 167-15 Opening of the sphenoid sinus anterior wall by use of a micro-Kerrison punch through direct transnasal approach. 

 

Figure 167-16 Transethmoidal approach to the sphenoid sinus. 

 



Figure 167-17 Coronal CT of a patient with bilateral fracture of the optic nerve canals. 

 

Figure 167-18 A, Preoperative and, B, postoperative coronal computed tomography scans of a 71-year-old male patient with an ethmoid sinus hemangiopericytoma extending intradurally. C, Sagittal schematic drawing showing repair of a 
skull base defect (arrow) by use of: 1, double piece of fascia lata (broken lines); 2, mucoperiosteal graft (solid line); 3, fibrin glue. 

 

Figure 167-19 A, Sagittal magnetic resonance imaging of a schwannoma of the ethmoid region with intradural extention in a 68-year-old female patient. B, Coronal CT showing the extent of the lesion. C, Postoperative coronal CT. 



 

Figure 167-20 A, Anatomic oblique view of the nasal septum and its relation with the sphenoid sinus. B, Endoscopic view of the sphenoid rostrum being removed by a micro-Kerrison punch. 

 

Figure 167-21 Schematic drawing of the transseptal approach to the sphenoid sinus and sellar region. 

 



Figure 167-22 A, Anatomic view of a nasal septum showing the site of a posterior incision (dotted line). B, Sagittal magnetic resonance imaging (MRI) of a patient with pituitary tumor and, C, postoperative sagittal MRI. 

 

Figure 167-23 A, Preoperative axial magnetic resonance imaging (MRI) of a patient with a clivus chordoma with intradural extention. B, Postoperative axial computed tomogram. 

 

Figure 167-24 Schematic drawing of a modified transseptal approach to the sphenoid and parasphenoid sinus regions. 

 

Figure 167-25 Surgical image-guided system identifying the dural defect in a patient with spontaneous cerebrospinal fluid fistula located at the posterior wall of the sphenoid sinus. 



 

Figure 167-26 A, Axial tridimentional computed tomography (CT) reconstruction. B, Preoperative axial CT. C, Postoperative axial CT scans of a 13-year-old boy with an angiofibroma. 



 

Figure 167-27 A 52-year-old female patient with facial pain from a chronic leukemic infiltrate in the left petrous apex biopsied with the transnasal transsphenoidal approach and imageguided system: A, Axial CT; B, axial magnetic 
resonance imaging. 

 

Figure 167-28 Schematic drawing showing a modified transseptal approach to the posterior sphenoid sinus wall (clivus). A long handpiece with diamond burr is used to remove the bone of the upper clivus. 

 

Figure 167-29 Surgical endoscopic view during a transseptal transclival approach: 1, basilar artery and branches; 2, anterior inferior cerebellar artery (AICA); 3, vertebral artery; 4, superior cerebellar artery; 5, posterior cerebral arteries; 6, 
intradural course of cranial nerve III; 7, brainstem; 8, mamillary bodies. 

 

Figure 167-30 A, Preoperative and, B, postoperative axial computed tomogram of a patient with clivus chordoma operated by endoscopic-assisted transnasal, transsphenoidal, transclival surgical approach. 



 

Figure 167-31 Axial computed tomography of a 26-year-old woman with a chondrosarcoma of the skull base removed by a combination of a direct transnasal-transseptal technique, including removal of the posterior nasal septum combined 
with a transmaxillary transsphenoidal approach. 

 
 

Box 167-1. MINOR COMPLICATIONS OF TRANSNASAL ENDOSCOPICALLY ASSISTED SKULL BASE 
SURGERY

• Nasal synechia, crusting, bleeding.
• Septal perforation.
• Facial edema.
• Sinus infection.
• Periorbital ecchymosis.
• Hyposmia.
• Epiphora.

 
 
 



 
Box 167-2. MAJOR COMPLICATIONS OF TRANSNASAL ENDOSCOPICALLY ASSISTED SKULL BASE 

SURGERY

Orbital 
 
Diplopia 
 
Proptosis 
 
Decreased visual acuity 
 
Blindness 
 
Bleeding 
 
Hematoma 
 
Hematoma 
 
Pneumocephalus 
 
Intracranial 
 
CSF leakage 
 
Brain injury 
 
Cranial nerve injury 
 
Meningitis 
 
Abscess 
 
Bleeding 
 

 
 
Bleeding is a risk in any surgical procedure, but seldom are so many important vessels susceptible to injury. The transnasal approaches outlined previously visualize and put at risk the anterior and posterior ethmoid arteries; the 
sphenopalatine and maxillary arteries and their branches; the internal carotid, anterior cerebral, basilar, and vertebral arteries, and their branches; and the venous sinuses of the skull base: the cavernous sinus, basilar venous plexus, and the 
anterior intercavernous sinus.

Immediate complications occur during surgery. The most frequent of these are CSF leakage, intraoperative bleeding, orbital hematoma, brain injury, and intrasellar complications, which can include injuries of the diaphragma sella, arachnoid 
membrane, pituitary stalk, intraarachnoid vascular structures, and the hypothalamus, optic nerve, and chiasm and the vessels surrounding them. Injuries to CNs III and VI are uncommon except in transsphenoidal-transclival approaches.

Delayed complications include progressive loss of vision or smell, meningitis, bleeding, synechia, and infection. The surgeon must also be aware of the possibility of transitory or permanent endocrinologic complications that can result from 
manipulation, compression, or traction of the pituitary stalk. The surgeon must be able to diagnose acute anterior pituitary insufficiency and be able to manage the condition or have available appropriate consultants who can do so.

SUMMARY

The dramatic improvements in technology mentioned previously have made it possible to extend endoscopic surgical procedures well beyond the sinuses to all three cranial fossae, as well as the pterygopalatine and zygomatic fossae. 
Visualization is superior, morbidity is lower, and complications are fewer than with comparable procedures performed through external

3876

approaches. Nonetheless, problems such as infection, CSF leakage, and difficulty controlling intradural bleeding still remain.

Even with the dazzling technical advances, surgical success depends more on other factors. The surgeon must have a perfect knowledge of the involved anatomy, extensive endoscopic surgical training and experience, good surgical skills and 
judgment, and a highly skilled neurosurgical colleague. Only then can transnasal endoscopic-assisted surgery of the skull base reach its full potential.

 



 
REFERENCES  
 
1. Andrews JC, Fisch U, Valvanis A and others: The surgical management of extensive nasopharyngeal angiofibromas with infratemporal fossa approach, Laryngoscope 99:429, 1989.  
 
2. Archer DJ, Young S, Uttley D: Basilar aneurysms: a new transclival approach via maxillotomy, J Neurosurg 67:54, 1987.  
 
3. Bouche J, Guiot G, Rougerie J and others: The transsphenoidal route in the surgical approach to chordoma of the clivus, Ann Otolaryngol Chir Cervicofac 83:817, 1966.  
 
4. Ciric I, Ragin A, Baungartner C and others: Complications of transsphenoidal surgery: results of a national survey, review of the literature, and personal experience, Neurosurgery 40:225, 1997.  
 
5. Crockard HA: The transoral approach to the base of the brain and upper cervical cord, Ann R Coll Surg Engl 67:321, 1985.  
 
6. Decker RE, Malis LI: Surgical approaches to midline lesions at the base of the skull: a review, Mt Sinai J Med 37:84, 1970.  
 
7. Delgado TE, Garrido E, Harwick RD: Labiomandibular, transoral approach to chordomas in the clivus and upper cervical spine, Neurosurgery 8:675, 1981.  
 
8. Drake CG: The surgical treatment of vertebral-basilar aneurysms, Clin Neurosurg 16:114, 1969.  
 
9. Draf W, Weber R, Keerl R: Endonasale chirurgie von tumoren der nasennebenhohlen und rhinobasis, Med Bild 2:13, 1995.  
 
10. Ducasse A, DeLattre JF, Segal A and others: Anatomical basis of the surgical approaches to the medial wall of the orbit, Anat Clin 7:15, 1985.  
 
11. Fujii K, Chambers SM, Rhoton AL Jr.: Neurovascular relationship of the sphenoid sinus. A microsurgical study, J Neurosurg 50:31, 1979.  
 
12. Gibbons M, Sillers MJ: Minimally invasive approaches to the sphenoid sinus, Otolaryngol Head Neck Surg 126:635, 2002.  
 
13. Harsh GR, Joseph MP, Swearingen B and others: Anterior midline approaches to the central skull base, Clin Neurosurg 43:15, 1996.  
 
14. Haughey BH, Wilson JS, Barber CS: Massive angiofibroma: a surgical approach and adjunctive therapy, Otolaryngol Head Neck Surg 98:618, 1988.  
 
15. Hitotsumatsu T, Matsushima T, Rhoton AL: Surgical anatomy of the midface and the midline skull base, Oper Tech Neurosurg 2:160, 1999.  
 
16. Janecka IP, Nuss DW, Sen CN: Facial translocation approach to the cranial base, Acta Neurochir Suppl (Wien) 53:193, 1991.  
 
17. Kennedy DW: Functional endoscopic sinus surgery: anesthesia, technique, and postoperative management. In Kennedy DW, Bolger WE, Zienrich SJ, editors: Diseases of the sinuses: diagnosis and management, Ontario, 2001, BC Decker.  
 
18. Kennedy DW, Keogh B, Senior B and others: Endoscopic approach to tumors of the anterior skull base and orbit, Oper Tech Otolaryngol Head Neck Surg 7: 257, 1996.  
 
19. Lang J: Clinical anatomy of the nose, nasal cavity and paranasal sinus, New York, 1989, Thieme.  
 
20. Miyagi A, Maeda K, Sugawara T: Usefulness of neuroendoscopy and a neuronavigator for removal of clival chordoma, No Shinkei Geka 26:169, 1998.  
 
21. Mullan S, Naunton R, Hekmat-Panah J and others: The use of an anterior approach to ventrally placed tumors in the foramen magnum and vertebral column, J Neurosurg 24:536, 1996.  
 
22. Navarro JC: Surgical anatomy of the nose, paranasal sinuses, and pterygopalatine fossa. In Stamm AC, Draf W, editors: Micro-endoscopic surgery of the paranasal sinuses and the skull base, Heidelberg, 2000, Springer.  
 
23. Pignatari SN, Stamm A: Micro-endoscopic sinus surgery in children. In: Stamm AC, Draf W, editors: Micro-endoscopic surgery of the paranasal sinuses and the skull base, Heidelberg, Springer, 2000.  
 
24. Puxeddu R, Lui MWM, Chandrasekar K and others: Endoscopic-assisted transcolumellar approach to the clivus: an anatomical study, Laryngoscope 112:1072, 2002.  
 
25. Rabadan A, Conesa H: Transmaxillary-transnasal approach to the anterior clivus: a microsurgical anatomical model, Neurosurgery 30:473, 1992.  
 
26. Sandor GK, Charles DA, Lawson VG and others: Transoral approach to the nasopharynx and clivus using the Le Fort O osteotomy with midpalatal split, Int J Oral Maxillofac Surg 19:352, 1990.  
 
27. Sano K, Jinbo M, Saito I: Vertebro-basilar aneurysms, with special reference to the transpharyngeal approach to basilar artery aneurysm, No To Shinkei 18:1197, 1996.  
 
28. Sasaki CT, Lowlicht RA, Astrachan DI and others: Le Fort I osteotomy approach to the skull base, Laryngoscope 100:1073, 1990.  
 
29. Sethi DS, Pillay PK: Endoscopic management of lesions of the sella turcica, J Laryngol Otol 109:956, 1995.  
 
30. Siebert DR: Estudo anatômico de seios esfenoidais em brasileiros adultos. Thesis presented at the University of São Paulo, SP. 1992.  
 
31. Stamm AC: Micro-endoscopic surgery of the paranasal sinuses. In Stamm AC, Draf W, editors: Micro-endoscopic surgery of the paranasal sinuses and the skull base, Heidelberg, 2000, Springer.  
 



32. Stamm AC, Pignatari SNP: Nasal septal cross-over flap technique: a choanal atresia micro-endoscopic surgical repair, Am J Rhinol 15:143, 2001.  
 
33. Stamm AC, Pignatari SSN, Sebusiani BB and others: Endoscopic surgery of the paranasal sinuses and skull base by using the Image Guided System, Rev Bras ORL 68:502, 2002.  
 
34. Stammberger H, Greistofer K, Wolf G and others: Surgical occlusion of cerebrospinal fistulas of the anterior skull base using intrathecal sodium fluorescein, Laryngorhinootologie 76: 595, 1997.  
 
35. Yasargil MG: Anterior approaches to the clivus. Microsurgery applied to neurosurgery, Stuttgart, 1969, Thieme.  
 

3877

Chapter 168 - INTRAOPERATIVE MONITORING OF CRANIAL NERVES IN NEUROTOLOGIC SURGERY

Charles D. Yingling 
Yasmine A. Ashram 

HISTORY AND CONTEXT

The first published description of cranial nerve monitoring during posterior fossa surgery was almost a century ago. On July 14, 1898, Dr. Fedor Krause, during a cochlear nerve section for tinnitus, noted that ". . . unipolar faradic irritation of 
the (facial) nervetrunk with the weakest possible current of the induction apparatus resulted in contractions of the right facial region, especially of the orbicularis oculi, as well as of the branches supplying the nose and mouth . . ." [68] In the 
early decades of this century, similar methods were described by Frazier,[29] Olivecrona, [31] [111] Hullay and Tomits,[48] Rand and Kurze,[119] Pool,[113] and Albin and others.[2] These techniques all relied on someone (usually a nurse or the 
anesthesiologist) observing the patient's face under the drapes for visible contractions elicited by electrical stimulation. Some surgeons even performed resection of acoustic neuromas with the patient under local anesthesia to facilitate 
assessment of facial function. [31] [48] This crude and relatively insensitive method remained the state of the art for facial nerve monitoring until 1979, when intraoperative facial electromyography (EMG) was introduced. [20] 

Cochlear nerve monitoring is a relatively recent development, which awaited the availability of techniques for averaging evoked potentials and the discovery of the human auditory brain stem response (ABR) by Jewett and Williston in 1971.
[54] Also, during the early days of acoustic neuroma surgery, tumors were generally quite large by the time they were diagnosed, and mortality rather than cranial nerve preservation was usually the main concern. With the advent of more 
sensitive diagnostic measures, including ABR, computed tomography (CT), and later gadoliniumenhanced magnetic resonance imaging (MRI), earlier diagnosis of smaller tumors became more common. Together with advances in 
microsurgical techniques, posterior fossa surgery has become much safer, and thus increasing emphasis has been placed on preservation of cranial nerve function. This has in turn stimulated the development of techniques for monitoring 
cranial nerves during surgery.

Seventh nerve monitoring during acoustic neuroma surgery has now become routine at most major medical centers, and anatomic preservation of the facial nerve has been achieved in >95% of cases.[59] Although facial motility is often 
compromised in the immediate postoperative period, the long-term prognosis is good if the nerve can be electrically stimulated after tumor removal. A recent National Institutes of Health (NIH) consensus conference on acoustic neuroma[104] 
concluded that, "the benefits of routine monitoring of the facial nerve are established." Preservation of hearing has been more difficult to achieve because of the more intimate relationship of such tumors with the cochleovestibular nerve but 
is now often achieved in smaller tumors with the aid of seventh nerve monitoring. Finally, the techniques developed for facial nerve monitoring can be readily adapted for monitoring other cranial motor nerves. Several recent books and 
reviews * have contained extensive discussion of many of these topics.

SCOPE OF THIS CHAPTER

The emphasis in this chapter is on the practical aspects of instrumentation, electrode placement, adapting neurophysiologic techniques to the operating room, artifact identification, types of responses encountered, and the relationship between 
intraoperative recordings and clinical outcome; specific clinical syndromes and their relation to cranial nerve anatomy are not

*References [21] [58] [89] [91] [109] [159] [168] [177] [178] . 
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considered in detail. Somatosensory evoked potential (SEP) recording[135] is also not treated here, although SEP monitoring can be useful in monitoring large posterior fossa tumors with significant brain stem compression; discussions of SEP 
monitoring can be found in Nuwer,[109] Møller, [89] and Desmedt.[21] This chapter is based on our experience, primarily at University of California at San Francisco in more than 600 posterior fossa procedures, as well as a review of the literature 
through 2002; we will describe the methods currently available for cranial nerve monitoring, emphasizing facial and cochlear nerve monitoring during acoustic neuroma surgery but also including extension of these techniques to other nerves 
encountered in a variety of skull base procedures.

NEUROPHYSIOLOGY IN THE OPERATING ROOM

Personnel

Successful intraoperative monitoring requires more than simply bringing another piece of equipment into the operating room (OR). The OR, unlike the typical clinical neurophysiology laboratory, presents a time-pressured and electrically 
hostile environment. Providing technically adequate recordings in the OR requires professional personnel with specialized skills and experience. Attempts to monitor without such personnel may result in failure, or, even worse, inadequate 
monitoring, with inaccurate and misleading feedback to the surgeon. A new specialty field of intraoperative neurophysiologic monitoring has evolved, with its own professional organization, the American Society of Neurophysiological 
Monitoring (ASNM). Intraoperative monitoring professionals have come from diverse backgrounds, including neurophysiology, audiology, biomedical engineering, neurology, and anesthesiology; regardless of background or professional 



degree, monitoring personnel require a common fund of knowledge, including neuroanatomy and neurophysiology, biomedical instrumentation, specific intraoperative monitoring techniques with their uses and limitations, and practical 
experience performing these techniques and interpreting their results in the surgical context. Because inappropriate application of monitoring techniques has potentially catastrophic consequences, the participation of professional monitoring 
personnel is necessary, despite the additional costs incurred. Third-party reimbursement in the United States is now facilitated by a specific Current Procedural Terminology (CPT) code (95920) for intraoperative neurophysiologic monitoring.

Professional certification for surgical neurophysiologists is now offered by two national organizations in the United States. At the technologist level, the American Board of Registered Electrodiagnostic Technologists (ABRET) offers a 
Certification in Neurophysiological Intraoperative Monitoring (CNIM) that is awarded on the basis of a written examination offered to technologists who can document a minimum experience of 100 surgical cases monitored. The American 
Board of Neurophysiologic Monitoring (ABNM) offers board certification to monitoring professionals holding advanced degrees and with a minimum of 3 years' experience and 300 cases monitored. The ABNM examination consists of a 
written portion covering such areas as anatomy, physiology, instrumentation, and specific monitoring techniques, followed by an oral examination that stresses interpretation and judgment in simulated clinical scenarios. At the time of this 
writing (early 2003), there are more than 400 holders of the CNIM and approximately 60 diplomates of the ABNM. This is still a relatively small number, given the explosive growth of monitoring in many other types of surgical cases, as 
well as skull base surgery. There is a growing need for training programs to ensure an adequate supply of qualified personnel, because the demand for monitoring services is growing rapidly.

Instrumentation: Technical Considerations

Instrumentation

The basic instrumentation requirements for cranial nerve EMG monitoring are an isolated electric stimulator that can be precisely controlled at low levels; several low-noise EMG amplifiers; a multichannel display; and an audio monitor with 
a squelch circuit to mute the output during electrocautery. The earliest commercial systems, such as the Grass NL-1 and Xomed NIM-2, had only one or two channels and were thus unsuitable for use in complex cases in which multiple 
cranial nerves are at risk. Also, as will be discussed later, it is highly recommended that more channels be used even in smaller vestibular schwannoma resections where only the facial nerve is at risk, because the extra channels provide a 
valuable control for nonspecific increases in EMG activity because of light anesthesia or other nonsurgical factors. The availability of more channels also allows simultaneous monitoring of multiple divisions of the facial (seventh) nerve 
independently, as well as other cranial motor nerves such as the motor component of the trigeminal nerve (V3m) and the spinal accessory nerve (eleventh nerve), which are often involved in posterior fossa tumors.

The NIM-Response (Nerve Integrity Monitor, manufactured by Medtronic Xomed, Jacksonville, F1) offers four EMG channels and appropriate stimulation and squelch circuits. This system does not include signal averaging capability and 
thus cannot be used for ABR monitoring.

ABR monitoring requires an averaging computer with high-gain, low-noise electroencephalogram (EEG)
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amplifiers, which can be synchronized to an acoustic generator capable of delivering clicks of calibrated intensity, with control of polarity (condensation, rarefaction, or alternating) and repetition rate. Most commercial evoked potential 
systems have such capabilities and can be readily adapted to use in the OR. Typical clinical systems include at least four-channel, high-gain (100–500 K) differential amplification with multipole, band-pass filtering capabilities, acoustic 
stimulus intensity ranging from threshold to at least 70 to 80 dB hearing level (HL), signal averaging with real-time display of the evolving averages and the input signal, and permanent disc storage with hard copy printout.

For complex surgical cases, when more EMG channels and/or ABR averaging capability are needed, there are now several commercial multichannel systems designed for intraoperative use. Cadwell Laboratories (Kennewick, Wa) offers the 
16-channel Cascade system with a flexible software package and low-level stimulators appropriate for intracranial stimulation. The Cascade is available in either console or portable versions, and the 16 channels can be assigned as desired to 
averaged, free-run, or stimulus-triggered modes. Similar systems include the Epoch 2000 from Axon Systems (Hauppauge, NY), Viking Select and Endeavor from Nicolet Biomedical (Madison, Wi), and the EP16 from XLTEK (Toronto, 
On). All these systems allow multiple independent time bases and functions to operate simultaneously; for example, some channels may be devoted to free-running EMG at slow sweep speeds, others to stimulus-triggered EMG at a faster 
sweep, whereas still others can be used for collection of averaged ABRs. These systems are also adaptable for other types of surgical monitoring (i.e., spinal surgery) by creating appropriate software templates.

Recording Electrodes: Type and Placement

Both surface and needle electrodes have been used. However, surface electrodes are less specific, more prone to artifact, and more time-consuming to apply, so their use has largely been supplanted by needle electrodes, which can be quickly 
inserted and taped into place. Furthermore, surface electrodes are only useful for recording from superficial musculature and thus cannot be used for monitoring cranial nerves that innervate deeper muscles such as the extraocular muscles or 
larynx. The most popular recording electrodes for cranial nerve monitoring are subdermal needles designed for EEG; these have a larger uninsulated surface than electrodes designed for single-fiber EMG and thus are more likely to detect 
activity arising anywhere in the desired muscle. Disposable, presterilized electrodes are available from several sources, and their use is highly recommended.

Prass and Lüders[117] have advocated the use of intramuscular hook wire electrodes, which are inserted with a hypodermic needle. These are more delicate and have higher impedance, so the simpler needle electrodes are recommended, except 
in situations in which the electrodes cannot be easily fastened with tape, as in the tongue, or when the use of insulated needles is desirable to avoid crosstalk from overlying muscles. Examples include recording from extraocular muscles 
where the electrodes must pass through the orbicularis oculi muscle and will thus respond to facial nerve activity as well.

The first reports of facial EMG monitoring used a single recording channel, with one electrode of the bipolar pair in orbicularis oculi and the other in orbicularis oris.[20] [94] This montage is sensitive to activity in muscles innervated from either 
superior or inferior branches of the facial nerve. However, use of a single channel has major disadvantages. First, wider spacing between two electrodes leads to greater sensitivity to electric artifacts, which in the electrically noisy 
environment of an OR can lead to difficult or erroneous interpretations. Second, mechanical trauma to the seventh nerve often causes sustained EMG activity that can make identification of the facial nerve with electric stimulation difficult. 
With two or more close-spaced bipolar channels, at least one will often be quiet enough to allow responses to stimulation to be identified without signal averaging even with high tonic EMG activity.

It is thus desirable to use at least two channels of facial EMG, even for simple cases. Furthermore, a third channel should be used to monitor EMG from an uninvolved region, such as the trapezius or contralateral face, even if the facial nerve 
is the only one at risk. This channel serves as a control for nonspecific EMG activity because of light anesthesia or other nonsurgical causes.

For recording the ABR in hearing conservation procedures, one electrode is placed in the ipsilateral ear canal, and another on the forehead or vertex. The best option for the ear canal is the Nicolet Tiptrode®, which is a compressible foam 
insert covered with gold foil. The acoustic signal is delivered through a tube in the center of the foam, which provides an acoustic seal, and the foil provides the electric contact for recording. Because this electrode is closer to the generator of 
wave I of the ABR (distal segment of the cochlear nerve) than an electrode on the mastoid or earlobe, it provides better definition of this wave with shorter averaging time. The placement of the second electrode is not critical, if it is near the 



midline. If the averaging computer has the capacity to simultaneously record from both ears, the contralateral ear ABR provides a control for nonspecific effects such as
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changes in temperature that can affect ABR latencies. (Note, however, that the two ears must be stimulated alternately, not simultaneously, with separate averages for each ear.)

Figure 168-1 shows the positioning of recording electrodes for a middle fossa or retrosigmoid craniotomy for acoustic neuroma with an effort to preserve hearing. For a translabyrinthine approach, the same configuration is used, with the 
exception of the earphone and electrodes for ABR recording, because hearing conservation is not possible with this approach. Two 

 
Figure 168-1 Diagrammatic representation of electrode placement for monitoring acoustic neuroma surgery with attempted hearing conservation. Pairs of needle electrodes are placed in the following muscles: temporalis (V3m), orbicularis 
oculi and orbicularis oris (seventh nerve), and trapezius (eleventh nerve). Note that wires are twisted together to reduce 60-Hz pickup. Broadband click stimuli from a small transducer on the chest are fed through plastic tubing into the 
ipsilateral ear through a foil-covered sponge insert that also serves as a recording electrode and referred to a needle electrode on the forehead or vertex. An electrocautery ground pad is placed on the arm or shoulder as a signal ground. A 
flexible-tipped probe is used to stimulate cranial motor nerves, with a needle electrode as the stimulator ground placed in the margin of the craniotomy (From Yingling CD: Intraoperative monitoring of cranial nerves in skull base surgery. In 
Jackler RK, Brackmann DE, editors: Neurotology, St. Louis, 1994, Mosby, p 967.) 

 

Figure 168-2 Close-up view of flexible-tipped probe used for intracranial stimulation. The entire probe and the flexible wire are insulated except for the 0.5-mm ball on the end to achieve localized stimulation. 

 

Figure 168-3 Surgical view of large acoustic neuroma (retrosigmoid approach) showing use of flexible-tipped probe to locate the facial nerve on the medial surface of the tumor out of direct view. Early identification of the facial nerve 
"around the corner" on the ventral surface of the tumor helps speed the procedure by allowing rapid removal of the remaining capsule. Tumor is drawn as if transparent to show details of anatomy on the hidden surface (From Yingling CD, 
Gardi JG: Otolaryngol Clin North Am 25:413, 1992.) 
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sensitivity (lower response threshold) to both electric and mechanical facial nerve stimulation than mechanical pressure monitoring, it tends to have more false-positive responses because of current spread from variable electric sources to the 



electrodes inserted in the facial muscles.[10] 

In recent years, the old visual method proposed by Krause[68] was reintroduced with the application of the new technology of video analysis. Filipo and others[26] [27] have advocated the use of video monitoring to detect facial movement. 
Contraction of the zygomatic muscle moves the labial commissure up and back; therefore, they used the shifting along a line from the labial commissure to the zygomatic bone for measurement of facial movement. This technique has the 
potential advantage over EMG of being insensitive to the artifact from bipolar cautery, which renders EMG useless at a time when the nerve may be at risk of thermal damage.

Methods based on recording compound nerve action potentials (CNAPs) from the facial nerve rather than EMG have been described[15] [123] [133] and have the advantage that they can be used even if the patient is paralyzed, which prevents 
coughing and allows the use of lower levels of narcotics or other anesthetic agents. Another advantage is that these methods allow actual continuous monitoring of facial nerve function in contrast to EMG, which provides information only 
when the facial nerve is mechanically or electrically stimulated, and therefore other types of injury (such as ischemic) might not be immediately detected. On the other hand, the CNAP cannot be easily made audible for direct feedback to the 
surgeon, and it is not known whether it is sensitive to facial nerve activity caused by injury or manipulation of the nerve. Further investigation of these techniques is warranted.

Another technique that has been used for facial nerve monitoring is intraoperative recording of nasal muscle F-wave.[171] The F-wave is a late muscle potential that is believed to be due to recurrent discharge of a small percentage 
(approximately 1%–5%) of the motor neurons. It occurs because of antidromic spread of excitation that reaches the motor neurons and then again propagates orthodromically, producing a delayed muscle contraction. The intraoperative 
recording of an F-wave should reflect the functional continuity of the facial nerve motor axons from the axon hillock to the motor end plate.[172] Although the F-wave may be an appropriate tool for intraoperative facial nerve function, its use 
has been limited by its sensitivity to anesthesia and the fact that it may be normally absent in healthy adults.[173] The remainder of this section will focus on the EMG technique, which is the most commonly used and the one that we have 
primarily used.

Activity Evoked by Electric Stimulation

Use of stimulation to identify and map nerves in relation to tumor.

Electrical stimulation is used in two main ways: (1) to rule out the presence of a nerve in a region to be dissected (using suprathreshold stimulation levels, i.e., 1 V), and (2) to map the precise locations of cranial nerves and determine their 
functional integrity, using stimulation levels at or just above threshold (i.e., 0.05–0.3 V). The relations among the various cranial nerves in the normal posterior fossa are relatively constant, so identification is not a major problem in cases 
with relatively undistorted anatomy such as microvascular decompression or vestibular neurectomy. However, the presence of a space-occupying lesion in the posterior fossa may make identification on the basis of anatomic relationships 
difficult or impossible. For example, with a large acoustic neuroma, the facial nerve frequently becomes stretched and widened until it is visually indistinguishable from arachnoid; vasculature on the brain stem surface may even be seen 
through a gossamer-thin, yet functionally intact, nerve. In such situations, the only way to identify and trace the facial nerve is with electric stimulation.

Our preference is to use monopolar constant voltage stimulation, stimulating with cathodal pulses of 0.2-msec duration at a rate of 5 to 10/sec. With these parameters, the threshold for an evoked EMG response from normal nerves is usually 
between 0.05 and 0.2 V, averaging slightly less than 0.1 V. (Thresholds reported for constant-current stimulation have ranged from <0.1–0.5 mA).

After placement of the electrodes and connection of the equipment, baseline recordings are taken and any spontaneous EMG activity noted. (In hearing conservation approaches, baseline ABR recordings are also made at this point.) Any 
problems with electrodes or connections should be identified at this time, because troubleshooting becomes more difficult once the patient is draped and the actual operation begins. Sources of 60-Hz interference should be identified and 
eliminated at this point if possible; 60-Hz notch filters should be used only if necessary. Once the incision is made, high-amplitude interference from electrocautery generally makes it necessary to turn off the audio monitor and suspend ABR 
collection.

Correct functioning of the stimulating and recording system must be confirmed as soon as possible to avoid potentially catastrophic false-negative results. The presence of a stimulus artifact is not an unequivocal test; it is possible to have a 
stimulus artifact with only one lead (either the anodal return or the cathodal stimulator) connected. However, the absence of any artifact usually indicates an open circuit somewhere in the system. To avoid any ambiguity, it is preferable to
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confirm the operation of the entire system before beginning tumor dissection. In a retrosigmoid approach, the eleventh nerve can usually be stimulated at the jugular foramen as soon as the dura has been opened and the cerebellum retracted; 
an EMG response in the trapezius muscle confirms that the system is operating correctly. This is usually possible before tumor resection begins, except in very large acoustic tumors. If the eleventh nerve is not visible at the outset, the 
stimulating electrode can be placed directly on a muscle and a direct muscular response obtained, although muscle requires higher stimulation levels than nerve. In translabyrinthine procedures, the facial nerve can be stimulated within the 
mastoid bone in the course of the labyrinthine dissection (before the tumor is exposed), although the threshold will be higher (usually 0.6–1.0 V, although up to 2 V may be needed), depending on the thickness of the overlying bone.

Once system function has been verified, we then attempt to locate and stimulate the facial nerve. In smaller tumors (CPA component of 1 cm or less), the nerve can usually be located at its brain stem entry and an electric response confirmed 
before dissection begins. Once a threshold has been established, the voltage is increased to at least 3X threshold and the stimulator swept across the exposed surface of the tumor to confirm that there are no facial nerve fibers before 
beginning dissection. In larger tumors, the location of the facial nerve may not be immediately apparent. In such cases, we start with 0.3 V and map the accessible region, and if no response is obtained, we repeat the search at 0.5 and 1.0 V. 
If no response is obtained at 1.0 V, it can be safely assumed that the facial nerve is not on the exposed surface, and dissection can proceed.

The most common site of intraoperative injury to the facial nerve is just medial to the porus acusticus, where it frequently is compressed and flattened against the temporal bone by the tumor, making it difficult to separate the tumor from the 
nerve without damage. If the lateral region is dissected first, the nerve may be compromised and a conduction block may develop in the more distal segment. This can, in turn, make it impossible to identify it at the brain stem with electric 
stimulation. To avoid this problem, tumor dissection should be primarily done in a medial to lateral direction. It is useful to identify the facial nerve in the IAC relatively early, but extensive dissection of the lateral aspect of the tumor should 
be avoided. Once the facial nerve is identified at the brain stem and traced as far laterally as possible, with the tumor-nerve interface under direct vision, then the dissection can move to the lateral end, working back toward the mid-CPA until 
the nerve is freed from both ends.

During dissection, the stimulator is used repeatedly to scan the operative field for the presence of facial nerve fibers as the tumor is mobilized, using suprathreshold stimulus intensities as described previously. The flexible-tipped probe 
described earlier is particularly useful during this phase, because it can be used to probe within dissection planes, often allowing identification of the general location of the nerve before it can be seen directly. Once a response is obtained, 
stimulus intensity is reduced to 0.1 to 0.2 V, and the responsive region is narrowed. When the nerve is in sight, the electrode is placed directly on the nerve, and a threshold is obtained by slowly increasing the stimulus level from zero until a 
response is obtained. Further stimulation for mapping the location of the nerve is carried out at approximately 3 to 5X this threshold, which should be periodically rechecked as dissection proceeds.



The spatial resolution of electric mapping with monopolar stimulation is determined by stimulus intensity. For the most accurate localization, the stimulus is kept at a low level. At just suprathreshold levels, the spatial resolution is less than 1 
mm, allowing the facial nerve to be easily distinguished from the adjacent vestibulocochlear complex. Conversely, to confirm that the nerve is not in an are about to be cut or cauterized, higher levels of stimulation (up to 1.0 V) are used to 
reduce the likelihood of false-negative results. As more and more tumor is removed, the course of the facial nerve can be mapped from brain stem to IAC. Although the nerve may be relatively cylindric at each end, it is frequently 
compressed by the tumor in the CPA and may be seen as a broad, flat expanse of fibers splayed across the surface of the tumor. Frequently, the only way to identify the nerve and distinguish it from arachnoid tissue is with electric 
stimulation; the nerve may be literally invisible to photons and visible only with electrons!

With larger tumors, cranial motor nerves other than the facial nerve may be encountered in unexpected locations. It is usually possible to identify specific nerves by carefully noting the distribution and latency of responses in the various 
channels as the field is mapped with stimulation. The facial response to stimulation of the seventh nerve in the CPA has a typical onset latency of 6 to 8 msec with an intact nerve. (The exact latency varies, depending on the site of 
stimulation and the condition of the nerve.) Stimulation of the motor fibers of the trigeminal nerve, which are part of the V3 root (V3m), produces EMG responses in the masseter and temporalis muscles. Because these larger muscles are 
close to the facial muscles, there is typically considerable crosstalk between channels. Activity elicited by stimulation of the seventh nerve may be seen in the masseter
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channel, although this can be minimized by the use of hookwire electrodes in the masseter or temporalis, which will not contact overlying facial muscles. However, activity resulting from stimulation of V3m is usually seen in facial channels 
because of the large size of the responding muscles. When only spontaneous or mechanically elicited activity is considered, this crosstalk leads to ambiguity in the identification of the source.

With electrical stimulation, however, responses to V3m vs seventh nerve stimulation can be readily distinguished from one another by their different onset latencies. Stimulation of V3m produces EMG responses that are of a considerably 
shorter latency (3–4 msec to onset) than those to seventh nerve stimulation (typically 6–8 msec), allowing these nerves to be distinguished despite overlap in the responding channels. (A mnemonic for remembering this: seventh nerve about 
7, fifth nerve less than 5.) Stimulation of the eleventh cranial nerve produces responses restricted to the trapezius muscle; because of the greater distance, there is generally no crosstalk between channels with eleventh nerve stimulation. 
Finally, the sixth nerve is occasionally encountered in acoustic neuroma surgery. Stimulation of the sixth nerve produces a short latency response (∼2 msec) in the lateral rectus muscle, which can be recorded as a small deflection that is 
volume conducted to the orbicularis oculi channel. Recall that one of the bipolar electrodes in the orbicularis oculi is positioned near the lateral canthus to optimize pickup of this response. (A later section will consider direct recordings from 
the lateral rectus and other extraocular muscles in cases in which the third, fourth, and sixth cranial nerves are more directly involved.) The patterns of response distribution and latency encountered in typical acoustic neuroma cases are 
indicated schematically in Figure 168-4 .[49] 

Assessment of functional status of nerves after tumor removal.

The primary use of intraoperative stimulation is in localizing and mapping the course of cranial nerves in relation to CPA tumors. However, electric stimulation is also used to determine changes in the functional status of these nerves and is a 
useful predictor of postoperative function. The ability to elicit facial EMG responses by low-threshold stimulation of the seventh nerve at the brain stem after total tumor resection is a good but not infallible predictor of postoperative 
function, because transient or delayed-onset facial palsies may be seen even when a low threshold is obtained at the end of the operation.[66] [71] [72] [153] Conversely, a substantially elevated threshold or the inability to elicit a response with 
stimulation up to 1 V carries a significant likelihood of 

 
Figure 168-4 Schematic representation of responses obtained in four-channel montage (see Figure 168-1 ) with intracranial stimulation of different motor nerves. Despite crosstalk in fifth and seventh nerve channels, these nerves can be 
clearly distinguished by the shorter latency of the responses to Vth nerve stimulation. Stimulation of the sixth nerve produces a short latency response localized to the orbicularis oculi channel because of volume conduction from the lateral 
rectus to the electrode at the outer canthus; stimulation of the eleventh nerve produces response restricted to the trapezius (see text for details) (From Jackler RK, Pitts LH: Neurosurg Clin North Am 1:199, 1990.) 

 

Figure 168-5 Responses in orbicularis oris to stimulation of nervus intermedius (top) and facial nerve (bottom). Note smaller scale in nervus intermedius response, which is smaller, of longer latency, and seen only in the lower facial nerve 
channel. (From Ashram YA and others: Neurophysiological Identification of the nervus intermedius, Otol Neurotol. In press). 



 

Figure 168-6 Anatomic variants in relationship between nervus intermedius and the facial and vestibulocochlear nerves. A, Nervus intermedius joining nerve VII/VIII complex near brain stem root entry zone. B, Nervus intermedius joining 
nerve VII/VIII in mid-cerebellopontine angle. C, Nervus intermedius joining nerve VII/VIII near porus acusticus. D, Nervus intermedius taking separate course through cerebellopontine angle, where it can be misidentified as the facial nerve 
unless its unique response characteristics are recognized. (From Ashram YA and others: Neurophysiological Identification of the nervus intermedius, Otol Neurotol. In press). 

 

Figure 168-7 A, (Upper) Artifact produced by contact of different metallic instruments in surgical field. Note sharp edges on waveforms with exponential decay (may be confused with spike activity). (Lower) Single electromyographic 
(EMG) spike with a low-amplitude EMG background and no exponential decay. B, (Upper) Regular sinusoidal artifact produced during drilling of the internal auditory canal (IAC). (Lower) Irregular EMG activity while drilling IAC. C, 
Upper two traces: regular artifact with two time scales, 20 0msec/cm and 5 msec/cm. Lower two traces: EMG activity on the same two time scales. At 200 msec/cm, it may be difficult to differentiate between true EMG and artifact. 
However, with the faster 5 msec/cm time base, trace 2 shows that the artifact wave form is regular and synchronized, whereas trace 4 reveals the irregularities that characterize true EMG activity. (From Yingling CD, Ashram YA: 
Intraoperative monitoring of cranial nerves in skull base surgery. In Jackler R, Brackmann DE, editors: Neurotology, ed 2, Philadelphia, 2004, Elsevier.) 



 

Figure 168-8 Illustrative examples of three types of EMG activity often seen during vestibular schwannoma surgery. A, Dense tonic (sustained) activity, often associated with nerve stretch and having a sinusoidal pattern. B, Lower tonic 
activity, called popcorn activity. C, Phasic (transient) burst activity typically associated with direct contact with the nerve. Such events are not of major significance unless they are of large amplitude and occur during critical stages of 
dissection. D, Burst activity superimposed on ongoing small amplitude train; it is important to recognize such events overlapping on background activity, because they may pass unnoticed despite their significance. (From Yingling CD, 
Ashram YA: Intraoperative monitoring of cranial nerves in skull base surgery. In Jackler R, Brackmann DE, editors: Neurotology, ed 2, Philadelphia, 2004, Elsevier.) 

 

Figure 168-9 Responses during intraoperative monitoring of microvascular decompression for hemifacial spasm. Stimulating electrodes in temporal branch of facial nerve; recording channels orbicularis oculi (top) and mentalis (bottom) A, 
Before decompression: abnormal response at prolonged latency in mentalis to stimulation (at time indicated by arrow) of temporal branch. B, After decompression: abnormal response in mentalis no longer seen, normal response in 
orbicularis oculi unchanged. (From Yingling CD: Intraoperative monitoring of cranial nerves in skull base surgery. In Jacker RK, Brackman DE, editors: Neurotology, St. Louis, 1994, Mosby, p 967.) 

 

Figure 168-10 Placement of electrodes in extraocular muscles for monitoring cranial nerves III, IV, and VI. Electrodes are inserted through closed eyelids (drawn as if transparent), against inner surface of bony orbit, to record from inferior 
rectus/inferior oblique (third nerve), superior oblique (fourth nerve), and lateral rectus (sixth nerve). The illustration shows monopolar needle electrodes; flexible bipolar hookwire electrodes are now preferred for recording from extraocular 
muscles (see text for details). (From Yingling CD: Intraoperative monitoring of cranial nerves in skull base surgery. In Jacker RK, Brackman DE, editors: Neurotology, St. Louis, 1994, Mosby, p 967.) 



 

Figure 168-11 Placement of paired needle electrodes in the soft palate for monitoring the ninth cranial nerve and in the tongue for monitoring the twelfth cranial nerve. (From Lanser M and others: Regional monitoring of the lower (ninth 
through twelfth) cranial nerves. In Kartush J, Bouchard K, editors: Intraoperative monitoring in otology and head and neck surgery, New York, 1992, Raven Press.) 

 

Figure 168-12 A, Electromyelogram (EMG) endotracheal tube. Two pairs of wires contact vocalis muscles bilaterally to record EMG activity resulting from activation of the recurrent laryngeal nerve, a component of the tenth cranial nerve. 
(Photo courtesy of Xomed-Treace, Jacksonville, FL.) B, Laryngeal surface electrode. The electrode is inserted into the postcricoid space after intubation with a standard endotracheal tube to record from the posterior cricoarytenoid muscles 
(tenth cranial nerve). (Photo courtesy of RLN Systems, Jefferson City, MO.) 



 

Figure 168-13 Sagittal view of placement of needle electrodes into the muscles used for lower cranial nerve monitoring. Needle electrode pairs are placed into the soft palate (ninth nerve), false vocal cord (tenth nerve), trapezius (eleventh 
nerve) and tongue (twelfth nerve). The electrodes placed in the false cord are unnecessary if one of the electrodes shown in Figure 168-10 is used instead. (From Lanser M and others: Regional monitoring of the lower (ninth through twelfth) 
cranial nerves. In Kartush J, Bouchard K, editors: Intraoperative monitoring in otology and head and neck surgery, New York, 1992, Raven Press.) 

 
§References [81] [89] [93] [128] [129] [151] [164] [177] [178] . 
*References [3] [81] [116] [128] [136] [177] [178] . 
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The other electrode is placed at the vertex (Cz) or any point along the midsagittal plane between midforehead (Fpz) and vertex.

Because most of the power in the ABR is concentrated between 400 and 1400 Hz,[30] relatively narrow filter settings (i.e., 300–1500 Hz) produce more stable waveforms than wider settings (10–3000 Hz) typically used in the clinic and thus 
facilitate rapid data collection. Although such settings may produce slight latency shifts, this is not a problem in surgical monitoring where the emphasis is on detecting changes from the baseline that can be related to surgical manipulations, 
not judgments of normal vs abnormal (most ABRs recorded from patients with eighth nerve tumors are abnormal in any event). Digital, as opposed to analog, filtering is another promising development that will be considered later.

It is also desirable to collect a control ABR from the contralateral ear at the same time as that from the operated ear. This can be done by delivering stimuli alternately to each ear and separately averaging the left and right ear trials. This 
allows immediate comparison of the ABR from the operated side with that obtained from the contralateral ear, a useful control for nonspecific effects from factors such as anesthesia or temperature. Note that both ears must not be stimulated 
simultaneously, because the response from the contralateral ear could mask the loss of a response on the operative side.

Reducing Electric and Acoustic Interference

It is imperative to take whatever steps are possible to minimize both electrical and acoustic artifacts. Electrical artifacts, which are of concern for both EMG and ABR monitoring, have already been covered. In addition, acoustic interference 
becomes a significant problem when either ABR or direct eighth CNAPs are recorded. Drilling of the temporal bone to open the internal auditory canal can pose serious obstacles to auditory nerve monitoring because of acoustic masking, 
which can degrade or even obliterate the ABR or CNAP.

Unfortunately, the cochlear nerve, as well as the inner ear itself, is at great risk during this period in typical retrosigmoid approaches. It may thus be necessary to deliberately halt drilling periodically to obtain valid readings. Alternately, the 
neurophysiologist can manually start and stop the averaging process to collect data during intervals in the drilling, for example, when changing drill burrs.

Because time is a major concern, efforts have been made to develop monitoring techniques that greatly reduce data collection times. The two major approaches that have been advocated are (1) emphasizing near-field recording techniques 
and (2) the use of digital in addition to analog filtering. Near-field recordings, obtained from an electrode placed directly on the cochlear nerve, can produce reliable CNAP recordings within 5 to 10 seconds compared with much greater times 
(1–2 minutes) for conventional ABR averages. Therefore, the capability to perform both far- and near-field recordings during attempts at hearing conservation in acoustic neuroma surgeries is desirable. These methods will be considered in a 
subsequent section.

Analog vs Digital Filtering

The other approach to decreasing averaging time is by use of strategies of optimal digital filtering.[30] [38] [89] In this technique, ABR baseline waveforms are established after induction and their spectral characteristics determined to develop 
optimum filtering parameters for subsequent data collection. It is important that filter characteristics be individually determined for each patient, because the baseline ABR in patients with acoustic neuroma is typically abnormal, and filters 
based on normative data are unlikely to be optimal. After patient-specific filtering parameters are determined, ABRs are acquired by applying this unique filter to each single trial before averaging. This can produce a dramatic reduction in 
the number of sweeps necessary to obtain stable waveforms and identify critical changes in amplitude or latency. With digital filtering, ABRs may be collected with as few as 128 sweeps, producing a new average every 10 seconds or less. 



They also have the advantage over near-field recording techniques that placement of an electrode within the surgical field is unnecessary. Although these techniques are computationally intensive, and generally not yet available in 
commercial devices, they may ultimately aid in obtaining successful hearing preservation, particularly in patients with larger tumors that cannot be easily monitored using near-field recordings.

Interpretation of Responses in Surgical Context

ABRs are relatively unaffected by the level of anesthesia or the type of anesthetic agents used, provided normal brain temperature is maintained. Above 32°C, ABR absolute and interpeak latencies increase as a function of decreasing 
temperature at a rate of about 0.17 to 0.2 msec/°C.[85] [112] Even though core temperature is maintained at near normal values, brain stem temperature may still decrease, especially in tissue bordering the exposed CPA, especially if it is irrigated 
with saline that is cooler than body temperature. If core temperature is not maintained, recording ABRs from the contralateral ear can help determine whether any changes are systematic or localized.
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Another factor that typically affects the ABR is the craniotomy itself. New pathways for current flow caused by the craniotomy, changes in the local environment of the cochlear nerve with removal of CSF, and exposure of the nerve to air or 
insertion of metallic retractors into the opening all create differences in the relationship between the sites of ABR generation in the eighth nerve and brain stem and the recording electrodes. These changes are of no clinical significance but 
can lead to shifts in ABR amplitude, latency, and waveform that may be as large as those associated with intraoperative events that significantly affect auditory pathways. Fortunately, most of these changes occur in the early stages of the 
procedure before the cochlear nerve is in serious jeopardy; it is, however, important to obtain a new intraoperative baseline after opening and placement of retractors rather than rely on the preincision baseline.

Typical ABR Findings in Acoustic Neuroma Surgery

Intraoperative changes in ABR latency and amplitude.

Figure 168-14,A , shows typical ABR results from a posterior fossa craniotomy for removal of a small (<1.0 cm) intracanalicular acoustic neuroma. The preincision baseline shows well-defined ABRs with reproducible wave I, III, and V 
peaks to both right and left ear stimulation. There is almost always a significant difference in interpeak I to III and I to V latency values from the ear ipsilateral to the tumor (left in Figure 168-14,A ) compared with those from the opposite 
ear. Baseline ABRs are often much worse than this example, depending on the degree of preoperative hearing loss and the extent to which the cochlear nerve is compromised by the tumor.

Figure 168-14,B , shows the baseline ABR from a patient with a larger tumor; wave V is desynchronized and greatly reduced in amplitude, wave III is absent (presumably because of asynchronous neural firing), and the I to V interpeak 
latency is significantly increased (>5 ms). In most acoustic neuroma surgeries, ABR recordings from the operated side progressively deteriorate over the course of surgery, as shown in Figure 168-14, C . Cerebellar retraction, trauma from 
dissection, acoustic trauma, decreased local temperature, and/or disruption of cochlear perfusion may all affect ABR peak I, III, and V amplitude and latency values.[34] [134] Retraction of the cerebellum, particularly in the medial to lateral 
direction,[80] is thought to be one of the principal maneuvers responsible for significant ABR deterioration. [34] [35] Every effort should be made to reverse such effects by adjustment of the cerebellar retractor, by temporarily halting dissection, or 
by attempting dissection from a different angle or direction.[78] Occasionally, wave I amplitude will be 

 
Figure 168-14 Representative examples of intraoperatively recorded auditory brain stem responses (ABRs) from three patients undergoing surgery for removal of acoustic neuroma. Recordings in A and B were obtained after induction but 
before first incision. A, Thirty-eight-year-old woman with 0.8-cm left-sided tumor, mild high-frequency hearing loss, and speech discrimination scores of 92% (left ear) and 100% (right ear). B, Fifty-two-year-old woman with 1.8-cm tumor, 
moderate to moderate-severe sloping hearing loss, with speech discrimination scores of 56% (left ear) and 90% (right ear). Stimuli were alternating polarity, 100-msec clicks, presented at 80-dB above normal hearing level (nHL), 33.3/sec; 
0.9 msec acoustic delay; averaged responses (N = 4000) were recorded from ipsilateral ear canal to vertex. Duplicate averages are overlaid (A and B from Yingling CD, Gardi JG: Otolaryngol Clin North Am 25:413, 1992.) C, Forty-eight-
year-old woman with intracanalicular right-sided tumor and nearly normal hearing, operated on by means of the middle fossa approach. Top traces are preincision baseline; bottom traces show preservation of auditory brain stem response 
after total removal of tumor, although a slight increase in latencies of waves IIII and V can be seen. Alternating polarity 100-msec clicks, 80-dB nHL, 21/sec; 0.9 msec acoustic delay; averaged responses (N = 1024) recorded from ipsilateral 
ear canal to midforehead. Four consecutive averages are overlaid. (From Yingling CD: Intraoperative monitoring of cranial nerves in skull base surgery. In Jacker RK, Brackman DE, editors: Neurotology, St. Louis, 1994, Mosby, p 967.) 

 

Figure 168-15 Cueva cranial nerve electrodes. The circumferential electrodes (2- and 3-mm sizes shown) are positioned on the eighth nerve with a special applicator to record direct cochlear nerve compound action potentials. The applicator 



holds the electrode open until it is released, when it closes most of the way around the nerve. The flat electrode (left side of picture) is designed for insertion between the bone and dura of the internal auditory canal during middle fossa 
procedures for cochlear nerve action potential recording. (Photo courtesy of Ad-Tech, Racine, WI.) 
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Figure 168-16 Representative changes in cochlear nerve compound action potentials over the course of 30 seconds during removal of a 0.6-cm intracanalicular acoustic neuroma. A, Just before mobilization of tissue adherent to cochlear 
nerve. B, Mobilization of tumor caused a sharp reduction (∼50%) in compound nerve action potential amplitude. C, Partial recovery of response after release of traction on nerve. Stimuli as described for Figure 168-14 ; 100 trials/average, 
duplicate averages overlaid (From Yingling CD, Gardi JG: Otolaryngol Clin North Am 25:413, 1992.) 
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neuroma surgery. Although there are fewer published data for other cranial motor nerves, the benefits are likely to be similar, because the principles are identical. The impact of monitoring on hearing preservation is less clear-cut, although 
the results thus far are improving and promising.

It is equally clear that there is still much room for improvement. It is hope that he next decade will see improved techniques in a variety of areas, including better methods for automatic identification and rejection of artifacts; procedures for 
quantification of ongoing EMG activity; development of more sensitive non-EMG-based methods; and, perhaps most importantly, development of a technique for assessing facial nerve integrity without direct electric stimulation.

Techniques for automatic artifact rejection have been extensively explored in the context of quantitative EEG, and many of these may be easily adapted to EMG recordings from muscles innervated by cranial nerves. Some commercial 
systems already feature automatic hardware interlinks with known sources of artifacts (i.e., bipolar cautery); this should become standard practice, because it is much easier to eliminate artifacts before they are recorded than to remove them 
once they have contaminated the data stream. With the computational power now available, it is also feasible to develop real-time digital filters based on the different power spectra of EMG vs artifacts or to use online discriminant functions, 
which could either be prespecified or trained on appropriately tagged data from an individual case. Neural network models, whether implemented in hardware or software, are another promising approach to artifact identification and rejection.

Relatively little work has been done in quantification of ongoing (as opposed to stimulus-triggered) EMG activity. Again, however, rapid progress should be possible by adapting techniques that have been developed for quantitative analysis 
of clinical EMG recordings. The first step, as already mentioned, is automatic identification and elimination of non-EMG artifacts. "Burst" or phasic events could be identified and distinguished from "train" or ongoing tonic activity. Within 
each category, quantitative features could be extracted, such as peak/peak amplitude, burst duration, integrated area, or power spectra. Correlation of such features with short-term and long-term clinical outcomes should lead to identification 
and automatic discrimination of intraoperative events that can be safely ignored vs those that should lead to modification of surgical procedures to avoid neural damage.



No matter how much EMG methods are improved, there will still be a need for more sensitive non-EMG methods that can be used during bipolar cautery, when EMG is obliterated but nerves may be at risk for thermal damage. Again, 
borrowing from related disciplines (e.g., biomedical engineering and image analysis) may lead to rapid progress. More sensitive methods for detection of subtle facial movements are needed, such as specialized strain gauges that change 
electric resistance with surface deformation. Automated analysis of digital video, perhaps looking for slight movements of temporary fiducial marks, could add a modern twist to the early technique of peering under the drapes to look for 
facial movements.

Probably the most important single advance would be a method for continuously assessing facial nerve integrity without the need for the surgeon to directly stimulate the nerve, analogous to continuous ABR recordings for assessing cochlear 
nerve function. This would be especially important in larger tumors, in which the nerve may be inaccessible for stimulation until extensive dissection has been done. Ongoing stimulation with an intracranial electrode on the facial nerve 
proximal to the tumor is conceptually appealing but technically difficult, particularly if the nerve is initially inaccessible. A more recent development, now widely used in spinal surgery, elicits motor responses by transcranial electric 
stimulation of the motor cortex with recording of EMG responses from appropriate muscles (tcMEP). However, such stimulation causes significant contraction of scalp musculature, so this technique may not be appropriate for delicate 
intracranial surgery.

A more appealing possibility is to use the well-studied blink reflex,[64] which is elicited by stimulation of the supraorbital nerve (trigeminal afferents) and consists of an early ipsilateral EMG response (R1) and a later bilateral response (R2), 
both mediated by the facial nerve. Despite the usefulness of the blink reflex in clinical testing, it has not yet been reliably elicited in surgery because of the suppression of reflex activity by general anesthetics. It may become possible to 
overcome this problem by greater reliance on intravenous anesthetics such as propofol together with repetitive train stimulation like that used for tcMEP ( Figure 168-17 ).

Further improvements will likely come as techniques become more refined and integrated. Some of this improvement will come as more sophisticated hardware-software systems, optimized for intraoperative monitoring, become 
commercially available. Computerized systems with capacity for rapid data collection with online digital filtering, automated artifact rejection, software control of stimulation and recording parameters, user-friendly interfaces, and displays 
of current data, as well as trends during the operation will bring the full range of currently available techniques into more widespread use.
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Figure 168-17 Blink reflex recorded intraoperatively. (Top) Ipsilateral (R1) response recorded from orbicularis oculi after three pulse train stimulus to supraorbital nerve. (Middle) Habituation of reflex response after repeated train 
stimulation. (Bottom) Restoration of reflex amplitude (dishabituation) after train stimulation of contralateral supraorbital nerve. (From Yingling CD, Ashram YA: Intraoperative monitoring of cranial nerves in skull base surgery. In Jackler R, 
Brackmann DE, editors: Neurotology, ed 2, Philadelphia, Elsevier, 2004.) 
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Chapter 169 - RADIATION THERAPY OF THE CRANIAL (SKULL) BASE

Nancy Lee 
Edward J. Shin 

INTRODUCTION

Tumors of the cranial base are rare and present with minimal symptoms. They account for fewer than 1% of all new cases of cancer.[70] Unless these tumors impinge on vital organs or extend from the maxillary sinus to the nasal cavity 
resulting subsequent epistaxis or obstruction, diagnosis is often delayed. Depending on the location and the histopathology, treatment using radiation therapy is either in the definitive, neoadjuvant, or adjuvant setting. Because multiple 
critical normal tissues are located within or near the skull base (e.g., the optic chiasm, the cranial nerves, the orbits, and the brainstem), radiotherapy techniques are focused on treating the tumor while minimizing toxicities and complications. 
In this chapter, the authors will discuss the indications of radiation as well as describing the different technical advances in radiotherapy and their applications in the treatment of more commonly seen skull base tumors.

The treatment of cranial base tumors presents a difficult and challenging task for the radiation oncologist. Because tumors are irregularly shaped and are near or at the cranial base, a pair of lateral-opposed fields often cannot adequately 
encompass the tumor without causing excessive toxicity to the surrounding normal tissues. Therefore, with conventional techniques, the dose of radiation is often limited by the need to respect normal tissue tolerance to radiation. Thus, 
multiple different methods have evolved in treating tumors of the cranial base. Radiosurgery, linear accelerator (LINAC)-based or Gamma Knife Unit, is one method used in radiation delivery. The radiation delivered has a very sharp dose 
fall-off between the target and the surrounding tissue, thus allowing precise delivery of radiation to the tumor target while minimizing the dose of radiation delivered to the surrounding normal tissues. However, radiosurgery can be limited by 
the size as well as the shape of the tumor. Intensity-modulated radiation therapy (IMRT), an evolution of three-dimensional (3D) conformal radiotherapy, allows the delivery of radiation to larger volumes and even more irregularly shaped 
tumors. For this reason, IMRT has recently gained popularity in the treatment of head and neck cancer, especially in the treatment of skull base tumors. Lastly, other technical approaches, such as proton beam radiotherapy (cyclotron) or the 
CyberKnife (photon beam), though not available in most radiotherapy clinics, are also used. Indeed, the advancement in technology allowing more precise targeting of the tumor has resulted in improved tumor control or improved palliation 
of tumor-related symptoms. This is especially true when these tumors are unresectable or are recurrent on presentation.[10] [52] [73] 

RADIATION TECHNICAL ADVANCES

LINAC-based and Gamma Knife Radiosurgery



Radiosurgery is a neurosurgical procedure whereby radiation is delivered using stereotactic principles.[53] Radiosurgery can be performed by using any one of the high-energy forms of radiation, whether x rays, gamma rays, or charged-particle 
irradiation. This procedure requires a multidisciplinary team approach and is used to destroy or to induce a desired biologic effect in a predetermined target while minimizing radiation to the surrounding tissues without having to open the 
skull. The word stereotaxis is derived from two Greek words: stereos, which means "three-dimensional" and taxis, which means "orderly arrangement." The concept of stereotactic radiosurgery (SRS) derived from the understanding and the 
use of stereotactic neurosurgery. The main benefit of SRS is that a high dose of radiation can be delivered to a defined region, usually within a well-immobilized system that conforms closely to the 3D shape of the target volume, at the same 
time having a very rapid dose fall-off to the surrounding normal tissues.
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SRS was first introduced in 1951 by Lars Leksell, who coupled a stereotactic device to an orthovoltage x-ray tube and used 280-kV x-rays to treat trigeminal neuralgia.[53] [59] Dr. Leksell also used a linear accelerator using higher-megavoltage 
radiation beams. In 1968, Leksell began using cobalt sources for irradiation of the thalamus in two cases of intractable pain. Subsequently, 179 highly collimated cobalt-60 sources were used to treat a variety of human diseases, such as 
cancer pain, acoustic neuromas, craniopharyngiomas, intracranial arteriovenous malformations, parkinsonism, and Cushing's disease. These multiple, small, radioactive cobalt sources produced focused gamma beams, which Leksell called 
Gamma Knife-based radiosurgery. During the same time period at the University of California-Berkeley Lawrence Laboratory, charged-particle beams were used to treat pituitary tumors stereotactically (i.e., with protons, helium ions, 
neutrons). In the 1970s and 1980s, many radiotherapy centers used the existing linear accelerator at their facilities and adapted it to produce narrow, collimated beams of high-energy photons or x-rays. This was a less expensive alternative to 
both the Gamma Knife and the heavy charged-particle units. These new techniques were all based on the concept of using stereotactic frames for lesion localization, treatment setup, and patient immobilization during treatment. It was also 
during this time that Lunsford at University of Pittsburgh used the first 201 cobalt-60 source Gamma Knife unit to treat brain lesions stereotactially in the United States. Special collimator helmets (4, 8, 14, and 18 mm) with small apertures 
of corresponding sizes ensure that the 201 gamma ray beams converge at the focal point. Studies have shown that the Gamma Unit is more successful at conforming to the highly irregular shapes of the tumor than conventional LINAC-based 
radiosurgery. The accuracy has been on the order of ± 1.2 to 1.3 mm.[28] [58] [88] With proper planning, education, and awareness, Gamma Knife unit can greatly increase the number of patients being treated with radiosurgery and can be very 
effective for control of skull base tumors. However, minimal complications can arise (e.g., involving the optic structures) in patients who undergo SRS. In general, complications can occur in fewer than 2% of cases when patients receive 
more than 8 Gy as a single dose to a short segment of the optic apparatus.[87] 

Proton Beam

Proton beam radiotherapy has superior dose distribution of radiation compared with photons due to the physical characteristics of protons.[89] [90] Protons can be designed to yield a uniform dose across the target and deliver virtually zero dose 
deep to the target as well as lower dose proximal to the target. Another benefit of proton beam radiotherapy is that the integral dose (dose delivered to the entire body) is approximately one half that of photon beam radiotherapy. This applies 
to both single-field and multiple-field treatment plans. Currently, there are two available and active proton beam units in United States: Massachusetts General Hospital and Loma Linda Medical Center. Approximately 15 more units are 
being built or are in active planning throughout the world. Proton beam units are extremely costly (2.6 times that of photon beam units) and require a tremendous amount of physical space to implement.[31] The small but definite advantage that 
they offer over conventional photon radiotherapy may not justify their widespread use. However, clinical gains have been observed over conventional photon radiotherapy in the treatment of patients with uveal melanoma, chordoma, and 
chondrosarcoma.

CyberKnife

The CyberKnife is a frameless robotic radiosurgical device that has been developed to treat mainly extracranial lesions.[7] This is contrary to the frame-based SRS devices as seen with the Gamma Knife or the LINAC-based radiosurgery. The 
advantages of the CyberKnife include the ability to deliver radiation without a frame, the feature of increased fractionation flexibility, and the ability to treat extracranial lesions. The accuracy of the first generation CyberKnife reported by 
Murphy and Cox in 1996 is found to be comparable to that of the frame-based system, on the order of 1.6 mm. The advances in digital imaging, robotics, and high-speed computers have made the CyberKnife just as accurate as frames on the 
order of 1.1 mm.

The robotic CyberKnife can change the target of the beam delivery instantaneously. Target coordinate can be racked with external markers or with the use of an old stereotactic technique: biplane teleradiography. This is a noninvasive 
alternative to conventional radiosurgical techniques and also facilitates fractionated treatment. To correct for patient misalignment, the device provides both translational as well as rotational corrections. The CyberKnife depends on a 
coregistration of digitally reconstructed radiographs that are generated from computed tomographic (CT) images and x-ray projections that are captured during the treatment session.

Intensity-Modulated Radiation Therapy

IMRT is a refinement of 3D conformal therapy (3D-CRT) that relies on the modulation of radiation beams to deliver a high dose to the tumor target while significantly reducing the dose to the surrounding normal tissues.[54] [71] The underlying 
principle of IMRT is that
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each broad radiation beam is divided into a number of smaller beams called beamlets. This is achieved with the use of an intensity-modulator (e.g., multileaf collimator) or the hardware of IMRT. The different beamlets, each with a different 
intensity, are added to form a dose distribution that is tailored to the shape of the target at hand. IMRT can be divided into two broad categories: forward-planning and inverse-planning therapy. Forward planned multi-segmented technique 
(FPMS), also called "simple" IMRT or forward-planned IMRT (FP-IMRT), can achieve similar dose distributions when compared with inverse-planned IMRT (IP-IMRT). The drawback with FPMS is that optimization is done using manual 
iteration (trial and error) by the planning dosimetrist or physicist. It is heavily dependent on the experience of the treatment planner. With proper placement and weighting of beam angles, the number of iterations can be significantly reduced. 
On the other hand, computer-optimized or IP-IMRT relies on a computer software program that has an optimization algorithm that can achieve an ideal dose distribution based on thousands of iterations. Currently, different treatment 
software is available throughout the world. Most center use commercially available software (e.g., Peacock, Corvus, Pinnacle). Some centers, such as Memorial Sloan-Kettering Cancer Center, use their own in-house computer software.

Head and neck cancers are ideal tumors for IMRT application because the tumors often present in close proximity to multiple critical normal tissues such as the brainstem, optic chiasm, optic nerves, and spinal cord.[54] [99] In addition, because 
there is a lack of organ motion in the head and neck region, daily patient setups can be reproduced appropriately, with adequate immobilization. Furthermore, because head and neck cancer often presents in a locally advanced stage, potential 
dose escalation to the primary tumor using IMRT may result in an improvement in local control. However, an important issue cannot be over-looked involving the use of IMRT. IMRT has a very sharp dose fall-off gradient between the target 
and surrounding normal tissue, thus making adequate target volume delineation absolutely essential. The treatment planning system will not treat areas not drawn on the CT slices, and the algorithm will even "work hard" to spare regions that 



are not contoured. Precise target volume delineation is dependent on a thorough physical examination and adequate imaging studies such as magnetic resonance imaging (MRI), especially near the skull base region. Given these factors, target 
volume delineation ideally should be done with a multidisciplinary team approach consisting of the involvement of a radiation oncologist, a neuroradiologist, and in the postoperative setting, a head and neck surgeon. The target volumes of 
each case are carefully and accurately defined jointly by the multidisciplinary team. Therefore, to use this new technology properly and effectively, IMRT requires a dedicated team of physicians, physicists, dosimetrists, and therapists to 
work together.

TREATMENT OF CRANIAL BASE TUMORS

The cranial base can be divided into three regions: the anterior, middle, and posterior skull base. The complex anatomy of this region requires a multidisciplinary approach to skull base neoplasms. Definitive and complete surgical resection 
with or without postoperative radiotherapy is in general the favored treatment approach, with the exception of nasopharyngeal cancer. At the time of initial diagnosis, there should be close communication between the surgeon and the 
pathologist to ensure adequate tissue for diagnosis and subsequent confirmatory studies when necessary. It is absolutely essential that the surgeon and the pathologist be in direct communication regarding sites of surgical margins of greatest 
concern, as well as the orientation of the resected specimens. In addition, placing surgical clips at the time of surgery in the areas of concern can also provide very useful information for the treating radiation oncologist so that he or she will 
have a better understanding of where to focus the highest dose of radiation.

Anterior Cranial Base

The anterior cranial base extends from the frontal bone, which contains the frontal sinus, to the anterior and superior edge of the greater wing of the sphenoid bone. The posterior wall of the frontal bone forms the anterior limit of the anterior 
cranial base. This anterior base is above the orbital roofs and contains the frontal poles of the brain. The roof of the ethmoid and sphenoid sinuses forms the floor of the anterior cranial base between the bilateral orbits. The olfactory nerves 
(cranial nerve I) exit through the foramina (cribriform plate) of the anterior skull base into the nasal cavity.[12] 

Tumor involvement of the anterior cranial base is the result of contiguous spread from the paranasal sinuses, nasal cavity, or nasopharynx. Benign lesions such as meningioma, juvenile angiofibroma, fibroosseous lesions, and malignant 
lesions such as esthesioneuroblastoma (ENB) and squamous cell carcinoma, can originate from this location. The role of radiotherapy in the treatment of juvenile angiofibroma and ENB will be discussed in this section. Meningioma will be 
discussed at a later section.

Juvenile Angiofibroma

Juvenile angiofibroma (JNA) is a relatively uncommon, highly vascular, and benign tumor that presents
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mostly commonly in adolescent males at a median age of 14 years.[98] It represents fewer than 1% of all head and neck tumors. JNA arises from cells in the region of the sphenopalatine foramen. Although it is histologically benign, it can have 
an aggressive destructive behavior, eroding into adjacent structures and causing functional injury.[33] Patients can present with obstructive-like symptoms causing difficulty in breathing, epistaxis, a nasal mass, cheek swelling, visual changes, 
proptosis, or decreased hearing. Approximately 10% to 36% of the patients can present with intracranial involvement, with pituitary, anterior, and middle cranial fossae being the most common sites.[37] Tumor can spread from the 
pterygomaxillary fissure and infratemporal fossa into the superior and inferior orbital fissure via direct erosion of the sphenoid sinus to the sella turcica and cavernous sinus, thus invading the internal carotid artery. Tumors can also extend 
along the lamina of the ethmoid sinus and the cribriform plate into the anterior cranial fossa. Tumors are often asymptomatic until they become large and involve critical structures. Significant morbidity and even death has occurred as a 
result of intracranial extension or hemorrhage.[25] [33] [74] [98] 

Most authorities agree that surgery is the primary treatment modality for early-stage disease. Complete surgical resection can offer cure for these patients without causing excessive morbidity.[91] However, in situations where the patients 
present with more locally advanced disease, controversy arises regarding the best treatment approach.[29] Patients can present with widespread cranial base extension or intracranial involvement, posing difficulty for the surgeon to completely 
excise the gross tumor. Therefore, a combination of surgery followed by postoperative radiotherapy is used depending on the clinical scenario. For example, radiosurgery has been used as a boost to the residual tumor after resection.[15] 

Definitive radiotherapy can offer local control for JNA. * Radiotherapy has offered promise in curing JNA and is used in instances where the tumor is unresectable or when surgery can cause excessive morbidity and even mortality. Residual 
changes on follow-up imaging studies are seen and remain stable even with longer follow-up.[46] A retrospective study out of University of California-Los Angeles Medical Center examined the role of radiotherapy in the treatment of 
advanced JNA patients.[50] Twenty-seven of 140 patients underwent definitive radiotherapy between 1960 and 2000. These patients all presented with intracranial extension, pterygomaxillary fossa, or orbital involvement. The dose of radiation 
used was anywhere between 30 and 35 Gy. Only four patients (15%) recurred 2 to 5 years after treatment. Late complications occurred in four patients consisting of growth retardation, panhypopituitarism, temporal lobe necrosis, cataracts, 
and radiation keratopathy. Similarly, another series from University of Florida analyzed 15 patients treated with definitive radiotherapy. [79] All patients had a 2½-year minimum follow-up and advanced disease, with two thirds of the patients 
having intracranial extension. Local control was obtained in 85% of the patients. The median time to complete response was 13 months. Six patients had residual disease for longer than 24 months, of which two subsequently recurred. No 
patients who achieved complete response within 24 months developed recurrence. The two patients had recurrences and both were salvaged with surgery. Late complications included cataracts in three, delayed transient central nervous 
system syndrome in one, and basal cell carcinoma of the skin in one patient.

Princess Margaret Hospital in Toronto reported the largest series of patients with JNA treated with primary external beam radiation.[13] Between 1956 and 1980, 55 patients received a course of radiation from 30 to 35 Gy over a 3-week period. 
When analyzing the data, 42 of the 55 patients had no evidence of recurrence after 3 to 26 years of follow-up, and 11 were found to have recurrences 12 to 101 months after radiotherapy. Six patients were given another course of radiation to 
a total dose of 20 to 35 Gy, whereas the other five patients underwent surgery. Failures were attributed to insufficient treatment volume resulting in geographic miss. With advances in technology, geographic misses as well as late 
complications can be further minimized. IMRT has shown tremendous promise in the treatment of JNA. One series[47] reported the advantage of IMRT over conventional techniques by limiting the dose delivered to the optic nerves, optic 
chiasm, brainstem, spinal cord, lens, retina, mandible, and parotid in treating patients who are diagnosed with recurrent JNA. No acute toxicity was observed at a dose of 34 to 45 Gy, and late toxicity was limited to one episode of epistaxis 
and persistent rhinitis.

Esthesioneuroblastoma

First described in 1924, ENB remains a relatively rare entity. It is also known as "olfactory neuroblastoma," and it accounts for 1% to 6% of all intranasal cancers, which constitute fewer than 1% of all human malignancies.[3] [19] The tumor 
arises from the olfactory mucosa at the cribriform plate and frequently invades the paranasal sinuses, the orbits, and the skull base. Patients present with symptoms of nasal obstruction, epistaxis, nasal discharge, sinus pain, visual changes,



*References [25] [32] [45] [62] [79] [98] . 
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facial numbness, or a neck mass. Tumors are often locally advanced on presentation. Cervical nodal metastases have been reported in 17% to 27% of patients, whereas distant metastases have been in the order of 10% to 40%. Different 
staging systems have been used by different centers.[17] MRI in addition to CT is very useful as part of the staging workup because it can better differentiate between tumor and secretions caused by sinusitis.

Prognostic factors include age, stage, sex, and grade.[26] Patients older than 50 years of age have a worse prognosis than females. Those who present with nodal disease have a lower survival than those with node-negative disease (29% vs 64% 
at 5 years). Grade has also been reported to be an important prognostic factor. Hyams' grade[43] is based on defined histologic features, such as lobular architecture, neurofibrillary background, rosettes, nuclear pleomorphism, mitosis, necrosis, 
and calcification of the tumor. Each of these features is assigned a numerical grade (the Hyams' grade). Patients who present with a high Hyams' grade did significantly worse in one series compared with those with a low Hyams' grade (36% 
vs 81% 5-year overall survival).

Locoregional failure rates after definitive treatment of EBN have been reported in the range of 24% to 75%,  

TABLE 169-1 -- RESULTS OF TREATMENT FOR ESTHESIONEUROBLASTOMA

  OVERALL SURVIVAL % DISEASE-FREE %  

Author/Center Follow-Up Survival (yrs) 5 yrs 10 yrs 15 yrs 5 yrs 10 yrs LR

Eden/UVa (1959–1991) n = 40[19] 10.8 78 yrs 71 yrs 65 yrs   38%

Dulguerov/UCLA (1970–1990) n = 26[18] •7.2 74 yrs 60 yrs    30%

Simon/U Iowa (1978–1998) n = 13[85] •6.3 61 yrs 24 yrs  56 yrs 42 yrs 31%

Argiris/Northwest (1981–2000) n = 16[2] •4.3 60 yrs   33 yrs  75%

Chao/Mallinckrodt (1976–1996) n = 25[8] •8.0 66 yrs   56 yrs  27%

Foote/Mayo Clinic (1951–1990) n = 51[26] •6.0 61 yrs   55 yrs  34%

Eich, Germany/U. Cologne (1981–1998) n = 17[20] •7.2 •7.8 Y (median survival) 60 yrs  24%

LR, local recurrence.
 
and the 5-year overall survival rates ranged from 60% to 78% ( Table 169-1 ). Patients treated with surgery and radiation had a 5-year local control rate of 87.4% vs 51.2% with radiation alone in one series. Patients who failed treatment 
locoregionally failed within the ethmoid sinus or the orbit. Patients can also fail distantly in the liver or the brain parenchyma.

There is little consensus in the literature regarding the different therapeutic approaches; however, combination therapy generally has demonstrated greater benefits than single-modality therapy. One series reported a recurrence-free rate of 
92% in those who underwent surgery followed by adjuvant radiation vs 14% for surgery alone and 40% radiation alone.[18] Radiation in addition to surgery has been shown to improve survival by as much as 20.[17] Most authorities favor 
craniofacial resection followed by adjuvant radiation therapy for patients who present with Kadesh stage A (limited to tumors of the nasal fossa) and B (extension to the paranasal sinuses) disease.[17] [19] In those who present with stage C 
(extension beyond the paranasal sinuses) disease, chemotherapy such as cisplatin, cyclophosphamide, etoposide, doxorubicin, and vincristine is often added to surgery and radiation. Some centers advocate preoperative chemoradiotherapy 
before radical craniofacial resection.[19] One
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series reports 5- and 10-year overall survival rates of 81% and 54.5%, respectively. [76] Chemotherapy (cisplatin and etoposide) in conjunction with proton beam radiotherapy (equivalent to 68 Gy of photon irradiation) has been used with 
success in a small series of nine patients. With a short median follow-up of 20.5 months, eight of nine patients have been controlled. Longer follow-up will be required to determine the long-term success rates. Chemotherapy has also been 
used as a palliative modality and was found to have modest efficacy in patients who present with intracranial metastases.[80] The median survival is poor at 10.5 months.[61] 

The technique of radiation used to treat ENB has evolved over time from intracavitary radium implants, cobalt-60, and orthovoltage treatment to the current use of photon or proton beam irradiation. * Conventional techniques require the use 
of three fields, one anterior and two lateral wedged fields to encompass the target volume. Traditional radiotherapy dosages range from 50 to 65 Gy given postoperatively. Due to the proximity of the tumor target to multiple critical normal 
tissues, such as the orbital structures, there is often a limitation of dose that can be safely delivered to the tumor or the operative bed. It is likely that with IMRT and with the use of stereotactically guided conformal radiotherapy, much higher 
doses of radiation can be delivered safely to control the tumor target without exceeding the normal tissue tolerance ( Figure 169-1 ). Ultimately, this may translate into an improvement in local control as well as survival.

Middle Cranial Base

The intracranial portion of the middle cranial base is composed of the greater wing and body of the sphenoid body, the petrous bone that is anterior to the petrous ridge, and the squamous portion of the temporal bone.[18] The temporal lobes of 
the brain occupy most of the space. The sella turcica is below the optic chiasma and located behind the posterior wall of the sphenoid sinus. The pituitary gland resides within the sella. On either side of the sella turcica is the cavernous 
venous sinus, which is a common site for tumor involvement in the cranial base. The cavernous sinus houses cranial nerves III, IV, V1, V2, and VI. The extracranial surface of the middle cranial base comes in contact with the temporal fossa, 
the infratemporal fossa, the pterygopalatine fossa (space between the posterior wall of the maxillary sinus and pterygoid plates), and the poststyloid space. The foramen ovale, through which V3 passes, and the foramen spinosum, which 
transmits the middle meningeal artery, are located within the infratemporal fossa. The eustachian tube exits the skull base just medial to the 

 



Figure 169-1 This patient presented with esthesioneuroblastoma extending intracranially. The patient underwent complete surgical resection and is receiving postoperative intensity-modulated radiation therapy (IMRT) to the surgical bed. 
The red colorwash is the preoperative gross tumor volume, and the magenta colorwash is the subclinical target volume. Notice that IMRT has the ability to tailor the prescription isodose lines around the target while sparing the critical 
surrounding orbital structures. 
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axial skeleton with 36% of the cases involving the base of skull with a slight male predominance. The average age at diagnosis is around 38 years of age when it involves the head and neck region.[14] [38] [42] These tumors are slow growing and 
the development of symptoms will depend on the route of spread, intracranially, or inferiorly to involve the nasopharynx, maxillary sinus, or the nasal cavity. Symptoms may include headache, visual disturbances, diplopia, nasal obstruction, 
otalgia, and proptosis. Radiographically, it appears as an expansile, osteolytic lesion with areas of calcifications and is associated with a soft tissue mass. Local tumor control is essential for long-term survival because salvage treatment after 
local recurrence is often not successful. Definitive radiotherapy alone using 2D photon beams results in recurrences in over 80% of the cases within 5 years of treatment and can be fatal within a time period from weeks to several decades.[38] 

Treatment of skull base chordomas is challenging and fairly complex because it often requires repeated, extensive surgical resections followed by high-dose postoperative radiotherapy. Due to the nearby critical neural and vascular 
structures, a total surgical resection is difficult and uncommon.[1] [30] [97] With modern high-precision, 3D treatment techniques, control rates have been reported that are superior to conventional radiotherapy techniques. Local control rates given 
postoperatively in the order of 82% at 2 years and 50% at 5 years have been reported when using CT- or MRI-based 3D planning to a median dose of 66.6 Gy.[16] With high-dose conformal radiotherapy to the skull base, radiation-induced 
damage to the hypothalamus and pituitary gland can occur.[72] Patients can have hyperprolactinemia followed by hypothyroidism, hypogonadism, and finally hypoadrenalism. Heavy-particle carbon ions and protons have also been used with 
more success than conventional photon radiotherapy, with a control rates up to 90%.[5] [66] [69] Further research is needed to compare high-precision radiotherapy vs particle beam radiotherapy in terms of the efficacy and toxicity of each modality.

Craniopharyngioma

Craniopharyngiomas represent 2% to 9% all intracranial malignancies in children and the adolescents.[78] There is a peak in childhood as well as in the sixth to eighth decades of life.[81] These are benign tumors derived from the epithelial origin 
that arise from the Rathke's pouch in and around the suprasellar region. These tumors are generally well circumscribed and encapsulated. However, although histologically benign, they behave aggressively and often are found in a critical 
brain location in the sellar region. They can be adherent to the optic nerves or chiasm, the major vessels of the circle of Willis, the infundibulum, the pituitary gland, and the hypothalamus. Large surgical series have shown that complete 
surgical resection is possible 57% to 90% of the time.[41] [92] Even with radical resection, recurrence can still occur up to 15% to 37%. When the tumor is incompletely excised, recurrence can be as high as 70%. Postoperative complications are 
substantial after radical surgery. Mortality rates have been reported around 1% to 3%. Significant visual loss, neurologic dysfunction, and endocrine disturbance often occur after radical surgery. Therefore, many authors recommend subtotal 
resection or biopsy followed by radiotherapy.[63] Local control rates in the range of 70% to 100% have been reported after 10 years of treatment with definitive radiotherapy or postoperative radiotherapy.[63] [83] [96] 

Different radiotherapeutic techniques have been used to treat craniopharyngioma. These range from 2D radiotherapy using multiple fields to 3D conformal radiotherapy, proton beam radiotherapy, or fractionated stereotactic radiotherapy. [9] [35] 
[64] [93] Multiple-field techniques can result in isodose lines that completely encompass the tumor volume by standard 2D dosimetry; however, late toxicities are observed. Varlotto and others[96] published the University of Pittsburgh's experience 
of treating 24 craniopharyngioma patients of whom only 19 patients had subtotal resection. The mean dose delivered was approximately 60 Gy. The actuarial survival rates at 10 and 20 years were 100% and 92.3%, respectively. No local 
failure occurred with doses of 60 Gy or more. The authors recommended treating craniopharyngioma with 1.6 to 1.7 Gy daily to a total dose of 60 Gy to optimize the outcome from external beam radiotherapy. The complication-free survival 
rates at 10 and 20 years were 80% and 72%, respectively. Complications consisted of infarction of the left side of the pons, optic neuropathy, left-sided hemiparesis, visual field defect, mental status changes, thalamic infarct, memory loss, 
and left-sided visual field defect. Most of the complications occurred within the first 5 years. Due to the inability to minimize treatment-related sequelae, the use of a more sophisticated radiotherapy treatment planning technique can perhaps 
further reduce the morbidity due to treatment.[36] [63] When more sophisticated radiotherapy techniques are used (e.g., fractionated stereotactic radiotherapy), one series reported 100% local control rate and survival without causing excessive 
toxicities.[83] Only impairment of hormone function was noted. No vision impairment, radionecrosis, or secondary malignancies were observed.

Nasopharyngeal Carcinoma

NPC is common among Asians, especially persons from Southern China, but it represents fewer than 1%
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of all cancers in the United States.[101] The standard treatment of patients with early-stage nasopharyngeal cancer is definitive radiotherapy, whereas those with locally advanced tumors are treated with a course of definitive chemoradiotherapy.
[51] Historically, local control rates have ranged from 64% to 95% for stage T1 and T2 tumors, and for T3 and T4 disease the local control rate decreases to between 44% and 68%. The 5-year overall survival rate has been reported to be between 
36% and 58%. IMRT has absolutely gained popularity in the treatment of head and neck cancer, especially nasopharyngeal cancer. The intensity of the radiation beams can be modulated so that a highly conformal dose of radiation can be 
delivered to the tumor target without causing excessive toxicity to the patient. IMRT is especially ideal in patients who present with locally advanced nasopharyngeal tumors in which it is nearly impossible to deliver a meaningful dose of 
radiation to the tumor without causing blindness, brainstem injury, or necrosis. Figure 169-2 is an example of a patient with locally advanced NPC treated with IMRT. The longest experience of using IMRT in the treatment of NPC is the 
series from 

 
Figure 169-2 This patient presented with T4 N2 nasopharyngeal cancer. He was treated with definitive chemoradiotherapy using intensity-modulated radiation therapy. Coronal view of the target. The gross tumor volume is shown in the red 
colorwash, whereas the subclinical target volume is shown in the magenta colorwash. The dark blue line is the 70-Gy isodose line, and the light blue line is the 59.4-Gy line. Notice the nice conformality of the isodose lines encompassing the 
respective target volumes while sparing the critical structures (i.e., chiasm and brainstem). Notice that the parotid glands are outside the high-dose regions with a mean dose of 28 Gy. 
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experience symptomatic response to treatment with local control rates of 95% at 2 years and 78% at 3 years. Radiosurgery can provide good local control and symptomatic relief in patients with recurrent salivary gland malignancies 
involving the skull base.[52] 

Aggressive surgical resection is the preferred treatment for skull base meningioma. With advances in microsurgical techniques, optimal opportunity for long-term remission is observed. For tumors that recur or are unresectable, SRS and 
conformal fractionated radiation therapy or IMRT can provide safe, palliative treatment with favorable long-term outcomes.[23] [95] Radiotherapy is also used in adjuvant settings when there is incomplete resection. Although microsurgical 
excision with preservation of juxtaposed neurovascular structures is the treatment of choice for skull base meningiomas, there are controversies regarding the resectability and the potential risk of subsequent postoperative cranial nerve 
deficits. Gamma Knife radiosurgery has been used for the treatment of skull base meningiomas either as an alternative or as an adjuvant therapy with a control rate up to 90%.[23] [44] Complications include peritumorous imaging changes and 
transient cranial nerve dysfunction. Radiation-induced imaging changes were seen mostly in convexity, parasagittal, and falx meningiomas that were deeply embedded in the cortext.[6] IMRT has also been used in the treatment of recurrent, 
residual, or untreated skull-base meningiomas with a median target volume of 108 cc. The mean dose ranged between 55.8 and 58.2 Gy with 32 fractions. IMRT is feasible and safe and offers highly conformal irradiation for complex-shaped 
skull-base tumors while sparing adjacent critical structures. [75] 
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Chapter 170 - GENERAL CONSIDERATIONS

J. Scott McMurray 
Mark A. Richardson 

INTRODUCTION

For many, there is no greater reward than helping children afflicted with illness. Pediatric otolaryngology has developed as a subspecialty within otolaryngology as a bridge between the surgical discipline and pediatric medicine. Nearly every 
otolaryngologist will treat children during their practice. An estimated 25% to 50% of a general otolaryngologist's practice may be related to pediatric problems. It has therefore become an important part of all training programs.

As the saying goes, children are not simply little adults. Often unique approaches are required for their evaluation, diagnosis, and management. Although the child is of prime concern, the parents—as the child's guardians who must make 
decisions regarding the ultimate treatment options—must also be kept in the loop and must be approached with compassion. This is obvious to nearly all who have had to make medical decisions for a loved one but may not be as obvious to 
those who have not. The love and emotions for one's child may make even the most calm and rational person unable to comprehend events and medical explanations. It is up to the surgeon to monitor and modify his or her approach and 
explanation both to the child and the parent. This is not always an easy task, but one that is most rewarding.

Smaller and more premature neonates are surviving and sicker children are recovering from significant illnesses as neonatal and pediatric intensive care units, as well as the physicians who care for them, continue to advance. This has lead to 
a demand for the management of disorders encountered in this population, namely intubation trauma, bronchoesophagology, infectious disease, tumors, and congenital malformation. A multidisciplinary approach is often required. Agreement 
among the pediatric specialists and the general pediatrician is important, raising a third layer of communication that is required for successful treatment of the child and family.

Physiologic differences between infants, children, and adults have occupied major research efforts and complete textbooks. The following introductory comments are meant to point out some of the basic differences among neonates, infants, 
and adults and should be used as a starting point for further investigation.

RESPIRATORY SYSTEM

Control of Ventilation

Emergence from an underwater world, where the child relied on placental exchange of gases and nutrition, induces tremendous changes in a neonate's physiology and anatomy. Some of these changes occur rapidly at birth and others proceed 
more slowly. These significant changes can make the neonate's interpretation of problems difficult. In particular, the assessment of the control of ventilation in the neonate may be difficult. Interventions used to obtain measurements, such as 
a mask on the face or a tube in the laryngotracheal unit, may induce significant changes in ventilation. Measurements of ventilation to assess respiratory drive also depend on the assumption that the respiratory muscles are capable of 
converting this drive into work, which is not always the case in infants and neonates.

Muscle fibers have been found to fall into two categories. Type I fibers are slow twitch, highly oxidative, and fatigue resistant. Type II fibers are fast twitch and are easily fatigable. Newborns have a paucity of type I muscle fibers but 
develop them shortly after birth. The muscle fibers in the diaphragm of a preterm infant are composed of fewer than 10% of type I fibers. The muscle fibers of a full-term infant may be 30% type I fibers. The percentage of type I fibers 
increases to 55%, the expected adult level, during the first year of life. Preterm infants are more prone to respiratory fatigue, which disappears as they reach maturity.
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Other subtle differences in sleep patterns also affect control of ventilation. Preterm infants spend as much as 50% to 60% of their sleep state in the rapid eye movement (REM) state. During REM sleep, the intercostal muscles are inhibited, as 



are most of the other skeletal muscles. This places a greater burden on the diaphragmatic activity. Much of this activity may be wasted as the chest wall can move paradoxically in the very young. This readily leads to hypoventilation, 
increased respiratory drive, and diaphragmatic fatigue.

Biochemical and reflex controls of ventilation are similar but incompletely developed in full-term neonates when compared with adults. Neonates have a higher basal metabolic rate when compared with adults. This is reflected in higher 
ventilation, relative to body mass at any given partial pressure of carbon dioxide. Increases in ventilation are proportionately similar, however, in infants and adults with an increase in partial pressure of carbon dioxide. This concordance in 
response is not seen in preterm infants. Their response to increases in partial pressure of carbon dioxide is blunted when compared with full-term infants and adults. Differences are also seen in the response to partial pressure of oxygen 
between premature and full-term infants and adults. The administration of 100% oxygen decreases ventilation in the very young, suggesting the existence of chemoreceptor activity not generally seen in adults.

Gestational age, postnatal age, body temperature, and sleep state modify the ventilatory response of newborns to hypoxia. Preterm and full-term infants less than a week old, who are awake and euthermic, usually demonstrate biphasic 
breathing. They often have tachypnea followed by hypoventilation. Hypothermic infants have a blunted response to hypoxia with respiratory depression, but they do not have the initial hyperpnea. The central effects of hypoxia on the 
respiratory center may cause depression of ventilation. Active peripheral chemoreceptors are unable to maintain a significant influence over this response. REM sleep may also decrease the response to hypoxia in these infants. Sleep states 
other than REM exhibit an increase in the ventilatory response to hypoxia. Arousal from sleep during hypoxia is not seen in newborns but develops during the first few weeks of life. These slightly older infants have maturation of the 
chemoreceptors that increase their ventilatory drive to hypoxia. Interestingly, there is also a decreased response to hypercarbia when associated with hypoxia in newborns that is not seen in older infants and adults.

Reflexes arising from the lung and chest wall are probably more important in maintaining ventilation in newborns, determining the respiratory tidal volume. Periodic breathing is common in preterm and full-term infants. These periods of 
alternating rapid ventilation followed by apnea may be common and can be considered normal. It is thought to result from dyscoordination of the feedback loops controlling ventilation. During the apneic part of periodic breathing, partial 
pressure of carbon dioxide may increase, but changes in heart rate do not. Generally, no serious physiologic consequences are seen. This response often ceases by 6 years of age. Some preterm infants, however, may demonstrate serious and 
potentially life-threatening episodes of apnea. These episodes may last longer than 20 seconds and are accompanied with bradycardia. Apneic episodes may represent a failed response to hypoxia. As these episodes are more commonly seen 
during REM sleep, ventilatory fatigue, as well as impaired chemoreceptor response to hypoxia, may be the cause. Usually, stimulation is all that is required to terminate the apneic event. Aminophylline treatment generally decreases the 
apneic episodes through central stimulation. Continuous positive airway pressure (CPAP) may also be helpful to decrease apneic episodes by modifying the lung and chest wall reflexes.

LARYNGOSPASM

The prime function of the larynx is to protect the lungs from aspiration. Hence, the laryngeal adductor response is a very strong reflex. The robustness of the reflex has been shown to change with age and maturity in animal models. It is 
strong enough to be lethal in some instances. When laryngeal adduction is coupled with tachycardia, hypertension, and apnea, it is termed laryngeal chemoreflex (LCR). The LCR can be induced by acid, base, and pressure, but it is most 
sensitive to water and is ablated by saline. This may have implications for sudden infant death syndrome (SIDS). Evolving responses with age to hypoxia, hypercarbia, and laryngeal stimulation that causes the LCR may explain the age 
pattern seen with SIDS. Deaths attributed to SIDS have dramatically decreased as a result of a change in the recommended sleep position of children—from prone to supine. Elimination of hypercarbia from rebreathing may be the 
mechanism behind the decrease in SIDS deaths. Hypercarbia is a known potentiator of the LCR. An increased awareness and more aggressive stance toward the treatment of infant reflux may also have decreased a potential stimulus for the 
LCR. Decreased bolus size, increased feeding frequency, frequent burping, and positioning to discourage regurgitation have been helpful to decrease the incidence of reflux in infants and perhaps the incidence of apneic spells and infant 
breathing issues.
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LUNG VOLUMES

In proportion to body size, the total lung capacity, functional residual capacity, and tidal volume are roughly equivalent in adults and infants. In the full-term infant the total lung volume is approximately 160 mL, with functional residual 
capacity at about half of this volume. Tidal volume is about 16 mL and dead space is about 5 mL. When compared with adults, however, any increase in dead space is much more significant in the infant, related to their small lung volumes. 
In contrast to static lung volumes, however, alveolar ventilation is proportionately much larger in newborns (100–150 mL/kg of body weight) than in adults (60 mL/kg of body weight). This higher alveolar ventilation in infants results in a 
higher ratio (alveolar-functional residual capacity ratio), 5:1 compared with 1.5:1 in adults. Consequently, the functional residual capacity is much less of a buffer in infants, so that changes in the concentration of inspired gases are much 
more rapidly reflected in alveolar and arterial levels. This explains why it is easier to anesthetize an infant with inhalational techniques than adults. Along with a higher metabolic rate per body weight seen in infants, this helps explain why 
the reserve in infants is not as great as in adults. The time from apnea to oxygen desaturation is much shorter in infants than in adults. This may make surgical maneuvers that require short apneic periods more of a challenge in infants than in 
adults.

The total surface area of the air-tissue interface of the alveoli in infants is small (2.8 m2 ). When this relatively small gas exchange area is combined with the higher relative metabolic rate, infants have a reduced reserve capacity for gas 
exchange. This difference has increased importance when congenital defects interfere with lung growth and development if the lung parenchyma becomes damaged. The remaining healthy lung may not be adequate to sustain life.

RESPIRATORY RATE

The most efficient respiratory rate for newborns has been calculated to be 37 breaths per minute. This is close to the observed rate for average newborns. Full-term infants are similar to adults, requiring about 1% of their metabolic energy to 
maintain ventilation. The cost of breathing then is 0.5 mL/0.5 L of ventilation. Preterm infants have nearly a doubling of the oxygen cost of breathing (0.9 mL/0.5 L of ventilation). This dramatically increases if the lung parenchyma is 
diseased or damaged by prematurity. This increased cost of respiration necessitates higher caloric and nutritional demands. Respiratory rate can directly impact an infant's ability to complete the suck-swallow-breathe cycle as well. If gas 
exchange is poor, ventilation rates may increase. This increase in respiratory rate may not allow an adequate time for the suck-swallow portion of feeding. Caloric intake dramatically decreases, as the infant chooses breathing over feeding. A 
vicious cycle begins spiraling into failure to thrive.

Ventilation-Perfusion Relationships

Ventilation and perfusion are imperfectly matched in the neonatal lungs. Some persistent anatomic shunts in the newborn circulatory system, as well as a relatively high closing volume in the lungs, cause this mismatch. The normal arterial 
oxygen tension in a newborn breathing room air is 50 mm Hg. This increases dramatically during the first 24 hours of life, with changes in fetal circulation and lung parenchyma. It continues to change slowly during the next months and 
years ( Table 170-1 ).



CARDIOVASCULAR SYSTEM

Newborn Heart and Cardiac Output

The heart of a healthy neonate is much different than that of an adult. The thickness of the right ventricle exceeds that of the left, as seen by the normal right axis deviation of the neonatal electrocardiogram. Shortly after birth and with 
closure of the fetal circulation, the left ventricle enlarges disproportionately. By 6 months of age, the adult ventricular size ratio is established.

The newborn myocardium is significantly different from the adult myocardium as well. The newborn myocardium contains fewer contractile fibers and more connective tissue. Consequently, neonatal ventricles are less compliant at rest and 
generate less tension during contraction. The usual Starling curves of contractility that we are familiar with in the adult cardiovascular physiology do not hold true for the neonatal heart. Cardiac output is rate dependent in the neonatal heart. 
Bradycardia invariably equates with reduced cardiac output. Because of the differences in compliance and contractility in the neonatal heart, the increased contractility necessary to maintain cardiac output during bradycardia, is not possible. 
The low compliance of the relaxed ventricle limits the size  

TABLE 170-1 -- ARTERIAL OXYGEN TENSION (PAO2 ) IN HEALTHY INFANTS AND CHILDREN

Age PaO2 in Room Air (mm Hg)

0–1 week 70

1–10 months 85

4–8 years 90

12–16 years 96
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of the stroke volume, therefore increases in preload are not as important in neonatal physiology as is heart rate. This is extremely important to remember during surgical procedures and anesthetics, which may induce bradycardia. Autonomic 
innervation is also incomplete in the neonatal heart, with a relative lack of sympathetic elements. This may further compromise the ability of the less contractile neonatal myocardium to respond to stress.

As heart rate is so important in the very young, the normal range for the newborn is 100 to 170 beats per minute. The rhythm is regular. As the child grows, the heart rate decreases ( Table 170-2 ). Sinus arrhythmia is common in children, but 
all other irregular rhythms should be considered abnormal. The average newborn systolic blood pressure is 60 mm Hg, whereas the diastolic pressure is 35 mm Hg.

Blood Volume

Intravascular blood volumes vary tremendously during the immediate postnatal period, related to the amount of blood transferred from the placenta to the child. Stripping the cord after birth or delays in clamping the umbilical cord may 
increase the blood volume by more than 20%, resulting in transient fluid overload and respiratory distress. Conversely, fetal hypoxia during labor causes vasoconstriction and a shift of blood to the placenta. Thus, fetal hypoxia may lead to 
hypovolemia after birth.

Because the total blood volume of an infant is small, significant blood loss can accompany relatively minor surgical blood loss. It has been observed during exchange transfusions that withdrawal of blood parallels a decline in systolic blood 
pressure and cardiac output. This is reversible to normal parameters with replacement of the same blood volume that was removed. Changes in arterial blood pressure with normal heart rates are thus proportional to the degree of 
hypovolemia. A newborn's ability to adapt the intravascular volume to the available blood volume is limited because of less efficient control of capacitance vessels and to immature or ineffective baroreceptors.

 
TABLE 170-2 -- HEART RATE (BEATS/MINUTE) FOR CHILDREN BY AGE

Age Average Range

Newborn 120 100–170

1–11 Months 120 80–160

2 Years 120 80–160

4 Years 100 80–120

6 Years 100 75–115

10 Years 90 70–110
 
The infant's systolic arterial blood pressure is closely related to his or her circulating blood volume. Blood pressure is then an excellent guide to the adequacy of blood or fluid replacement during anesthesia, a fact that has been confirmed by 
extensive clinical experience.

Response to Hypoxia

Because of a relatively high metabolic rate seen in neonates and the relatively low reserve for gas exchange as described earlier in this chapter, hypoxemia can develop rapidly in neonates whose first sign of a complication is usually 
bradycardia. During surgery, any unexplained episode of bradycardia should be initially treated with oxygen and increased ventilation. During hypoxemia, neonatal pulmonary vasoconstriction and hypertension occurs more dramatically than 
in adults. This can shift them back into fetal circulation, compounding the problem. Changes in cardiac output and systemic vascular resistance also differ from those in older children and adults. During hypoxemia in adults, the principal 



response is systemic vasodilatation that, together with an increase in cardiac output, helps to maintain oxygen transport to the tissues. Fetuses and some neonates respond to hypoxemia with system vasoconstriction. In the fetus, hypoxemia 
shifts blood to the placenta to improve gas exchange and oxygenation. After birth, however, hypoxemia may lead to decreased cardiac output, thereby further limiting oxygen delivery and increasing cardiac work. In infants, early and 
pronounced bradycardia may result from myocardial hypoxia and acidosis.

Neonates exposed to hypoxemia suffer pulmonary and systemic vasoconstriction, decreased cardiac output, and bradycardia. Rapid recognition and intervention is necessary to prevent cardiopulmonary collapse, cardiac arrest, and death.

Blood Volume and Oxygen Transport

Neonatal blood volume is approximately 80mL/kg at term and 20% higher in preterm infants. The hematocrit is 60% and the hemoglobin content is 18 g/100mL. The values vary by infant, depending on when the umbilical is clamped. Little 
changes occur in these values during the first week of life, after which the hemoglobin level declines. The hemoglobin level change occurs more rapidly in preterm infants.

Approximately 70% to 90% of the hemoglobin in a full-term infant is the fetal type. Fetal hemoglobin has a higher affinity for oxygen than adult hemoglobin. It combines with oxygen more readily but also releases oxygen less efficiently at 
the tissue level than adult hemoglobin. The increase in hemoglobin content in neonates is required to overcome this higher affinity
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of fetal hemoglobin for oxygen. Less than 12 g/100 mL constitutes anemia. Correction of anemia by blood transfusion is indicated if the infant requires oxygen or is experiencing apnea.

During the first weeks of life, the hematocrit drops as a result of early suppression of erythropoiesis. The fetal type of hemoglobin is replaced with the adult type of hemoglobin with more optimal oxygen carrying capacity. This physiologic 
anemia reaches its nadir at 2 to 3 months with a hemoglobin content of 9 to 11 g/100 mL. Provided that nutrition is adequate, the hemoglobin level will then gradually raise during several weeks to 12 to 13 g/100 mL, which is maintained 
throughout childhood.

FLUIDS AND FLUID MANAGEMENT

As with adults, preoperative, intraoperative, and postoperative fluid management are extremely important. Some of the physiologic differences outlined earlier in this chapter make fluid administration even more critical. Because of their 
small intravascular volume (70–80 mL/kg), infants who experience small changes in fluid balance can easily become dehydrated or overloaded with fluid. Extreme vigilance, early recognition, and tight control are required when managing 
fluid balance in children. Compartmentalization of total body water changes with age, but intracellular and extracellular electrolyte composition remains stable ( Table 170-3 ). Calculating the maintenance fluid requirements for a child can 
be based on relatively simple formulae that vary according to metabolic and physical activity. The basis for water utilization in caloric expenditure under normal conditions during bed rest is described in Table 170-4 . The calculation of 
water loss per calorie is described in Table 170-5 . The correspondence of necessary fluid intake proportional to weight is described in Table 170-6 .

As an example, the maintenance fluid requirements for a 17-kg normothermic and eumetabolic child at bed rest are: 
 
10 kg = 10 kg × 100 mL/kg = 1000 mL 
 
7 kg = 7 kg × 50 mL/kg = 350 mL 
 
Total 24-hour maintenance fluid requirement = 1000 mL + 350 mL = 1350 mL 
 
 

TABLE 170-3 -- IDEAL ELECTROLYTE COMPOSITION FOR INFANTS

 Na+ (mEq) K+ (mEq)

Intracellular 10 150

Extracellular 140 ••4.5
 
 

TABLE 170-4 -- CHILDREN'S FLUID UTILIZATION UNDER NORMAL CONDITIONS DURING BED REST * 

Weight (kg) Caloric Expenditure (cal/kg/day)

0–10 100

11–20 50

>21 20
*These numbers should be increased 12% for each degreeCelsius above normal. Increased activity or metabolic rate also requires an increase that may vary from 0–50%. 

 
 
 
 

TABLE 170-5 -- CHILDREN'S FLUID LOSS

System Fluid Loss (mL/100 cal)



Sensible losses  

••Kidneys 55

Insensible losses  

••Lung 15

••Skin 30

Total 100
 
 

TABLE 170-6 -- CHILDREN'S NECESSARY FLUID INTAKE, BASED ON WEIGHT * 

Weight (kg) Fluid Intake (mL/kg/day)

1–10 100

11–20 50

>20 20
*Milliliters are proportional to calories. 

 
 
 
The following are maintenance electrolyte requirements: 
 
3 mEq Na+ /100 mL H2 O 
 
2 mEq K+ /100 mL H2 O 
 
The discussion of complex deficits has not been undertaken in this chapter and, in most cases, consultation with pediatric medical specialists is advised.

PAIN MANAGEMENT

The management of pain in infants and children has undergone tremendous advances in recent years. It had been commonly believed that infants and newborns
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did not perceive pain because of their immature nervous system and that they do not have memory of pain if it occurs. Direct physiologic consequences have been observed in infants as a response to pain. Changes in heart rate, blood 
pressure, and respiration rate have been documented in infants experiencing painful stimuli. These changes can be physiologically, as well as emotionally, deleterious to the child.

The perception of pain depends on both sensory and emotional experiences that may be altered by various psychological factors. These factors may be specific for each individual based on his or her expectations and past experiences. Efforts 
to reduce stress, anxiety, and fear will help decrease the apprehension and perception of pain during procedures in the office or in the operating room. In patients of the appropriate age, relaxation techniques such as guided imagery, deep 
breathing, and hypnosis may diminish the emotional component of pain. An adequate and age-appropriate explanation of expectations will also reduce anxiety, increase cooperation, and decrease perceived pain. The caregiver or parent 
should also be coached regarding expectations, because children often look to the psychological state of their parent for cues. An anxious parent often increases the anxiety of the child. Conversely, a calm and collected parent can help calm 
the child during uncomfortable procedures.

Nonnarcotic analgesics are helpful for pain management. Acetaminophen doses ranging from 10 to 15 mg/kg every 4 hours are useful. Other nonsteroidal antiinflammatory medications are also excellent at pain management. They often 
inhibit platelet function, however, and should be used only at the discretion of the surgeon.

Narcotic analgesics are indicated for moderate to severe pain in all age groups. Optimal use requires consideration of the needs of the individual patient. Neonates require special observation during the administration of narcotics. We have 
already established that neonates have diminished ventilatory responses to hypoxia and hypercarbia. Narcotics may modify these decreased responses to potentially life-threatening levels. The metabolism and half-life of narcotics are 
different in neonates than in older children and adults. There may also be an increase in permeability of the blood-brain barrier in neonates. The use of intravenous, intramuscular, and oral narcotics is safe when used in the appropriately 
monitored setting and with the proper dose. Unlike adults who usually self-administer and therefore self-regulate narcotic analgesics, pediatric patients often rely on caregivers to administer pain medication, which can lead to underdosing, as 
well as overdosing.

SEDATION

More often, professionals' certification and credentialing for pediatric sedation is required at institutions caring for children. The development of sedation teams, often staffed by pediatric intensivists, has increased safety and monitoring for 
our patients. As otolaryngologists, we can participate in the team effort by assessing the airway of the patient referred for sedation. Occasionally, a general anesthetic with a secured airway is required for the proper level safety for a sedated 
patient. Although the otolaryngologist can accomplish assessments of airway safety, the professionals on the sedation team have the final word on whether they are willing to sedate a child. The requirements for certification, the makeup of 
the sedation team, and the success of the interaction as measured by family satisfaction and patient outcome are dependent on the institution involved. It is important to adhere to the guidelines of the institution and to work together as a team.



REFERRAL SOURCES

Unlike adults, most pediatric patients have a primary caregiver—the pediatrician or family practice physician. School-aged children will need vaccinations and will usually have a physician who follows them. In turn, most pediatric patients 
seeking help for problems related to the ears, nose, and throat will be referred to the specialist by their primary care physician. Pediatric medicine is a specialty that legitimately considers itself to be the child's advocate. The child's primary 
physician is responsible for his or her overall health and well-being. This physician can act as a tremendous ally to help identify and refer problems early, as well as to help translate the complex problems related to surgical management 
when adequate communication lines have not been established. Although every patient encounter requires an element of trust building and rapport development, there is usually a long-term relationship already developed between the child's 
doctor and the family.

Pediatric medicine and its interface with surgery have a slightly different culture than that in the typical adult world. Often a multidisciplinary approach is used in the perioperative period. This can enhance the care of the patient. Clear 
delineation of duties and responsibilities and open lines of communication are essential, however, if a multidisciplined approach is used.

Although all involved must understand that the surgeon is ultimately responsible for the care of any patient undergoing surgery, a decision to proceed should always be accepted by the parents, as well as the referral source. Occasionally, 
expectations for surgery are initiated before the evaluation by the
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otolaryngologist. In these cases, how a decision is made must be explained clearly and logically. The surgeon makes the final recommendations for or against surgical management of a problem. All parties must clearly understand the steps 
leading to a logical decision.

Finally, we often direct our educational efforts directly to the families we treat. Education of our colleagues, specifically the primary care physician caring for our patients is also very important. Keeping them up to date through small 
education forums will aid in their ability to help with perioperative management, as well as increase one's visibility and perhaps referrals.

PATIENTS

Although the entire family is involved in the care of a child, the child is the patient. Children have the same fears of pain and discomfort as adults, but may lack the maturity and skills to overcome these fears. Delayed gratification is not often 
in the vocabulary of a child. Whereas adults often bring themselves to the doctor and therefore have made the first hurdle toward obtaining medical care, children are brought by their parents and often have no idea why they are there. 
Rapport with the child is important for myriad reasons. Not only will this put the child at ease, but it will often put the parents at ease when they see that the physician has a genuine interest in the well-being of their child. Children take cues 
from their parents. If the parent is apprehensive, the child will often be as well. It is important not only to explain to the parent what is to be expected during the history and physical examination, but also to the child—on a level he or she 
may understand. Procedures that may be uncomfortable are best left to the end of the examination and are performed quickly but thoroughly.

Quickness and experience allow for a brief, but relatively complete, physical examination without undue stress on the child or parent. Restraining an older child who may have been traumatized by a forceful examination is wrong and could 
be dangerous. In these cases, sedation or a general anesthetic is appropriate to complete the required examination.

PARENTS

Parents can find themselves in an uncomfortable position. They must make decisions for their sick child, decisions that may include treatment that may carry some discomfort and risk. It is important for the surgeon to be open and honest 
regarding the options and risks involved. Alternative treatment plans are often possible and all of the options, with their set of risks and benefits, as well as expected outcomes, should be explained to the family. Finally, a single best option 
may exist and the reasons that a surgeon considers one option better than others should be explained. Parents often have questions that may be biased by previous experiences, other family members, friends, or the media. Time must be 
allotted to answer these questions.

Often families have been referred by the primary care physician who usually has answered many of the questions. Having been referred to a specialist, the parents often identify the otolaryngologist as a person with expertise and added 
ability. It is important not to be placed in the situation of persuading parents to proceed with surgery. If they continue to have difficulties deciding after all of their questions have been answered, it may be suggested that they contact their 
primary care physician for another view. Finally, it may be more comfortable for families to make decisions regarding surgery at home with the understanding that they will call if more questions arise or to schedule an appointment if they 
wish to proceed.

CONGENITAL ANOMALIES

Often children with developmental or hereditary abnormalities require a team approach of health care professionals for treatment. A prime example of this would be children with craniofacial anomalies who benefit from a craniofacial team 
consisting of at least an otolaryngologist, a craniofacial surgeon, dentist, geneticist, audiologist, speech language pathologist, and social worker. It is important that a unified voice come from the specialists at hand. Conflicting information 
will only confuse the often devastated parents. Guilt regarding inheritable defects may be over-whelming to the parents. Counseling should be available from specialists in genetics when needed.

The goal of caring for the child with congenital anomalies or developmental delays is to maximize his or her potential. It is important to know what difficulties a child may have from a particular disorder, and then offer advice or techniques 
to best help the family cope with or manage the disability. This will be different for each child, family, and situation.

At one time, genetic counseling was routinely advised for all children with congenital abnormalities. The feeling today is that genetic counseling should be offered only to parents who desire it. Other than speaking in general terms of the 
inheritable nature of sensorineural deafness, cleft palate, or other problems, the physician should not force the parents to face information they do not wish to acknowledge. The denial phase is related to their eventual acceptance of their 
child's problem. Once they have adapted to the child's abnormality, the parents are much more receptive to genetic counseling.
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HISTORY

When treating children, several sources are available for historical data. Often a referral letter from the primary care physician will accompany the child. This history is important but does not replace the history taken from the parents or the 
child. Historical data from the primary physician present the added advantage of allowing the specialist physician to verify that the histories he or she has received and the data gathered during the examination agree. The parents often give 
the history. They are usually very astute regarding their child's behaviors or symptoms and should therefore be listened to carefully. The child can be questioned as well, although he or she may not understand or be able to identify a problem. 
Often chronic symptoms are not seen as problems to the child because such symptoms have been lifelong. The child, not ever having experienced life any other way, does not recognize his or her symptoms as abnormal. The difficult part for 
the pediatric otolaryngologist is to synthesize sometimes conflicting data into a coherent story.

Occasionally, admission to the hospital for observation is required. This allows for further collection of historical data. Symptoms described by the caregiver can be documented and perhaps better understood. Further testing may also 
document whether the child's safety is compromised because of symptoms or the severity of potential problems.

It is also very important to obtain a general family history, as well as a history of any diseases or illnesses affecting the child's siblings. Information regarding the pregnancy and delivery of the child is also important. Insight into any family 
stresses or school problems that might influence the child's psychosocial development is also helpful.

PHYSICAL EXAMINATION

Physical examination of a child can be done in a non-threatening and calm manner. Rapport and trust are the key elements. Engaging the child as an active participant often leads to more cooperation. One technique is to let the child hold or 
examine the instruments before they are used. This often reduces the child's anxiety. Because many well child examinations are accompanied by vaccinations, many children equate the doctor visit with a shot. Most of the head and neck 
examination should be painless. Otoscopy is generally managed without difficulty. Pneumatic otoscopy can be performed but should be explained before proceeding so as not to surprise the child. Explanations build a child's trust in the 
examining physician. The use of a head mirror or head light while examining a child is the surgeon's choice. Things that cover a person's face often frighten children and may decrease cooperation. Nasal endoscopy can be performed with the 
otoscope and a larger speculum. This eliminates the need to introduce a new instrument to the child. Oral examination is best accomplished without a tongue depressor, although occasionally it is required to view the posterior pharynx. 
Palpation of the neck can be accomplished without any significant discomfort, and masses or tenderness can be documented.

During the examination further observations of the child's facial features can be made. It is important to make sure the ears look normal, without pits or fistulas. The eyes should also be symmetric, without apparent hypertelorism or 
heterochromia. The nasal airway should be assessed for chronic mouth breathing and that no abnormality exists with the palate. Listening to the child breathe, for the sounds of stridor or sturdor, can help identify the level or site of potential 
airway obstruction. Auscultation of the neck and chest is generally performed. The otolaryngologist certainly concentrates the physical examination on the particular area of interest, which is the head and neck. A general physical 
examination should be performed in a brief but complete manner however.

SPECIAL CONSIDERATIONS

Microscopic Examination of the Ear

Otomicroscopy is an invaluable tool for assessing the ears. Children can have anxiety about this portion of the examination, however. Often, if the child is allowed to look through the microscope at the examiner's thumb, he or she 
understands that the microscope is simply a tool to allow for a magnified view of the ear. The parent can assist in reminding the child to hold still for the examination while cerumen or debris is removed from the ear canal. With the parent 
reclined on the examination chair or table, the child may lay on the parent like a table. The parent can then hug the child, to hold the arms and body still, while an assistant helps steady the head. A papoose is possible in smaller children but is 
often not successful in older children. Sedation is not usually successful but may be tried in certain cases, according to the sedation restriction and requirements of the institution. Occasionally a general anesthetic is required to allow for a 
complete and thorough examination.

Although it is not usually painful, suctioning is loud and can be frightening. It is a very useful tool to quickly clean away debris and drainage. Some physicians prefer to use cotton-tipped applicators instead. It is important to have a number 
of techniques in reserve and to use the one that will quickly and effectively accomplish the required task without undue stress and discomfort to the child.

Flexible Endoscopy

Nasopharyngoscopy is an invaluable tool for the otolaryngologist. With advances in technology, smaller-caliber
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endoscopes are being developed with improving optics. Although the mirror examination is useful, the fiberscope allows for a dynamic examination of the nose, vellum, pharynx, hypopharynx, and larynx. When combined with videotaping, 
slow-motion replay is possible, important if only brief glimpses are obtained in a child that is not able to completely cooperate with the examination.

As in adults, topical anesthesia and nasal decongestion, with lidocaine gel or ponticaine spray and oxymetazoline, is very useful. Using cocaine in young children is not advisable because of variable absorption rates. In infants, cocaine can 
produce unwanted irritability and nervousness. The parents should be counseled that, after the topical anesthetic, the child should not eat or drink for about 30 minutes. Sedation is not generally necessary for this examination.

Complications from nasopharyngoscopy are rare. An emergency cart for airway management and the skills to use it are important to have on hand. Nasal bleeding can happen but should stop on its own or require little intervention.

Needle Biopsy

Fine-needle aspiration (FNA) in children for cytopathology is useful if a cytopathologist is available and interested in reading the specimen. Many of the typical masses of the head and neck are very different from adults and may be more 
difficult to interpret. This does not make it less useful however. Children are usually very frightened of needles or sharp objects. EMLA cream (Astra Pharmaceuticals, Westborough, MA) or other anesthetic creams that are topically applied 
can render the introduction of the needle painless.



The site is prepared in a sterile manner. The 22- or 23-gauge needle attached to a 10-mL syringe is then placed into the mass while suction is applied. The sample obtained within the needle core is then applied to a glass slide and a placed in 
a fixative. It is optimal if the cytopathologist can attend or perform the procedure so that immediate feedback regarding the adequacy of the specimen may be made. If the specimen is inadequate and the child is able to tolerate another 
attempt, the FNA may be repeated using the same anesthetic. An adhesive bandage is applied when the procedure is done. It should be no more traumatic than obtaining a blood sample and should be explained in those terms to the parent.

Audiology

Every child can be tested for hearing loss. It is important that we remember this fact and educate our families and especially the primary care physicians. It has been shown that hearing loss detected and treated early leads to dramatic increase 
in language ability later in life. Audiologists interested in testing children are generally able to test as young as 6 months of age with visual-response audiometry. Other techniques for younger children or children who are unable to conform 
to the task include otoacoustic emissions and auditory brainstem response (ABR). Visual-response audiometry in experienced hands can be very reliable.

Early detection of hearing loss is extremely important to the speech and language development of the child. Currently, newborn hearing screening programs with automated ABR are being set up nationwide. If an infant refers on the 
screening test, it is very important for the otolaryngologist to provide any necessary referrals and follow-ups. If no action is taken once a child has been identified with hearing loss, the test is useless and does not benefit the child or the 
family.

Preparation for Hospitalization and Surgery

Once the decision to proceed with hospitalization or surgery has been made, the child and parents should be readied emotionally to achieve a successful outcome. The details and expectations should be outlined to the family by those familiar 
with the process. Some institutions and most children's hospitals have programs to introduce the family to the hospital, operating room, and operating room procedures. Familiarity and an understanding of what to expect is helpful to all 
involved. Children are able to role-play before hospital admission or surgery. With a clear understanding of what is expected, parents are also less apprehensive and help calm the child.

It is important to clarify arrival times and nothing-by-mouth requirements to the family. Special films and booklets are valuable tools for education. The parents must be encouraged to be truthful, to the best of their ability, about the 
upcoming surgery. It is also important that the surgeon communicate to both the parents and the child so that all questions are answered completely.

Hospital

A children's hospital is a great asset, providing a team of physicians, nurses, and other staff who can best handle a hospital stay or surgery for pediatric patients. Children's hospitals are an important resource, and every surgeon involved in 
the care of children should support them. Unfortunately, not every community has one. In these instances, it is important to identify the best facilities in the community where the physical plant, physicians, nurses, and support staff are 
capable, able, and enjoy caring for children. This will allow for the safest environment for pediatric treatment, encourage the best outcomes, and lead to the most satisfied families.
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The concept of a team of professionals who deal strictly with pediatrics is not new; it is, however, one that is becoming increasingly accepted as the standard of care. When complications arise, as they inevitably do in the course of even the 
best medical care, having the support facilities and the personnel available to handle any need promptly is vital for the best outcome possible.

Selecting Anesthesia

Pediatric anesthesia is a subspecialty in itself. Reaching a degree of proficiency to deliver an anesthetic to children of all ages requires considerable training and experience. The younger the patient, the more complex the problems 
encountered. As in all aspects of medicine, there are people with special interests and expertise in particular fields. Those with expertise in safely delivering anesthesia to children should be sought when their assistance is required. Reliance 
on these individuals benefits both the patients and the surgeons.

With practice and special expertise, an interested person can devise techniques to safely and effectively perform nearly any technique. Local anesthesia as a primary anesthetic for surgery in children is possible, but requires a cooperative 
child and an adept surgeon. Generally, local anesthetics are used for immediate postoperative pain management after surgery under general anesthesia. Young children generally do not understand the need for painful injections and have 
short attention spans, making it difficult for them to sit still for the procedure. The use of sedation for extended periods is not recommended unless support personnel are available to monitor the child during the sedation process. Many 
institutions have strict guidelines and require a certification process for the use of conscious sedation in children. Most invasive or painful procedures require a general anesthetic.

Postoperative Management

Probably the most important part of postoperative management is preoperative teaching. If the parent and child are adequately prepared about the effects of surgery, they are more capable of handling the post-operative period. Detailed 
instructions about expected norms and unexpected possibilities are important. Written instructions, along with contact numbers if the parents have questions, are also very helpful. Knowing what to expect is the single most important factor 
that enables a patient to recover from a surgical procedure without multiple phone calls and excessive concern from both parties.

If a child must be hospitalized, it has been shown that the presence of a parent makes the stay less fearsome and stressful for the child. Whenever possible, parents should be encouraged to stay with their children while in the hospital. 
Arrangements should be made for this to be possible if it is not the norm at the hospital where the child will stay.

More often short-stay and outpatient procedures are being performed. It is helpful for the child to return to the home setting as soon as possible. Safety is the main concern, however, and monitoring in the hospital should be done as long as 
necessary.

Remembering that modifications in surgical technique may be required in the management of pediatric problems is important. Dressing changes, suture removal, and postoperative manipulations should be kept to a minimum so as not to 
provoke fear and discomfort in children who must undergo minor procedures. Sometimes sedation or a general anesthetic for packing or suture removal, not often required for adults, may be required in children. It is reasonable to plan ahead 
at the time of surgery to use absorbable suture material and dressings that need infrequent changing.



A REWARDING EXPERIENCE

The care of children is an extremely rewarding experience. Children may become ill quickly but often recover just as quickly if put on the right pathway. Watching children grow and develop makes for lasting memories and personal 
satisfaction. Helping children with chronic illness to overcome disabilities and difficulties and watching them reach their full potential as they grow to adulthood has no match for reward.
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Chapter 171 - DEVELOPMENTAL ANATOMY
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INTRODUCTION

Most descriptions of the neck divide the anatomy, for discussion purposes, into triangles. To the student this may seem a pedantic exercise in geometry. However, the use of triangles is simply an organizational approach to manage the 
volume of anatomic detail in the neck by parceling it into reasonable study units. When an incision is made over the carotid triangle, surgeons can thereby predict the structures they will encounter in precise order. Similarly, the embryologic 
correlates of the triangles are important in understanding the development and differential diagnosis of masses in the various triangles of the neck.

This chapter begins with descriptions of the posterior triangle and the subdivisions of the anterior triangle. There is also a description of the root of the neck that relates the anatomy of the two major triangles to the radical neck procedure. 
The chapter concludes with a discussion of the embryology of the branchial arches and the pharyngeal pouches and their contribution to various masses in the neck.

The term triangle initially connotes a planar form (i..e., a flat structure). In the neck, however, the triangles are three-dimensional spaces that should be visualized as shallow triangular boxes. These boxes not only have three sides, but also a 
roof (top) and floor (bottom). The next step is to define the contents of the box. As described shortly, most of the triangles are three-dimensional spaces bounded by bone and muscles, with distinct fascial layers forming the roof and floor of 
the space. In general terms, the triangular space contains blood vessels, nerves, lymphatic vessels, and lymph nodes. With this somewhat contrived schema, one can greatly simplify the organization of the neck.

POSTERIOR TRIANGLE

The posterior triangle is bordered by the sternocleidomastoid muscle, the anterior border of the trapezius muscle, and the middle third of the clavicle ( Figure 171-1 ). Specific layers of deep fascia form the floor (medial wall) and roof (lateral 
wall) of the triangular box. An understanding of the fascial relationships in the neck is important, not only because of the boundary relationships, but also because fasciae form planes that provide routes of surgical access or pathways for 
hemorrhage and infection. For this reason, a brief discussion of the fascial planes is necessary before proceeding with the anatomy of the posterior triangle.

Fascia of Neck

One of the earliest lessons in anatomy is that there are two types of fascia in the body: the superficial and the deep. In the region of the abdominal wall, superficial fascia consists of two layers—a fatty layer (Camper's) and a deeper, 
membranous layer (Scarpa's). The deep fascial layer of the abdominal wall is not subdivided but simply envelopes the abdominal muscles. In the neck the superficial fascia is very thin and is not divided into layers, whereas the deep fascia is 
divided into three layers.[5] The names of these layers vary with different authors, resulting in a somewhat chaotic terminology. Regardless of the terminology used, the divisions are arbitrary at best. A simple approach can provide a workable 
solution for either the anatomist or the surgeon.

Superficial Layer of Cervical Fascia

As just noted, the superficial layer of cervical fascia is a single layer of fascia underlying the skin. It is usually thin, except in the obese person, in which case it is thickened by adipose tissue. Its primary surgical significance is that it provides 
a fascial pad that protects underlying structures when a skin incision is made. In exceptionally lean people, however, the paucity of this layer may not protect underlying structures, such as the accessory nerve, so the surgeon should be wary 
when operating on such patients.
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Figure 171-1 The triangles of the neck and their boundaries. 

 

Figure 171-2 Divisions of the deep cervical fascia seen in transverse section at the level of cranial nerve VII. 



 

Figure 171-3 Structures contained by the deep cervical fascia seen in transverse section at the level of the cranial nerve. 

 

Figure 171-4 Nerves of the posterior triangle seen on the right side of the neck. 



 

Figure 171-5 Distribution of the cutaneous branches of the cervical plexus. 

 

Figure 171-6 Arterial branches of the carotid triangle. 

 

Figure 171-7 Distribution of the ansa cervicalis and the hypoglossal nerve (cranial nerve XII). 

 

Figure 171-8 Root of the neck and subclavian artery. T1, First thoracic foot; Rib 1, First rib. 



 

Figure 171-9 A, Branchial arches. B, Pharyngeal pouches. 

 

Figure 171-10 Skeletal derivatives of the branchial arches. 

 



Figure 171-11 Relationships of the pharyngeal arches, clefts, and pouches in the floor of the mouth; stage I. 

 

Figure 171-12 Derivatives of the pharyngeal pouches and formation of the cervical sinus; stage II. 

 

Figure 171-13 Maturation of the pharyngeal pouches; stage III. 

 

Figure 171-14 Migration of the pharyngeal derivatives into the neck; stage IV. 
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Chapter 172 - ANESTHESIA
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INTRODUCTION

Due to the inherent nature of otolaryngology, pediatric otolaryngologists and anesthesiologists must work closely together in the operating room to provide optimum care to their patients. This chapter focuses on pediatric anesthesia topics 
that are relevant to the pediatric otolaryngologist, beginning with a discussion of the safety of anesthesia for children and then moving to a consideration of the preoperative assessment of pediatric patients. A discussion of perioperative 
management focuses on the choice of drug and technique to match the situational demands. The chapter concludes with sections that describe the implications of specific diseases and the anesthetic considerations for commonly performed 
pediatric otolaryngology procedures.

ANESTHESIA FOR CHILDREN

An increased risk when administering anesthesia to children as compared with adults was reported more than 40 years ago.[9] Thirty years ago, it was identified that risks in children who were less than 1 year old were the principal reason for 
this difference.[99] More recently, children younger than 1 month old have been identified as being at the highest risk,[14] which suggests that the risk of anesthesia induction in infants is inversely proportional to age. Given the physiologic 
changes that occur during the first year of life, this is not surprising. Respiratory control is immature in infants; the slope of the carbon dioxide (CO2 ) response curve is lower than that of older children and adults, and hypoxia may induce 
apnea rather than hyperventilation. Cardiovascular responses are also immature: the myocardium is poorly compliant; hence, cardiac output is rate-dependent. Similarly, responses to anesthetic agents differ according to patient age. Preterm 
and full-term newborns require lower concentrations of inhaled anesthetics than do older children or adults. Inhalational agents may cause more depression of cardiac output in infants and may have a more profound effect on baroreflexes. 
Clearance of narcotics is less rapid and more variable in infants.



These differences in physiology and pharmacology are reflected in the types of anesthetic mishaps that tend to occur in newborns and infants. Inadequate ventilation and anesthetic overdose have been the most frequent sources of anesthetic 
morbidity and mortality.[54] A review of closed malpractice claims identified inadequate ventilation as the most frequent cause of anesthetic complication in children.[85] 

In response to these findings, a number of strategies have been suggested for preventing anesthetic problems in children. Application of the American Society of Anesthesiologist monitoring standards[4] is now basic to all anesthesia care and 
has reduced the incidence of intraoperative complications.[28] The components of these standards are shown in Box 172-1 . Most anesthesiologists now consider pulse oximetry to be an indispensable part of the intraoperative monitoring 
armamentarium, although it has been difficult to document improvement in outcome as a result of this technique, even in a very large series. [83] [84] However, pulse oximetry does provide an earlier warning of developing hypoxemia in children 
than does attention to vital signs alone.[19] In addition, the use of pulse oximetry alone or in combination with capnography has reduced the relative frequency of adverse respiratory events as compared with adverse cardiovascular events, 
perhaps because pulse oximetry and capnography are more effective for preventing respiratory events than cardiovascular events.[13] 

Elective procedures should be deferred until the infant is at least 6 months to 1 year old, when anesthetic risk is likely to be lower. This is particularly true in infants who were born prematurely, because they have an increased risk of 
postoperative apnea until approximately 55 weeks of postconceptual age
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(see following). The use of trained subspecialty pediatric anesthesiologists for the care of infants and children has been suggested to be associated with improved outcomes,[53] although this contentious claim is difficult to prove.[86] 

 
 

Box 172-1. INTRAOPERATIVE MONITORING STANDARDS

Continuous presence of qualified anesthesia personnel in the operating room 
 
Continuous evaluation of the following: 
 
• Oxygenation.
• Inspired oxygen concentration with an oxygen analyzer.
• Blood oxygenation with a pulse oximeter.
• Ventilation.
Qualitative assessment, including chest excursion, observation of the reservoir bag, and auscultation of breath 
sounds 
 
Quantitative assessment with end-tidal CO2 analysis 
 
A low-pressure disconnect alarm when mechanical ventilation is used 
 
Circulation 
 
Continuous electrocardiogram 
 
Arterial blood pressure at least every 5 minutes 
 
At least one of the following: 
 
• Palpation of pulse.
• Auscultation of heart sounds.
• Intraarterial blood pressure monitoring.
• Ultrasound peripheral pulse monitoring.
• Pulse plethysmography.
Body temperature 
 

 
 
Current estimates of anesthetic mortality vary widely, depending on the definition of anesthetic death. However, mortality in healthy pediatric outpatients as the result of an anesthetic-related cause is very rare, perhaps as low as 1 in 50,000 
cases. Thus, parents of otherwise healthy children can be reassured that outcomes in modern-day pediatric anesthesia are excellent.

PREOPERATIVE ASSESSMENT

The recent emphasis on cost containment has forced many changes in the practice of pediatric anesthesia over the past decade. More and more patients with complex medical problems are having procedures as outpatients, which forces the 
preoperative contact between anesthesiologists and their patients and families into a very few minutes. In addition, efficiency pressures have forced institutions to search for ways to maximize patient flow in surgery areas and to minimize 
unexpected delays or cancellations. Preoperative anesthesia clinics have developed in response to these changes.



A visit to the preanesthesia clinic affords the opportunity for the taking of an anesthetic history; the performing of a physical examination; the obtaining of necessary laboratory tests; and the informing of the family about the anticipated 
procedures, including nothing-by-mouth (NPO) times, premedication, anesthetic induction and maintenance, and postoperative pain management techniques. It also allows confirmation that all necessary paperwork, such as consent and 
surgical history and physical, is present in the medical record. At Doernbecher Children's Hospital, a trained clinical nurse performs the initial assessment and confirms that all necessary paperwork is present. An attending anesthesiologist is 
available for consultation for more complicated patients or for specific clinical questions. Anesthetic risk can be discussed, with ample time for patients and their families to ask questions. The nurse also takes this opportunity to educate the 
child and family about the impending surgical visit and to discuss family and patient fears and concerns.

A preoperative medical assessment includes a review of the patient's body systems, his or her response to previous anesthetics, current medications, allergies, recent illnesses (including upper respiratory infections), and family history of 
problems with anesthesia. The physical examination concentrates on airway anatomy, including the mouth, jaw, teeth, and neck, and it includes chest and heart auscultation to confirm the absence of significant cardiorespiratory disease. 
Laboratory tests are obtained as indicated by the child's condition and type of surgery planned rather than as a routine. For example, a preoperative blood count is a low-yield test that is probably not cost-effective given the low incidence of 
anemia in children younger than 18 years old.[39] [105] Identification of clinical problems at a preanesthesia visit also allows appropriate evaluation or referral before surgery, thereby avoiding delay or cancellation on the day of surgery.

PREPARATION FOR ANESTHESIA

Behavioral Preparation

The days and hours leading up to surgery can be an anxious time for both children and parents. Fears about hospitalization are common among children, including fear of separation, pain, loss of control, and even death; many of these fears 
are dependent on the child's age[127] ( Table 172-1 ). Awareness of these developmental stages allows the anesthesiologist to anticipate the needs of any given child. In addition, understanding the impact of parental anxiety on a child's anxiety 
can help select interventions that will be helpful to both the child and his or her parents.
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TABLE 172-1 -- AGE-SPECIFIC CONCERNS OF CHILDREN

Age Specific Concerns

Infant (6–18 months) Separation anxiety

Toddler (1–2 years) Fear of strangers, loss of mastery of the environment

Preschool (2–5 years) Separation anxiety; difficulty distinguishing reality from fantasy; fear of pain, mutilation

School age (6–12 years) Fear of the unknown, loss of control, autonomy, pain, mutilation

Adolescent (13–18 years) Precarious sense of self; fear of pain, mutilation, loss of control, autonomy

From Orr RJ, Lynn AM: Curr Rev Clin Anesth 12:29, 1991.
 
Details of the anesthetic and surgical experience should be presented in age-specific language for children of appropriate age.[60] Children who are given specific information before surgery have been shown to be less anxious than children 
who are given only general information.[26] Movies or videotapes can help children and parents cope with the mysteries of hospital routines.[52] Comprehensive preoperative preparation programs have been shown to be helpful for reducing 
preoperative anxiety and enhancing coping behavior in children.[75] This may be especially important for children who will require repeated procedures, allowing them to learn coping strategies and to develop a better understanding of the 
environment in which they will receive their care. Parents should also be involved in these programs, because decreasing their anxiety will likely have the added benefit of decreasing the child's anxiety further.[51] These efforts are important 
even if pharmacologic agents will be used to decrease anxiety, because the combination of psychological and pharmacologic interventions can produce synergistic effects.[31] 

Premedication

The choice of premedication is based on the age and specific needs of the patient. The usual goals of premedication are to reduce anxiety and to ease separation from parents. Because most children fear needles, the oral administration of 
sedatives has become the standard at many institutions. Children who are younger than 8 months old generally do not need premedication and separate easily from their parents; children between 8 months and 8 years old often have enough 
preoperative anxiety that preoperative medication may be helpful. Midazolam (0.5–1.0 mg/kg up to a 20-mg maximum dose), mixed in flavored syrup and administered orally 10 to 20 minutes beforehand, usually smoothes the induction of 
anesthesia and has become the most popular method of preoperative sedative for children.[79] Midazolam is usually well tolerated, although an occasional decrease in saturation or blood pressure may be observed. In addition, intravenous 
flumazenil (1–3 µg/kg) can be administered to reverse adverse effects such as oversedation or emergence delirium.

Older children may be willing to receive their treatments in an intravenous (IV) manner preoperatively, especially if a topical anesthetic cream such as eutectic mixture of local anesthetics (EMLA) or ELA-Max (Ferndale Laboratories, 
Ferndale, Mi) is placed. EMLA cream is a mixture of lidocaine and prilocaine that penetrates intact skin and, when applied for 60 minutes or more, significantly decreases the pain associated with an intravenous insertion.[47] EMLA should be 
used with caution in children younger than 3 months old or in children who are receiving other medications that may induce methemoglobin because of the risk of methemoglobinemia.[30] Plasma concentrations of lidocaine and prilocaine are 
well below the toxic level,[30] but they may be higher in children with traumatized or inflamed skin. Another effect of EMLA that many find problematic is the blanching that occurs, which makes the identification of potential IV insertion sites 
difficult for some providers. ELA-Max is an alternative to EMLA, and it contains only lidocaine in a liposomal matrix that allows for effective absorption across intact skin. ELA-Max has been shown to provide equal topical anesthesia to 
EMLA, and it has a quicker onset of 30 minutes.[28] [58] ELA-Max also produces less blanching than EMLA. If an IV line is placed, midazolam or another sedative can be titrated intravenously until the desired effect is achieved.

Younger children may not accept oral premedication well, thus making this method of administration as anxiety provoking as separating the child from his or her parents without any premedication. These patients may do better with the 
rectal administration of either a barbiturate such as methohexital (20–30 mg/kg of a 10% solution)[66] or a benzodiazepine such as midazolam (0.5–1.0 mg/kg).[106] While midazolam administration usually results in drowsiness and even 
euphoria, methohexital often results in complete loss of consciousness and must be treated as the induction of anesthesia, with careful attention given to vital signs and airway patency. The intranasal administration of midazolam (0.2 mg/kg) 
can also be effective.[142] Although intramuscular injection is ideally avoided,
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combative patients (e.g., severely autistic children) may benefit from intramuscular ketamine at dose of 2 to 4 mg/kg or a combination of ketamine and midazolam. Larger doses of ketamine administered intramuscularly can induce general 
anesthesia (see following discussion). Finally, air injection devices can be a useful alternative for reliably administering premedication.[11] It should be noted that this form of administration is not painless, but it does avoid the use of a needle 
for administration.

Anticholinergic agents may be desirable when copious airway secretions are a concern or when vagal tone from airway manipulation may produce decreases in heart rate and cardiac output. In children who are younger than 6 months of age, 
halothane is more likely to cause bradycardia and a significant reduction in cardiac output than it is in older children. In this age group and with this anesthetic agent, the routine use of anticholinergic agents can prevent these changes.[82] 
Atropine (0.02 mg/kg) or glycopyrrolate (0.01 mg/kg) given intravenously at the time of induction can obviate the pain of an intramuscular injection.

Nothing-by-Mouth Orders

To minimize the risk of the aspiration of gastric contents during the induction of anesthesia, an adequate period of fasting must be maintained. Traditionally, both food and fluids have been withheld after the midnight before surgery. 
However, a prolonged period of fasting is uncomfortable for children, is unpleasant for the family, and risks hypovolemia. It has recently been recognized that the administration of clear liquids to children 2 to 3 hours before induction does 
not increase gastric residual volume or acidity as compared with a more prolonged fast.[111] In addition, morbidity and mortality due to the aspiration of gastric contents in children is exceedingly rare.[92] Thus, fasting guidelines have been 
liberalized in recent years, and they are shown in Table 172-2 . There is some debate about whether breast milk should be considered a solid or clear liquid, with many institutions allowing breastfeeding within the same guidelines as clear 
liquids. Nevertheless, it is important when giving these instructions to parents to emphasize the safety issues involved to maximize compliance and avoid unnecessary delays in the start of the procedure.

ANESTHETIC INDUCTION

Anesthesia can be induced by the mask inhalation of a potent anesthetic agent in oxygen with or without nitrous oxide (inhalation induction); by the injection of a sedative/hypnotic agent through an intravenous catheter (intravenous 
induction); or by intramuscular injection. As much as possible, the choice is given to  

TABLE 172-2 -- RECOMMENDED NOTHING-BY-MOUTH TIMES

 FASTING TIME (HOURS)

Patient Age Solids (Includes Breast Milk and Formula) Clear Liquids

Younger than 6 months 4 2

6–36 months 6 3

Older than 36 months 8 3

Adapted from Cote CJ. In McGoldrick KE, editor: Ambulatory anesthesiology: a problem-oriented approach, Baltimore, 1995, Williams & Wilkins.
 
children; younger children tend to fear needles and prefer an inhalation induction, whereas older children and teenagers usually accept an intravenous induction. Certain clinical factors (e.g., obesity, severe gastroesophageal reflux, full 
stomach) may also influence the choice of induction techniques.

Parental Presence

With increasing frequency, parents are expressing a desire to be present at the time of their child's anesthetic induction.[44] Although parental motives vary, most hope that their child's anxiety will be lessened if one or both parents are present. 
Some hospitals have induction areas outside of the sterile envelope of the operating room. If not, parents can be dressed in cover gowns and escorted into and out of the operating room for the induction.

Studies examining the impact of parental presence have had variable results, with some showing no significant impact,[50] some showing a decrease in patient anxiety,[40] [112] and others showing an increase in patient anxiety. [143] Parents with a 
high anxiety level seem to have a negative impact on their child during induction. One survey reported that a majority of anesthesiologists are in favor of this practice,[101] and many hospitals tend to support this request as a mechanism to 
improve patient/parent satisfaction; thus, it is likely that the trend will continue. Parents should be thoroughly educated about what to expect and how they can best help their child. They must agree to leave the induction area immediately 
when instructed to do so, and one member of the care team must be identified to help them during the induction. Highly anxious parents should be encouraged not to participate.

Inhalation Induction

For many years, halothane was the agent of choice for inhalation induction because of its lack of pungency.
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Sevoflurane is less pungent than halothane, and it has become the inhalational induction agent of choice at many pediatric centers. Both agents are described in more detail below. A small amount of scented liquid (e.g., bubble gum, 
watermelon, root beer) applied to the inside of the mask disguises the odor of the anesthetic agent and improves the patient's acceptance of the technique. Many anesthesiologists will allow the patient to breathe 50% to 70% nitrous oxide to 
begin the process, thus making the addition of the sevoflurane or halothane less distressful. Noise in the room should be kept to a minimum during anesthesia induction, and the anesthesiologist can tell the child an entertaining story that 
directs the child's thoughts away from the reality of the situation. As the concentration of the anesthetic agent is increased, most children lose consciousness in less than 1 minute. The parents, if present, can be ushered out at this point, and an 
intravenous catheter can then be placed.

Intravenous Induction



Intravenous induction requires the presence of an intravenous catheter and thus is reserved for older children or teenagers, children with a preexisting intravenous drip, children who need a rapid-sequence induction because of a full stomach, 
or children who object to an inhalation induction.

The most common agent for intravenous induction is thiopental, an ultrashort-acting barbiturate that produces sleep in healthy, unpremedicated children; a 4 to 6 mg/kg dose induces sedation within 1 minute of administration.[18] This drug can 
produce hypotension and must be used with caution in hypovolemic patients or patients with poor myocardial contractility.

An alternative intravenous induction agent is propofol, an alkylphenol that, because of poor solubility in water, is formulated as a 1% solution in a white soybean oil, egg lecithin, and glycerol emulsion. Propofol is highly lipophilic and 
rapidly redistributes throughout body compartments, with a distribution half-life of about 2 minutes and an elimination half-life of about 30 minutes. The dose for the induction of anesthesia varies with age[94] ; infants 1 to 6 months old require 
about 3 mg/kg, whereas older children require about 2.5 mg/kg. The major advantages of propofol are a rapid, clear-headed recovery with minimal associated nausea and vomiting; this has made it the intravenous induction agent of choice 
for outpatient procedures. The major disadvantage is pain on injection, particularly into small veins.[136] Lidocaine (0.5–1.0 mg/kg) administered before or during propofol injection may decrease the incidence of pain. Like pentothal, propofol 
may cause hypotension, apnea, and desaturation; another disadvantage is its cost compared with pentothal.

Propofol can also be used for anesthesia maintenance as an intravenous infusion of 100 to 200 µg/kg/min. This technique can be very useful for patients who have a history of severe postoperative nausea or who are undergoing procedures in 
which postoperative nausea is especially common (e.g., tympanoplasty). Many pediatric anesthesiologists use a propofol infusion to provide anesthesia during bronchoscopy, because it provides a reliable, stable method of administering 
anesthesia with spontaneous ventilation while sharing the airway. Finally, propofol has become the drug of choice for providing anesthesia outside of the operating room.

Rapid-Sequence Induction

Patients with a full stomach are at increased risk for the aspiration of stomach contents during the induction of anesthesia. Patients who require full-stomach precautions include those who have not fasted for an adequate period, those with 
gastrointestinal obstruction, and trauma patients whose gastric motility is depressed. It is mandatory that these patients have an intravenous induction. Patients are preoxygenated with 100% oxygen by mask and then given an induction dose 
of sedative and a muscle relaxant, usually succinylcholine (2 mg/kg). Manual pressure is applied over the cricoid in an attempt to seal the esophagus and to prevent passive regurgitation. [113] Pressure is not released until the endotracheal tube 
is in place and the cuff, if present, is inflated. At the end of the case, these patients should be allowed to emerge completely before extubation to ensure adequate airway protection.

Intramuscular Induction

Ketamine is a derivative of phencyclidine with potent analgesic and amnestic properties. Anesthetic induction can be achieved with the recommended doses of 1 to 3 mg/kg intravenously or 5 to 10 mg/kg intramuscularly. As noted 
previously, ketamine is very useful as an intramuscular induction agent in children who are combative or unable to cooperate with a standard inhalation or intravenous induction, often because of mental retardation or emotional handicaps. 
Ketamine is an excellent choice for anesthetic induction in hypovolemic patients because of its sympathomimetic properties; it rarely causes hypotension in these patients. Ketamine may be the intravenous induction agent of choice in 
patients with reactive airways,[16] because it increases circulating catecholamines and causes the relaxation of tracheal smooth muscle.

Ketamine tends to produce copious secretions and should be accompanied by atropine or glycopyrrolate. The incidence of postoperative vomiting may be as
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high as 30%. Intraoperative and postoperative dreams and hallucinations have been reported,[138] more often in older than in younger children, and less often when other sedative/hypnotic agents are used in conjunction with ketamine.

ANESTHESIA MAINTENANCE

Inhalational Agents

Nitrous Oxide

Nitrous oxide is the most widely used anesthetic agent for both children and adults. Its popularity is a result of its low solubility, and this results in its rapid uptake and distribution, its lack of odor, and the fact that it does not cause 
cardiovascular depression. Although it allows the delivery of lower concentrations of other anesthetic agents, nitrous oxide itself is not very potent. Consequently, it must be delivered in high concentration to have an analgesic and hypnotic 
effect, thereby limiting the concentration of oxygen that can be delivered; it is not useful for patients who require high concentrations of oxygen. There is a 34-fold difference in the blood/gas coefficients of nitrogen (0.013) and nitrous oxide 
(0.46); thus, nitrous oxide will enter air-filled cavities faster than nitrogen can leave. In a fixed cavity like the middle ear, the result is an increase in pressure. During tympanoplasty, the middle-ear pressure generated by nitrous oxide can lift 
off the tympanic membrane graft; thus, nitrous oxide should be limited to 50% concentration and turned off 15 minutes before the closure of the middle ear[87] or even avoided entirely.[96] Nitrous oxide may also represent a hazard for patients 
with previous reconstructive middle-ear surgery. [95] 

Sevoflurane

Sevoflurane has almost completely taken the place of halothane in many pediatric institutions. It is a valuable addition to the anesthesiologist's armamentarium, for several reasons. First, it is less pungent than halothane, and it is even better 
tolerated during inhalation induction. Second, it has a blood/gas partition coefficient that is similar to that of nitrous oxide, so induction and emergence times are shorter than with halothane. Third, it may be associated with less 
cardiovascular effects than halothane.

Sevoflurane has several disadvantages. Its offset is so rapid that, without adjunctive administration of narcotics, the perception of and response to pain may be accentuated.[41] There are reports in the literature of a significant incidence of 
emergence excitement associated with cases in which sevoflurane was used.[7] In addition, sevoflurane is approximately 10 times more expensive than halothane, which is a significant issue in a time of cost containment. Sevoflurane has 
assumed a role as an induction agent and a maintenance agent for very short procedures, but it is often replaced by isoflurane or desflurane after induction depending on case type and anesthesiologist preference.

Halothane



Halothane historically has been the most commonly used potent inhalational agent for infants and children because of its acceptance by patients, its ease and rapidity of induction, its reliable depression of airway reflexes and potent 
bronchodilation, and its long record of safe use in pediatrics. Because it is a potent agent, it can be delivered with a high concentration of oxygen.

Halothane has several well-recognized side effects, the knowledge of which usually allows titration of the dose to minimize the risk of complications. Cardiac side effects are probably the most commonly seen, because halothane tends to 
decrease heart rate both by a direct depressant effect on the sinoatrial node and by inhibiting baroreceptor function.[132] This is particularly detrimental in newborns, whose cardiac output is linearly related to heart rate because of low 
ventricular compliance. Thus, during the administration of halothane to newborns and infants, strict attention to vital signs is critical; the dose is reduced when cardiovascular depression is deemed to be clinically significant. Halothane also 
acts as a direct myocardial depressant, perhaps more so in the neonatal myocardium than in the adult.[88] Finally, halothane sensitizes the myocardium to the effects of catecholamines and elevated CO2 tension, thereby resulting in the frequent 
occurrence of ventricular arrhythmias such as ventricular premature contractions and, rarely, ventricular tachycardia. Such arrhythmias usually resolve with the reduction of the CO2 tension, the metabolism of epinephrine (either exogenous 
or endogenous), the administration of lidocaine (1 mg/kg), or a change in anesthetic agent from halothane to isoflurane or sevoflurane, which do not have the same propensity to sensitize the myocardium.

Halothane, like all halogenated inhalational agents, is a potential trigger agent for malignant hyperthermia and should be avoided in susceptible patients. Halothane, at least in adults, has been associated with a postoperative form of hepatitis, 
usually after repeated exposures. The incidence in children is perhaps as low as 1 in 200,000 cases as compared with 1 in 6000 adult cases. Despite all of these potential untoward effects, halothane is an inexpensive inhalational agent that can 
be used quite safely in most pediatric patients.

Isoflurane

Isoflurane has been used for many years as a standard maintenance inhalational agent for children and
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adults. In practice, it offers no clear advantage for the pediatric otolaryngology patient. It is more pungent and not nearly as well accepted by children during inhalation induction. Isoflurane does increase rather than decrease heart rate, and 
therefore it may have some advantage over halothane for use in newborns. Isoflurane also causes decreases in blood pressure, but the mechanism is via peripheral vasodilation rather than direct myocardial depression.[33] It is a good alternative 
to halothane when ventricular arrhythmias develop.

Desflurane

Desflurane is the newest inhalational agent to be introduced into clinical practice. Its principal advantage is its quicker time to recovery as compared with sevoflurane.[41] It appears to be well tolerated as a maintenance anesthetic, as it provides 
stable hemodynamics and respiratory parameters during its use. Similar to sevoflurane, desflurane has been associated with increased agitation and emergence delirium.[136] However, this effect does not seem to occur frequently enough to 
avoid its use in children.

Desflurane does have an irritant effect on the airway, thereby making it contraindicated for inhalational induction or for use during airway procedures such as bronchoscopy. However, many centers have adopted a practice of inducing 
anesthesia with sevoflurane and then switching to desflurane to take advantage of its quick recovery time while avoiding its airway effects during induction. It has also been suggested that it may be particularly useful in neonates and ex-
premature babies, in whom residual anesthesia effects may increase the risk of apnea postoperatively. [89] 

Intravenous Agents

Opioids

Fentanyl.

Fentanyl is the most commonly used supplement to anesthesia in children. Although the usual intravenous dose is 1 to 2 µg/kg, doses up to 100 µg/kg have been given to cardiac surgery patients with minimal cardiovascular depression.[140] 
Preterm and full-term newborns have variable and prolonged clearance, probably because of reduced hepatic blood flow.[76] 

The effect of low-dose fentanyl is terminated largely by redistribution, thereby resulting in a rapid reduction in clinical effect. Because fentanyl is highly lipophilic, however, higher or repeated doses result in drug accumulation; clearance 
then becomes dependent on metabolism,[122] and the clinical effect, including respiratory depression, may last for hours. Chest-wall rigidity has been reported after rapid fentanyl administration, although the etiology of this problem is unclear. 
Bradycardia may occur as a result of increased vagal tone, especially when given with other agents that may have a similar effect on vagal tone.

Morphine sulfate.

Overall, morphine is the most frequently used opioid in children. It can be used in the operating room to supplement inhalational agents and postoperatively to provide analgesia. The usual intravenous dose is 0.05 to 0.1 mg/kg as part of a 
balanced anesthetic technique, although higher doses may be used for a narcotic-based technique. The dose may need to be reduced in critically ill children or young infants. The half-life after intravenous administration is approximately 3 
hours in older children, but it is significantly longer in infants as a result of diminished clearance. [70] The major side effect is respiratory depression, which results in diminished tidal volume and respiratory rate. Many believe that newborns 
are at higher risk than older children for respiratory depression, although it is unclear whether this reflects a difference in pharmacokinetics or pharmacodynamics. Infusions of morphine at rates of 10 to 30 µg/kg/hour have been described in 
small infants without significant respiratory depression.[69] Histamine release is also common with the administration of morphine, and it most commonly results in a localized or generalized rash. Bronchospasm and hypotension have been 
reported, but they are much less common.

Hydromorphone.

Hydromorphone has become a commonly used alternative to morphine. It is approximately five to seven times more potent than morphine, with the usual intravenous dose ranging from 0.015 to 0.02 mg/kg. Its half-life is similar to that of 
morphine, and it has a similar duration of action. Hydromorphone may be useful in patients with renal failure, because its metabolic byproducts are less active than morphine's. In addition, hydromorphone may be a good alternative for those 
patients who suffer side effects (e.g., itching, nausea, hallucinations) with morphine. As with other opioids, respiratory depression is the most concerning side effect, but it is rare with appropriate dosing.



Meperidine.

Meperidine was a commonly used opioid for many years. It has been reported to cause less histamine release than morphine when given to adults, although this reaction has not been carefully studied in children. The usual intravenous dose is 
1 to 2 mg/kg, although reduced doses should be given to critically ill patients. The half-life is just less than 4 hours.[73] Meperidine has also been used to reduce postoperative shivering, with a concomitant reduction in oxygen consumption and 
CO2 production.[71] 

The principal metabolite of meperidine is normeperidine, a compound that can cause neurologic excitation
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that is manifested as tremors, irritability, or seizures. This is most commonly seen with prolonged use or in patients with renal dysfunction. Patients with underlying seizure disorders may also be at increased risk. Because of this unique effect
—in combination with the fact that there are several other opioids that provide equivalent analgesia—its use in both pediatric and adult anesthesia has decreased dramatically. In fact, many institutions have discontinued the routine use of 
meperidine for analgesia.

Muscle Relaxants

Succinylcholine.

Succinylcholine is the only depolarizing relaxant that is used in children. With the advent of intermediate-acting nondepolarizing relaxants, the use of succinylcholine for routine surgical procedures is declining, primarily as a result of side 
effects that relate to its depolarizing mode of action. However, it remains the most rapid acting of all muscle relaxants, and it is still indicated for use in rapid-sequence inductions and in the treatment of laryngospasm. Intravenous 
administration of 1.5 to 2.0 mg/kg achieves 95% twitch depression in 40 seconds, [80] thus resulting in excellent intubating conditions. Succinylcholine can also be given intramuscularly (4–5 mg/kg) if the intravenous route is unavailable, 
although the clinical effect is delayed in onset, depending on perfusion to the area of deposition.

The side effects of succinylcholine are numerous. Some degree of increase in masseter muscle tone is common and, in some cases, is extreme enough to mimic true trismus.[125] This is an important distinction to make, because as many as 50% 
of patients with trismus after succinylcholine are biopsy-positive for susceptibility to malignant hyperthermia.[91] Succinylcholine can also cause bradycardia as a result of an increase in vagal tone; this effect is especially prominent in younger 
children and infants. The decline in heart rate is usually transient and, if not, is responsive to intravenous atropine; occasionally, true asystole is seen. Hyperkalemia can be seen as a result of depolarization of the myoneural junction; 
increases of serum potassium of 0.5 mEq/L occur even in normal children.[36] Life-threatening hyperkalemia after succinylcholine administration can occur in children with burns, tetanus, paraplegia, encephalitis, crush injuries, and 
neuromuscular disease.[36] Myoglobinemia occurs in approximately 40% of children anesthetized with halothane who are given succinylcholine; this effect can be partially attenuated with a prior dose of a nondepolarizing agent to prevent 
fasciculations. A series of cardiac arrests has been reported in boys who were given succinylcholine and who subsequently developed massive muscle breakdown and potassium release. The presumed etiology was previously undiagnosed 
muscular dystrophies.[103] In 1994, in response to these reports, the manufacturer placed a warning on the package insert cautioning the practitioner about the routine use of succinylcholine. As a result, many pediatric anesthesiologists have 
abandoned the routine use of succinylcholine except for rapid-sequence inductions and laryngospasm.

It should be noted that 90% of an intravenous dose of succinylcholine is rapidly hydrolyzed in the plasma by pseudocholinesterase. Patients with deficient or reduced levels of pseudocholinesterase have a prolonged effect from 
succinylcholine.

Nondepolarizing muscle relaxants.

A variety of nondepolarizing muscle relaxants is available. These agents vary according to dose, speed of onset, and duration of action. As shown in Table 172-3 , the pharmacologic properties of these drugs may be different in infants than 
in older children. The choice is generally made on the basis of duration of the surgical procedure. None of the nondepolarizing agents, even rocuronium, produce good intubating conditions as rapidly as succinylcholine. In addition, at the 
higher doses required to produce paralysis in less than a minute, duration of action is prolonged.

EMERGENCE FROM ANESTHESIA

The decision of whether to extubate a patient while he or she is awake or under surgical planes of anesthesia depends on a number of factors. Deep extubations are smoother and facilitate rapid turnover. When making this decision, one must 
consider the patient's age, airway anatomy, underlying disease, the presence of blood or secretions in the airway at the time of extubation, the presence of a full stomach preoperatively, the ability of the postanesthesia care unit staff to 
manage an obstructed airway, and the immediate availability of an individual skilled in reintubation should it be required. Deep extubation is preferred in patients with asthma or in those for whom coughing would be contraindicated. Factors 
that favor awake extubation include a full stomach at the start of the procedure, an age of less than 6 months, difficult airway anatomy for either masking or intubating, copious blood or secretions in the airway, or a predisposition to apnea. 
Systematic comparisons of awake versus deep extubation have revealed that patients extubated while awake have lower saturations (probably because of coughing during emergence), but there is no difference in overall morbidity or 
mortality.[93] [97] Either technique can be performed safely; the anesthesiologist should have both approaches in his or her armamentarium and, using clinical judgment, choose the one that best fits the situation.
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TABLE 172-3 -- INTUBATION DOSES, ONSET TIMES, AND RECOVERY TIMES FOR COMMONLY USED MUSCLE RELAXANTS

Infants Intubating Children Dose (mg/kg) for Children Onset Time * (minutes) Recovery Time to 95% of Control

Mivacurium 0.3 0.2–0.3 1.5–2 15–20

Atracurium 0.5 0.5 2 40–60

Cisatracurium 0.1 0.1–0.2 2.5 53



Vecuronium 0.07–0.1 0.1 2.4 35

Rocuronium 0.5–1.0 0.6–1.2 1.3 42

Pancuronium 0.1 0.1 2.5 50
*Time to maximal blockade. 

 
 
 
POSTOPERATIVE MANAGEMENT

Nausea and Vomiting

Nausea and vomiting can result in an unpleasant recovery from surgery and anesthesia as well as a delayed discharge from the postanesthesia recovery unit and an increase in the overall cost. In the pediatric population, the incidence is 
variable, and it depends on the type of surgery, the type of anesthetic used, gender, age, history of motion sickness, and degree of hydration.[102] Although the overall incidence may be lower in children who are younger than 2 years old, 
procedures such as tonsillectomy and middle-ear surgery may be associated with an incidence of vomiting as high as 70%.[32] The use of narcotics, halogenated inhalational agents, and perhaps nitrous oxide increases the risk of nausea and 
vomiting. By contrast, propofol reduces the incidence of vomiting as compared with halothane in children undergoing adenotonsillectomy.[126] 

When postoperative nausea and vomiting (PONV) is present, an organized approach to its treatment offers the best results. This is because the emetic center is an ill-defined area located in the lateral reticular formation of the medulla that 
receives input from multiple regions of the brain, including the chemoreceptor trigger zone, the vestibular apparatus, the cerebellum, the solitary tract nucleus, and the higher cortical center.[131] The receptor types implicated in nausea and 
vomiting include dopamine, acetylcholine (muscarinic), histamine, and serotonin receptors. Opioid receptors have also been found in the chemoreceptor trigger zone. Therapy is thus based on occupying different receptors sequentially until 
the symptoms have resolved. In high-risk patients, prophylactic multimodal dosing is recommended.[103] [138] Repeat dosing of a single drug, on the other hand, does not improve effectiveness significantly if it did not work well the first time.

Several antiemetics are commonly used. Metoclopramide (0.1–0.15 mg/kg), a short-acting drug that speeds gastric emptying but also has central antidopaminergic antiemetic effects, has been shown to be effective and without significant 
side effects in children after tonsillectomy.[32] Droperidol is an effective antidopaminergic antiemetic in doses from 5 to 75 µg/kg; however, when higher doses are used, sedation and extrapyramidal side effects may be seen. [68] Furthermore, it 
should be noted that, due to a U.S. Food and Drug Administration warning about QT prolongation and the induction of torsades de pointes, its use should be restricted to cases in which other antiemetic choices have been exhausted, patients 
do not have underlying cardiac disease, and the maximum total pediatric dose is less than 100 µg/kg.[25] Ondansetron, a long-acting, nonsedating serotonin antagonist used frequently for chemotherapy patients, is also effective for 
tonsillectomy patients,[117] but it is expensive. Doses of 50 µg/kg have been found to be as effective as 100 µg/kg doses.[129] In a recent comparative study of children undergoing outpatient tonsillectomy, the frequency of in-hospital emesis was 
16% in patients given ondansetron and 30% in the droperidol group.[116] Because it has been clearly demonstrated that effective treatment of PONV requires multireceptor agents,[38] [102] one approach is to use metoclopramide as a first-line drug 
and to then use the more expensive ondansetron as a backup. However, ondansetron's additional cost may be justified by shorter recovery times, which are especially important in the outpatient setting.[114] 

A drug that has been shown to improve PONV during the 24 hours after surgery is dexamethasone. Children who receive a single intraoperative dose of dexamethasone (dose range, 0.15–1.0 mg/kg; maximum dose range, 8–25 mg) were two 
times less likely to vomit during the first 24 hours than children who received placebo. Routine use in four children would be expected to result in one less patient experiencing posttonsillectomy emesis. Additionally, children receiving 
dexamethasone were more likely to advance to a
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soft/solid diet on posttonsillectomy day 1 than were those children receiving placebo. [121] 

Last, an inexpensive but effective method of reducing the incidence of nausea and vomiting is to withhold oral fluids during the postoperative period until the child asks for them, because forced oral fluids increase the incidence of vomiting 
and delay discharge.[11] [102] This can be safely done by generously hydrating the patient with intravenous fluids intraoperatively. Nontraditional treatment methods such as acupressure are being studied and thus far confirm their effectiveness in 
the prevention of PONV; they are useful adjuncts, especially in view of the total absence of side effects.[81] 

Postintubation Croup

In children up to approximately 8 years old, the subglottis is the narrowest portion of the airway, and it may be the source of postoperative airway obstruction because of mucosal swelling. A reduction in the reported incidence of 
postintubation croup from 1%[59] to 0.1%[64] may result from using proper-sized, non-tissue-reactive tubes that allow an air leak around the tube at 25 cm H2 O or less.

Racemic epinephrine (0.5 mL in 2.5–3.0 mL of normal saline) nebulized in oxygen is the management of choice for postintubation croup; the effect is thought to result from the vasoconstriction of the subglottic mucosa. Because symptoms 
can recur within 2 to 4 hours, the child should be observed for 4 hours posttreatment before being sent home. If frequent and repeated treatments are necessary, hospital admission should be considered. Dexamethasone (0.3–0.5 mg/kg) may 
also be tried,[74] although its effect is slow in onset if it occurs at all.

Pain Management

The theory that children, particularly neonates, perceive pain less acutely and therefore do not need pain medication is no longer accepted.[6] As a result, the past 20 years have seen a significant change in how pediatric pain is approached. 
Perhaps the most powerful sign of this change was the Joint Commission on Accreditation of Healthcare Organizations adding pain management to its accreditation review in 2000. Areas that now must be addressed by accredited institutions 
include pain assessment, pain treatment, and education about pain management.[49] 

Pain assessment can be challenging in children. Assessing the degree of pain in preverbal children is problematic, although several observational scales have been developed to assist with this population.[78] Children 4 to 8 years old have been 
shown to be capable of giving a self-report with simplified tools, and older children can use the same scales that adults do. [12] Patients in the intensive care unit setting (immediately postoperatively) and cognitively impaired children remain 
populations to be studied in the area of pain assessment.



Intravenous opioids—whether given by bolus, infusion, or patient-controlled analgesia—are the mainstay of therapy for severe pain.[141] Children 8 years old and older (and some mature 6- to 7-year-old children) do well with patient-
controlled analgesia, tend to use less total drug, and have a better feeling of control than with traditional methods of administration. Younger children requiring IV opioid may benefit from administration via parent- or nurse-controlled 
analgesia.

Milder degrees of pain can be handled with nonopioid analgesics. Acetaminophen (10–15 mg/kg every 4–6 hours to a maximum dosage of 4 g every 24 hours) alone or with oxycodone (0.1–0.15 mg/kg) is useful for children who can take 
oral medications. Rectal acetaminophen can also be given, although doses of approximately 35 mg/kg are necessary to achieve serum levels equivalents with 10 to 15 mg/kg given orally.[48] Ketorolac is a nonsteroidal antiinflammatory agent 
that has potent analgesic properties; these may be equivalent to those of morphine[128] but without the respiratory depression or nausea associated with opioids. However, ketorolac requires 30 to 45 minutes for onset and may be associated with 
a higher incidence of bleeding because of effects on platelet function.[34] 

SEDATION AND ANESTHESIA OUTSIDE OF THE OPERATING ROOM

Over the past 10 years, an increasing number of procedures have been performed outside of the operating room. Reasons for this include physician time constraints, reimbursement changes, and the development of new anesthetic agents. 
Concurrent with this development has been recognition that this practice is accompanied by a risk of adverse events that may be greater as compared with the operating room as a result of monitoring variation, poor presedation evaluation, 
inadequate training, and lack of adequate recovery procedures.[20] More recently, a greater degree of scrutiny has been given to the practice of sedation for children outside of the operating room. In an effort to improve safety, the Joint 
Commission on Accreditation of Healthcare Organizations has been instrumental in forcing institutions to develop policies to improve the care of children and adults who are receiving sedation as part of their overall accreditation efforts. In 
addition, specialty organizations have developed policy statements about this topic.[1] [2] [3] In many institutions, this has meant that pediatric anesthesiologists are more directly involved with this activity than in the past.

3962

There are a large number of procedures that are performed in hospitals that may require sedation or analgesia, especially for children. Painful procedures (e.g., lumbar punctures, bone marrow biopsies, chest tube placements) are obvious due 
to the painful nature of the procedure. Other procedures, such as magnetic resonance imaging or gastrointestinal endoscopies, may also require sedation or anesthesia because of the distressing nature of the procedure and the need for 
immobility. In the context of otolaryngology, the most common candidates for out-of-the-operating-room or clinic procedures may be the removal of pressure equalization tubes, nasal ciliary biopsy, fine-needle aspiration, or the removal of 
sutures. One report suggests that these procedures can be performed in the clinic safely and with less cost using intravenous sedation as compared with general anesthesia in the operating room.[115] 

At Doernbecher Children's Hospital, the pediatric sedation service oversees sedation or anesthesia for the majority of out-of-the-operating-room procedures performed at our institution. All children scheduled for procedures receive a phone 
call before their appointment to identify any significant medical problems and to provide NPO instructions. On the day of the procedure, the patient arrives approximately 30 minutes before the planned time of the procedure for the 
placement of topical anesthesia cream. One of the sedation nurses then starts an IV, after which the pediatric anesthesiologist provides IV sedation/anesthesia. After the procedure is completed, the sedation nurse helps the patient recover 
until he or she is ready for discharge. For less-invasive procedures in cooperative patients, the sedation nurse may provide oral midazolam rather than using the method described previously.

Another option is for the otolaryngologist to provide the sedation, often with oral or IV midazolam, possibly combined with fentanyl. Even with this type of conscious sedation, practitioners should be aware of their institution's policy about 
sedation. A preprocedure evaluation should be documented, monitoring should be performed during the procedure and documented, and appropriate recovery procedures should be followed. Documentation of NPO status may also be 
relevant, depending on the depth of sedation planned.

MEDICAL CONDITIONS WITH ANESTHETIC IMPLICATIONS

A number of medical conditions may modify preoperative preparation and intraanesthetic or postanesthetic management.

Upper Respiratory Infection

The decision of whether to anesthetize a child with an upper respiratory infection (URI) is recurrent in pediatric anesthesia. When making this decision, it is helpful to know the risks involved. Deterioration in pulmonary function occurs 
during a URI, including a decrease in flow rates such as forced expiratory volume in 1 second (FEV1 ),[90] a decrease in mucociliary clearance,[67] and an increase in airway reactivity.[29] Resolution of these abnormalities can take up to 6 weeks 
after the resolution of symptoms.

These changes in pulmonary function have other clinical correlates. McGill, Coveler, and Epstein[77] reported on 11 cases (no denominator) of intraoperative atelectasis identified by chest radiography in children anesthetized within 4 weeks 
after a URI. Children with a URI may be at increased risk for postoperative desaturation,[23] croup, laryngospasm, airway obstruction, and reactive airway disease. Another prospective study evaluated adverse respiratory events in 1078 
children with URIs undergoing elective surgeries. This study identified a significantly higher incidence of respiratory events in children with URIs, although none of these events was associated with long-term sequelae. Risk factors 
associated with adverse events included a history of prematurity, a history of reactive airway disease, parental smoking, and surgery involving the airway.[108] Conversely, a prospective series of nonintubated children undergoing myringotomy 
failed to show a difference in perioperative complications between asymptomatic children and children with URI symptoms.[123] 

Other factors must also be considered. Do the symptoms result from allergy rather than infection? How severe is the URI? A child with fever, cough, malaise, and myalgias may be at higher risk than a child with mild rhinorrhea. How 
elective is the surgery? How much inconvenience would result for the family from cancellation or postponement? How often is the child symptom-free? Given the frequency of URIs in some children and the time required for the resolution 
of pulmonary function abnormalities, it may be difficult to find a disease-free interval.

Frequently, the decision seems to involve more art than science. In equivocal cases, a leukocyte count and a chest radiograph may be helpful.[108] Measurement of the child's hemoglobin saturation while breathing room air may identify some 
at-risk children, but it is not very sensitive. Unfortunately, no combination of historic features, physical findings, or laboratory tests can define the child at risk. A discussion of the potential risks and benefits with the parents will allow them 
to participate in the decision-making process. Good communication between the anesthesiologist and the otolaryngologist is essential for establishing some consistency in approach.
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Premature Infants

In the early 1980s, a high incidence of apnea was reported after the administration of general anesthesia during the first few months of life to children who had been born prematurely (37 weeks' gestational age or younger).[65] [120] The risk 
probably extends to approximately 55 weeks of postconceptual age and is inversely related to both postconceptual and postgestational age and hematocrit.[18] 

Although the etiology of apnea is unknown, most episodes are central in origin; however, nearly one-third are associated with airway obstruction.[63] Halothane blunts the ventilatory response to carbon dioxide and hypoxia, even in 
subanesthetic concentrations,[58] thereby accentuating preexisting abnormalities of respiratory control that may result in an apneic event. Although apnea has been reported after general, spinal,[21] and caudal[130] anesthesia, one prospective series 
has suggested that the incidence is lower after regional techniques without adjunctive sedation than after either general or regional anesthesia with intravenous sedation. [134] Administration of caffeine intraoperatively may also lessen the 
incidence of postoperative apnea.[133] 

Elective procedures should be postponed until premature infants are 55 weeks' postconceptual age, at which time the incidence of apnea is less than 1%.[18] Children at risk for postoperative apnea should have cardiorespiratory and pulse 
oximetry monitoring for a period of time after surgery. There is some institutional variability with regard to the exact duration of monitoring; however most will monitor for a period of 4 to 24 hours depending on the infant's actual 
postconceptual age, history of apnea, and overall health status.

Asthma

A history of asthma in a child is important to the anesthesiologist, because good preoperative preparation and careful intraoperative anesthetic management can usually prevent serious episodes of bronchospasm. History of severity (i.e., 
current medication, recent wheezing history, past need for emergency room visits or hospitalization) correlates well with intraoperative risk. For children with a history of frequent asthma attacks, consultation with the child's primary care 
provider can help ensure that treatment is maximized before surgery. A thorough physical examination that includes chest auscultation is necessary to rule out active bronchospasm. Elective surgery should not be performed in the presence of 
active wheezing. In a child with active wheezing, pulmonary function testing (especially FEV1 ) may be useful for documenting the extent of obstructive disease and the potential for reversal with bronchodilators. Improvement in expiratory 
flow rates after a trial of bronchodilators suggests that adjustments in bronchodilator therapy before elective surgery may be beneficial.[56] A variety of bronchodilator compounds are available for preoperative and intraoperative use, including 
β2 agonists, corticosteroids, and anticholinergics. [56] Nebulized β2 agonists such as albuterol are the most commonly used agents during the perioperative period because of ease of administration, good efficacy, and low incidence of side 
effects. Preoperative administration of albuterol may be helpful for decreasing the incidence of intraoperative bronchospasm.

The most common cause of bronchospasm in susceptible patients is instrumentation of the airway under light planes of anesthesia.[109] Both general and regional anesthetic agents can be used to obtund airway reflexes. Lidocaine (1–2 mg/kg) 
can be sprayed into the trachea or given intravenously to prevent reflex-induced bronchospasm.[24] Although most inhaled anesthetics prevent or ameliorate bronchospasm, halothane remains the time-honored drug of choice. Halothane 
increases bronchial caliber and pulmonary compliance, decreases pulmonary resistance, and improves gas exchange during active bronchospasm.[15] [35] Ketamine also acts as a bronchodilator and may be useful as an induction agent in patients 
with active wheezing. Extubation of the trachea while the patient is under surgical planes of anesthesia, followed by a slow, smooth emergence, minimizes the risk of bronchospasm. However, careful attention must be paid to airway patency 
until the child is awake.

Cystic Fibrosis

Early diagnosis and antibiotic treatment have improved the health and survival of children with cystic fibrosis (CF); currently, nearly 50% of CF patients are older than the age of 18 years. More than 90% of children with CF develop 
pansinusitis, and 20% develop nasal polyps, which may require surgery. A child with CF presents a significant challenge to the pediatric anesthesiologist; malnutrition, dehydration, and pulmonary insufficiency are all potential concerns. One 
series reported that 13% of patients with CF had some anesthetic complication.[63] 

Preoperative evaluation of patients with CF is important for minimizing postanesthetic morbidity. The severity of pulmonary disease can be quantitated with historic features (e.g., degree of exercise intolerance, amount of sputum 
production) and a thorough physical examination (e.g., respiratory rate, work of breathing, quality of breath sounds, skin color). Patients with evidence of significant disease should have oximetry and perhaps arterial blood gas analysis.
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Electrocardiogram and echocardiogram should also be considered to screen for right ventricular dysfunction (cor pulmonale). If the patient is cooperative, pulmonary function tests may help to quantitate the degree of pulmonary compromise 
and serve as a baseline to assess the impact of preoperative therapy. Consultation with the pulmonologist caring for the patient may also provide important information about baseline condition and medical therapy.

In patients with significant pulmonary disease, a preoperative "tune up" may help prevent perioperative complications. A regular program of chest physiotherapy includes chest percussion and postural drainage. Sputum samples are sent for 
culture and sensitivity, and antibiotic therapy may be indicated. The patient is well hydrated to avoid inspissation of secretions. Patients not taking oral vitamin K supplements are given enteral vitamin K. Many of these patients are 
emotionally labile and require psychologic support before surgery.

If premedication is required, a benzodiazepine can be given with minimal risk of respiratory depression. An anticholinergic can be given if desired; the concern about excessive drying of secretions has not been a significant clinical problem. 
General anesthesia can be maintained with inhalational agents, because they are potent enough to allow for the administration of high-concentration oxygen, and they provide bronchodilation. The shorter-acting inhalational agents (e.g., 
sevoflurane) may be of particular benefit because of their shorter recovery time. An endotracheal tube is usually placed to deal with the most commonly reported complications, which include copious secretions, airway irritability, and 
compromised oxygenation. [63] Ventilation is usually assisted or controlled to prevent the intraoperative loss of lung volume and subsequent atelectasis. All delivered gases are humidified, and intravenous hydration is maintained to facilitate 
the clearance of secretions. Tracheal suctioning is performed as necessary. At the end of the procedure, the trachea is extubated after the patient is awake and breathing spontaneously.

Diabetes Mellitus

The key to the successful anesthetic management of a child with diabetes mellitus is careful administration of dextrose and insulin and frequent monitoring of blood glucose. Knowledge of the patient's daily insulin type and amount and the 
resulting blood glucose is important to the development of a plan. A normal diet and insulin regimen should be maintained up to the day of surgery. Diabetic children should be scheduled as the first surgery of the day when possible, because 
this usually simplifies their glucose management.



One of several approaches to the management of glucose and insulin can be taken[118] : 

1.  On the morning of surgery, half of the usual insulin dose is given as regular insulin (onset in 30 minutes; peak effect in 2 to 4 hours; duration of action of 6 to 8 hours) after an intravenous infusion of 5% dextrose in 0.45% normal saline 
is established at 1500 mL/m2 per day. Serum glucose levels are monitored frequently before and after surgery and are maintained between 100 and 250 mg/dL, with a sliding scale of regular insulin given until the patient is eating and can 
resume his or her usual insulin regimen.

2.  On the morning of surgery, a continuous infusion of insulin and glucose is initiated (1–2 units of insulin per 100 mL of 5% dextrose). Adjustments can be made in the ratio to maintain blood glucose in the desired range.
3.  For procedures that are brief and will allow oral intake in the recovery room (e.g., myringotomy), no insulin and no glucose are given. These cases should be scheduled as the first of the day. When oral intake is reinitiated, 40% to 60% 

of the usual daily insulin dose is given subcutaneously, and blood glucose is monitored carefully.

The appropriate use of short-acting anesthetic agents and nonsedating antiemetics allows this group of patients to return to oral intake as soon as possible. Preoperative endocrinology consult may be helpful for patients with poorly controlled 
blood glucose.

Congenital Heart Disease

Patients with congenital heart disease are seen by many other surgical specialists for reasons of associated congenital abnormalities due to a syndrome they may have and for other diseases found in children without heart disease. Some will 
have had their defect already repaired (e.g., neonatal coarctation of the aorta). Some will have been surgically palliated and thus living in a state that is physiologically better tolerated by them that but does not represent series circulation (e.
g., hypoplastic left-sided heart syndrome in a patient who has had a stage 1 Norwood procedure). Some will have not yet had their defects repaired because the defect takes secondary priority to a more urgent other surgery (e.g., a patient 
with an atrial septal defect who has a foreign body in the airway). In each of these situations, an in-depth understanding of the patient's anatomy and physiology will dictate anesthetic goals.

The first issue is whether the patient requires antibiotics for subacute bacterial endocarditis
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prophylaxis. According to the 1997 guidelines issued by the American Heart Association, [22] for nondental procedures, endocarditis prophylaxis is recommended only for high-risk patients undergoing high-risk procedures; it is optional for 
medium-risk patients ( Table 172-4 and Table 172-5 ). If given orally, they should be administered 1 hour before the procedure. If given via an IV or intramuscularly, they should be administered within 30 minutes before the start of the 
procedure ( Table 172-6 ). For recommendations  

TABLE 172-4 -- CARDIAC CONDITIONS ASSOCIATED WITH ENDOCARDITIS

Endocarditis prophylaxis recommended:

High-risk category: Prosthetic cardiac valves, bioprosthetic and homograft valves

 Previous bacterial endocarditis

 Complex cyanotic congenital heart disease

 Surgically constructed systemic pulmonary shunts or conduits

Moderate-risk category:  

 Most other congenital cardiac malformations

 Acquired valvar dysfunction (e.g., rheumatic heart disease)

 Hypertrophic cardiomyopathy

 Mitral valve prolapse with valvar regurgitation or thickened leaflets

Endocarditis prophylaxis not recommended:

Negligible-risk category: Isolated secundum ASD

 Surgical repair of PDA, ASD, or VSD 6 months after repair

 Mitral valve prolapse without valvar regurgitation

ASD, atrial septal defect; PDA, patent ductus arteriosus; VSD, ventricular septal defect.
 
outside the scope of otorhinolaryngology, please refer to appropriate practice guidelines.

Premedication is the next question encountered. In general, cardiac patients tolerate premedications well. We routinely give 0.7 to 1.0 mg/kg of oral midazolam 10 to 30 minutes before taking the patient back to the operating room. In 
patients for whom this premedication has been insufficient in the past, we may add 5 to 10 mg/kg of oral ketamine, realizing that this will prolong recovery time. If an IV is already present, the usual doses of IV premedications are given. The 
exceptions are the patient with pulmonary hypertension and the patient in whom an increase in pulmonary vascular resistance (PVR) will cause right-to-left shunting. Elevation in CO2 as a result of hypoventilation from premedication causes 
this shift. Always monitor these patients when you premedicate them.

For patients with a pacemaker, speak to the electrophysiology cardiologist about intraoperative recommendations. In most cases, the recommendation will be to have a magnet available that, when placed over the pacemaker, puts it into an 
asynchronous mode. In this case, it will fire without sensing (VOO). This is rarely necessary, because most implanted pacemakers will do this automatically when faced with prolonged periods of electromagnetic interference. Finally, the 
grounding pad for the electrocautery  



TABLE 172-5 -- EAR, NOSE, AND THROAT PROCEDURES AND SUBACUTE BACTERIAL ENDOCARDITIS PROPHYLAXIS

Endocarditis prophylaxis recommended: Tonsillectomy, adenoidectomy

 Surgical procedures that involve respiratory mucosa

 Rigid bronchoscopy

Endocarditis prophylaxis not recommended: Endotracheal intubation

 Flexible bronchoscopy

 Tympanostomy tube insertion
 
 

TABLE 172-6 -- PROPHYLACTIC REGIMENS FOR ORAL AND RESPIRATORY TRACT PROCEDURES

Standard Amoxicillin 50 mg/kg PO up to 2.0 g

Cannot take PO Ampicillin 50 mg/kg IM or IV up to 2.0 g

Allergic to PCN Clindamycin or cephalexin or azithromycin 20 mg/kg PO up to 600 mg

  50 mg/kg PO up to 2.0 g

  15 mg/kg PO up to 500 mg

Allergic to PCN and cannot take PO Clindamycin or cefazolin 20 mg/kg IV up to 600 mg

  25 mg/kg IM or IV up to 1.0 g

PO, by mouth; IM, intramuscularly; IV, intravenously; PCN, pencillin.
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should be placed as far away from the pulse generator as possible so that the path from electrocautery to grounding pad does not cross the mediastinum.

When managing the anesthetic, do not allow air bubbles to be administered in the IV fluids. Many of these patients have shunts that may allow air to pass from venous to systemic circulations, thus putting the patient at risk for stroke, 
myocardial ischemia, renal ischemia, and so on.

When classifying the anatomy and circulation, it is simplest to visualize a red blood cell traveling through the circulation, including all the points at which a shunt might exist. In so doing, it becomes easier to sort out the anesthetic goals. 
Regardless of how the anatomy is arranged, there is a pulmonary circulation and a systemic circulation. If there is an understanding of their relationship to each other, one can manipulate the circulations to optimize the direction and degree 
of shunting within the boundaries of what the anatomy will allow ( Table 172-7 ). Poor ventricular function will dictate an anesthetic that relies more on narcotics, less on inhalation agents, and especially avoids of halothane, which has the 
highest degree of cardiac depression.

Cyanotic heart patients are able to improve their oxygen delivery in the long term as a result of polycythemia. Hematocrit, therefore, should be measured early as a baseline and should be kept near 40 mL/dL to aid with oxygen delivery. 
However, blood flow becomes sluggish when the hematocrit rises above 60 mL/dL. In these patients, phlebotomy may be considered to prevent ischemia as a result of stasis.

 
TABLE 172-7 -- FACTORS INFLUENCING PULMONARY VASCULAR RESISTANCE AND SYSTEMIC VASCULAR RESISTANCE

Vascular Resistance Increases Decreases

Pulmonary PEEP, high airway pressure Low airway pressure

 Low FIO2 High FIO2 

 Acidosis, high PaCO2 Alkalosis, high PaCO2 

 High hematocrit Low hematocrit

 Sympathetic stimulation Anesthesia

 Hypoxia Drugs (e.g., NO, sildenafil)

 Atelectasis  

Systemic Vasoconstrictors Vasodilators

 Direct manipulation Potent inhalation agents

PEEP, positive end expiratory pressure; FIO2 , inspired oxygen concentration; PaCO2 , arterial carbon dioxide concentration; NO, nitric oxide.

 
Congenital heart disease patients have very special needs. Except for the very sickest of them, they tolerate noncardiac surgery quite well. However, their care needs to be optimized by an anesthesiologist who is familiar with the care of 
congenital heart disease patients; understanding their physiology and anatomy is critical.



ANESTHETIC CONSIDERATIONS FOR SPECIFIC PROCEDURES

Rigid Bronchoscopy

Anesthesia for rigid bronchoscopy presents a significant challenge for the pediatric anesthesiologist, for several reasons. First, bronchoscopy is most often indicated for the diagnosis and management of children who are younger than 1 year 
old, predominantly because of congenital defects (see Table 172-8 )[139] ; this is relevant because anesthetic risk appears to be highest in this age group.[14] [99] Second, patients who require bronchoscopy often present with difficult airway 
anatomy or with compromised oxygenation and ventilation; these factors may predispose them to intraoperative problems. Finally, the need to share the airway with the endoscopist demands effective two-way communication and 
coordination to ensure a smooth anesthetic and to prevent complications. Thus, the importance of communication between anesthesiologist and endoscopist during preoperative planning and intraoperative management cannot be overstated. 
Preparation should include assessment of the bronchoscope to facilitate a connection between the bronchoscope and the anesthesia circuit.

Anesthetic technique may be modified depending on the age and suspected diagnosis of the child, the underlying impairment of oxygenation and ventilation, the estimated duration of the procedure, and the training and experience of both the 
endoscopist and the anesthesiologist. The choice of anesthetic agents and techniques is often driven by the diagnosis. When evaluating a patient with stridor or other evidence of a compromised lumen, spontaneous breathing allows for the 
dynamic assessment of the pathophysiology. Anesthesia can be induced with either intravenous (sodium thiopental, ketamine, or propofol) or inhalation (sevoflurane or halothane) agents with oxygen, although inhaled rather than fixed 
agents are preferred when high-grade obstruction of the upper airway is suspected, because their effect is more readily reversed. Nitrous oxide must be used with caution in patients with compromised oxygenation, and it is contraindicated in 
patients with air trapping because of the risk of lung overinflation. Heliox therapy, a low-density gas mixture that contains 70% helium and 30% oxygen, seems to be effective for improving the respiratory condition of infants with acute 
bronchiolitis or
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croup by increasing laminar gas flow through the narrowed bronchioles, thereby improving gas delivery and reducing accompanying tachycardia and tachypnea.[72] 

After the patient is adequately anesthetized, the airway can be sprayed with 4% lidocaine, which provides local anesthesia to the larynx and trachea and reduces the requirement for halothane or other anesthetic agents. Lidocaine doses up to 
7 mg/kg have been proved to be safe if they are administered over 15 minutes.[5] Intravenous lidocaine (1–2 mg/kg) is helpful,[8] but it is not as effective as properly administered topical anesthesia.

Use of the Storz pediatric bronchoscope and rod lens telescope permits good visualization of the airway while oxygen with or without an inhaled anesthetic is delivered via the side-arm attachment. However, if the 2.5-, 3.0-, and 3.5-mm 
internal-diameter bronchoscopes are used, there will be increased resistance to breathing. In combination with anesthetic agents that depress respiration, this increased resistance may result in compromised ventilation and oxygenation during 
spontaneous breathing.[100] The telescope should be removed periodically to allow the child to breathe without the resistive load. Constant communication between the anesthesiologist and the endoscopist is essential.

When spontaneous ventilation is not necessary, the adjunctive administration of short-acting muscle relaxants can allow the use of lighter planes of anesthesia (i.e., lower concentrations of halothane), which can lower the chance of 
significant myocardial depression. Alternatively, propofol can be used adjunctively with airway topical anesthesia and a muscle relaxant or narcotic. Propofol has the advantage that it can be given continuously during the procedure, thereby 
resulting in a more constant level of anesthesia than can be achieved with inhalational agents, which may be interrupted repeatedly. The choice of muscle relaxant can be made on the basis of the anticipated duration of the procedure. Infusion 
of a short-acting narcotic (e.g., alfentanil, remifentanil) may be an alternative to a muscle relaxant, thus allowing for adequate depth of anesthesia without muscle relaxation. Another advantage of total intravenous anesthetic is that the 
healthcare workers in the room are not exposed to the inhalational gases that cannot be scavenged effectively via the side arm of a bronchoscope.

During the removal of a foreign body, close communication between the anesthesiologist and the endoscopist is essential. A joint decision should be made about maintaining spontaneous ventilation versus using positive pressure ventilation. 
Adequate relaxation of the upper airway and glottis reduces the risk that the foreign body will be lost when it is pulled out of the airway with the grasping forceps and the bronchoscope.

In 1967, Sanders described a system in which oxygen at 50 to 60 psi was directed down the bronchoscope in intermittent bursts.[107] Duration of bursts would be determined by balancing chest rise with estimated airway pressures. Exhalation is 
then passive and depends on the recoil of the chest wall musculature. Although the device is usually successful for both oxygenating and ventilating patients, a number of potential problems exist. Because room air is entrained by the Venturi 
effect, hypoxemia may be seen in some patients. Peak inflation pressures and flow rates are influenced by the driving pressure, the diameter and shape of the bronchoscope, the diameter and length of the injector, and the angle from the axial 
line of the bronchoscope. Because of their smaller diameter, pediatric bronchoscopes tend to have lower flow rates and higher inflation pressures than adult bronchoscopes. Low tidal volumes may occur in patients with poor lung compliance. 
Because of the higher inflation pressures, pneumothorax or pneumomediastinum may occur.[119] Finally, blood, infectious, or particulate matter in the airway may be forced distally by high-pressure bursts.

Hypoxemia and CO2 retention are the most frequent complications of bronchoscopy. Early detection and prompt intervention usually result in resolution without incident; thus, pulse oximetry monitoring is mandatory. Monitoring of 
ventilation with capnography is impossible during bronchoscopy because of dilution of expired gas with high fresh gas flows, thus making observation of chest wall movement essential. A precordial stethoscope is also useful to auscultate 
breath sounds. Pneumothorax, although rare, must be kept in mind if acute deterioration of ventilation and oxygenation occurs, particularly if accompanied by a decrease in lung compliance and blood pressure. A portable chest radiograph 
should be obtained if the index of suspicion is high. Ventricular premature beats can occur, especially during halothane administration, and they usually reflect light levels of anesthesia and CO2 retention. Normal sinus rhythm usually returns 
promptly with a reduction in the CO2 tension, an increase in the anesthetic depth, the administration of intravenous lidocaine (1 mg/kg), or a change to another anesthetic agent.

Bronchospasm can also occur during bronchoscopy, particularly in patients with a history of reactive airway disease or active inflammation of the airway. Frequently, bronchospasm results from instrumentation of an inadequately 
anesthetized airway, particularly if the bronchoscope is in contact with the carina. Removal of the instrument and deepening the anesthetic topically or systemically usually
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resolves the problem. If not, administration of a β-sympathomimetic agent such as aerosolized albuterol (0.05–0.15 mg/kg in 5% solution) is indicated.

When the examination is complete, the bronchoscope is removed, and bag-and-mask ventilation with 100% oxygen is instituted. An endotracheal tube may be inserted if the patient is apneic; if blood, secretions, or difficult anatomy make the 
airway tenuous; or if the patient has a full stomach. If not, the patient may be awakened without an endotracheal tube as long he or she is closely observed by qualified personnel until airway reflexes have returned.



Adenotonsillectomy

Adenotonsillectomy has become a less-common procedure during the past decade, because the indications for this surgery have changed. With more effective antimicrobial therapy, the percentage of patients with recurrent infection as the 
indication for surgery has declined, and the percentage of patients with obstructive symptoms has increased; currently, nearly 30% of tonsillectomies are performed to remove obstructions.[104] With this change has come a greater appreciation 
that adenotonsillar hypertrophy may lead to obstructive sleep apnea (OSA) ( Box 172-2 ) and, in the extreme, to cor pulmonale. Because of the need to prevent cor pulmonale in patients with OSA, the adenotonsillectomy population has 
become younger; 60% of children operated on for obstruction are younger than 8 years old.[104] Of children younger than 3 years old who require tonsillectomy, 81% have an obstruction. [104] A careful history of coagulation disturbance in either 
the patient or a family member should be elicited preoperatively, with appropriate laboratory workup performed only for positive histories.

Sedative premedication should be used with caution in children with OSA, because these children are sensitive to both the sedative and the ventilatory depressant effects of sedative/hypnotic drugs. An inhalation induction is most common, 
with careful monitoring and attention to airway patency, which can often be improved with jaw thrust, insertion of an oral airway, or the addition of continuous positive airway pressure during spontaneous breathing.

 
 

Box 172-2. FEATURES OF OBSTRUCTIVE SLEEP APNEA

Cessation of air flow for at least 10 seconds, despite continuing ventilatory efforts 
 
Five or more episodes per hour of sleep 
 
A decrease of at least 4% in oxyhemoglobin saturation 
 
Arousal associated with increasing ventilatory efforts 
 
Excessive daytime sleepiness 
 

 
From The international classification of sleep disorders: diagnostic and coding manual, Rochester, MN, 1990, 
American Sleep Disorders Association.

 
 
Intubation can be accomplished either with the patient under deep inhalational anesthesia or after the administration of a short- or intermediate-acting nondepolarizing muscle relaxant. A Ring-Adair-Elwyn tube is generally used because of 
the low profile it provides under the self-retaining mouth gag. Careful monitoring of breath sounds is necessary, because the tube can become obstructed or dislodged during placement, opening, and removal of the gag.

Recently, the flexible laryngeal mask airway (LMA) has begun to be used as an alternative to intubation for adenotonsillectomy.[42] The flexible LMA has tubing that is much more flexible than the original LMA, thereby allowing use of the 
mouth gag without fear of dislodging the LMA from its proper position. Reports thus far suggest that the LMA is a safe and reliable technique for managing the airway during this procedure,[98] [61] and its use has become the standard at our 
institution. Factors that may make the LMA contraindicated include full stomach, inability to ventilate adequately through the LMA, and surgeon preference. One study has directly compared LMA to the endotracheal tube for tonsillectomy, 
with results suggesting that the use of the LMA resulted in inferior surgical access.[46] 

Anesthesia is usually provided with a volatile agent, most often sevoflurane, combined with nitrous oxide and oxygen. Oxygen concentration should be decreased to 50% or less during the procedure if electrocautery is used to prevent airway 
fires. Muscle relaxants may be used, but they are generally not necessary. Titration of supplemental narcotics helps provide a smooth anesthetic and emergence, but this must be done cautiously, if at all, in patients with OSA. If desired, 
narcotics may be withheld until emergence in the postanesthesia care unit. The decision about timing of extubation is left to clinical judgment, as previously discussed. Patients with OSA are usually extubated while awake, whereas patients 
without OSA can be extubated deep. If a deep extubation is chosen, thorough pharyngeal suctioning, placement of an oral airway, and lateral head-down positioning allows blood and secretions to drain cephalad.

Occasionally, reoperation is required for persistent hemorrhage; this occurs most commonly during the first 24 hours after the operation or at 7 to 10 days after the operation. Careful assessment of volume status and hematocrit are 
mandatory, and so is intravenous rehydration before anesthesia induction. Patients requiring reoperation have full stomachs and are candidates for rapid-sequence induction. Awake intubation should be considered if airway anatomy is 
distorted.
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TABLE 172-8 -- DIAGNOSIS ACCORDING TO AGE IN CHILDREN UNDERGOING BRONCHOSCOPY FOR AIRWAY OBSTRUCTION

 Younger than 1 Year (%) 1 to 3 Years (%) Older than 3 Years (%)

Congenital defects * 43 •8 •3

Acquired defects † 12 13 15

Normal findings •4 •1 •1

Total 69 22 19



Modified from Wiseman NE, Sanchez I, Powell RE: Rigid bronchoscopy in the pediatric age group: diagnostic effectiveness, J Pediatr Surg 27:1294, 1992.
*Laryngomalacia, tracheomalacia, bronchomalacia, vocal cord paralysis, vascular ring, hemangioma, and cysts. 
†Subglottic stenosis, papillomatosis, and infection (e.g., tracheitis, epiglottitis). 

 
 
 
Most adenotonsillectomies can be performed on an outpatient basis, as long as the patient is monitored closely for at least 6 hours after surgery.[37] Most anesthesiologists have recommended overnight hospitalization after adenotonsillectomy 
in patients with OSA. However, a recent study that found improvements in polysomnograms in patients with mild OSA the night after adenotonsillectomy suggests that hospitalization is necessary only for high-risk patients.[43] At particular 
risk are children who are younger than 3 years old and who have OSA, because this age group has a higher incidence of airway complications and delayed oral intake. [105] Other conditions that increase risk include cerebral palsy, seizure 
disorders, congenital heart disease, and prematurity.

Laryngeal Surgery

Like bronchoscopy, laryngeal surgery is challenging for the anesthesiologist, because the airway is shared with the surgeon and because the surgery is often performed on infants with congenital laryngomalacia, laryngeal clefts or webs, 
vocal cord disorders, or laryngeal tumors. Other common indications are acquired subglottic stenosis and recurrent laryngeal papillomatosis.

Several techniques allow the surgeon and the anesthesiologist to occupy the airway simultaneously. One is the spontaneous ventilation technique, which is useful when the surgeon needs to assess airway dynamics.[10] [45] [55] The concentration of 
halothane or sevoflurane, delivered to the oropharynx by a side port attached to the suspension laryngoscope, must be high enough to prevent coughing or laryngospasm but not so high as to cause significant cardiovascular depression or 
apnea. Adjunctive agents (e.g., propofol, narcotics) may be used to reduce the need for high concentrations of inhalational agent. Thorough topical anesthesia with 4% lidocaine (delivered either by atomizer or by syringe with a metal or 
plastic introducer needle) provides additional anesthesia and may also reduce systemic anesthetic requirements. Premedication with intravenous atropine helps with the maintenance of heart rate and cardiac output if high concentrations of 
halothane are necessary. A vacuum hose attached to the stabilizing support of the laryngoscope performs scavenging. As noted previously, a continuous infusion of propofol may be used instead of an inhalational agent to reduce operating 
room pollution and to provide a stable anesthetic level.

The spontaneous ventilation technique has been very useful for children with recurrent papillomatosis. The anesthetic technique for these children is basically the same as that described for bronchoscopy. Many of these children become 
psychologically sensitized by frequent needs for laser surgery, thereby making good behavioral support important. Premedication can usually be used in this population, unless their airway is particularly marginal. Child life or similar 
services have behavioral support programs that can also be especially helpful for these children. Often just the sight or smell of the anesthesia mask or inhalational agent can be quite anxiety provoking for these children. An acceptable 
alternative to mask induction may be the sequence of EMLA cream followed by an intravenous start (sometimes with a butterfly needle) and then a propofol induction.

The apnea technique may be preferred if spontaneous ventilation is not necessary and if the anesthesiologist is uncomfortable with the unprotected airway. Anesthesia is provided with a combination of a muscle relaxant, high-concentration 
oxygen, and halothane or propofol. Topical anesthesia is provided to the airway before intubation. After the suspension laryngoscope is set up, the tube is removed, and the
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surgeon proceeds while the patient is apneic. The tube is replaced when the pulse oximeter indicates decreasing saturation, with a threshold established by the team. Repeated reintubation and ventilation are performed until the procedure is 
completed. The potential for CO2 retention is high, particularly if only short periods of ventilation are used between periods of extubation and apnea.

Supraglottic jet ventilation incorporates the use of an intravenous anesthetic such as propofol with a muscle relaxant. After topical anesthesia is provided to the airway, the suspension laryngoscope is introduced, and a jet-ventilating device is 
attached. The characteristics and potential risks of this technique are the same as those discussed in the section on rigid bronchoscopy.

Finally, it is possible to place a small endotracheal tube around which the surgeon works, although this frequently proves to be awkward. Small-cuffed endotracheal tubes are now available that make it possible to more effectively ventilate 
older children with smaller-diameter endotracheal tubes.
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Chapter 173 - CHARACTERISTICS OF NORMAL AND ABNORMAL POSTNATAL CRANIOFACIAL GROWTH AND DEVELOPMENT

Frederick K. Kozak 
Juan Camilo Ospina 

INTRODUCTION

Volumes of literature have been written on facial growth and development and entire academic careers have been spent researching various concepts and theories. Searching through the written literature can be overwhelming. This chapter 
provides the reader with a place to begin to study facial growth and development and reviews major changes in growth from birth to late adolescence. Growth refers to an increase in size; whereas development indicates an increase in 
complexity of structure and function.

To understand the abnormal, one must first comprehend the normal. To accomplish this, this chapter is divided into two parts. The first part provides a brief review of the main theories of postnatal craniofacial growth and the characteristics 
of normal postnatal facial growth and development. The second part reviews abnormal facial growth and development through several clinical examples that are relevant to pediatric otolaryngology. Embryology of the head and neck is 
covered in Chapter 171 of this volume.

THEORIES OF CRANIOFACIAL GROWTH

Postnatal facial growth appears to be a complex, multifactorial phenomenon. It is clear from the resemblance of children to their parents in both facial structure and soft-tissue development that genetic factors play a significant role in basic 
facial pattern. However, "environmental" factors most certainly influence facial growth. These factors can range from intercellular influences to biomechanical forces (i.e., physical forces acting on bone). This essentially is Wolff's law 
(1870), which states that "changes in the function of a bone are attended by alterations in its structure."[199] Bone is a tissue that responds to the stresses placed on it. Bone remodels.

The genetic and environmental control mechanisms of postnatal facial growth and development are poorly understood. The three main theories of postnatal facial growth control are the genetic preprogrammed theory, the cartilage-mediated 
growth theory, and the functional matrix hypothesis. Following is a brief review of these theories, none of which is fully satisfactory.

Genetic Preprogrammed Theory (Growth Sites)

Early theorists believed that the sizes and shapes of bones were genetically determined within their cells and that sutural patterns were therefore predetermined. Because bone size and shape are defined by sutures in the head, these pioneers 
theorized that the position of sutures limits and controls the expansion of bones. Baume[10] described "growth centres" as a place of endochondral ossification with tissue-separating force, resulting in an increase of skeletal mass, and "growth 
sites" as regions of periosteal or sutural bone formation and modeling resorption that are adaptive to environmental influences. [176] The cells of the sutures grew into the void left as the bone segments pulled apart from the tissue-separating 
force. In other words, growth sites are where growth literally takes place and growth centers are areas where genetically predetermined growth takes place. This theory was tested by experiments involving suture removal and transplantation, 
and the conclusion was that sutures are not primarily responsible for growth.[145] This theory is no longer accepted as correct.

Cartilage-Mediated Growth (Scott)



In 1953, Scott theorized that the cartilage of the nasal septum "is an extension of the cartilage of the cranial base."[186] In its growth, the cartilage of the nasal septum separates the facial bones from one another and from the cranial portion of 
the skull and allows growth to take place at the sutures by the ordinary mechanism of surface deposition. He held that the nasal
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septum, along with the mandibular condyles and synchondroses (otherwise known as cephalic cartilages), are growth centers. As the nasal septum grows, it puts tension on the sutures of the nasomaxillary complex, thereby displacing it 
forward and downward with resultant growth occurring at pressure-related growth sites. Tension occurring in the maxillary sutures causes new bone growth when the sutures are pulled part. Therefore, suture growth is passive and secondary.

Latham[117] theorized that a septomaxillary ligament (connection between the septum and maxilla) in the fetus causes the maxilla to be pulled forward by the septum as the maxilla grows. It is unknown whether this ligament plays a role in 
postnatal growth, and experimentation related to the role of the nasal cartilage in this concept is unknown. Animal experimentation involving removal of septal cartilage shortly after birth[143] or secondary to trauma seems to result in mid-face 
hypoplasia, but such experiments cannot clearly prove that the cartilage removal causes the growth deficiency. Cartilage seems to play some role that has not yet been precisely determined.

The Functional Matrix Hypothesis (Moss)

Moss[146] [147] described the most fundamental dictum of the functional matrix hypothesis as follows: 

The origin of all skeletal units, all of their subsequent changes in size, shape and location and their subsequent maintenance and being, are always, and without exception, secondary, compensatory and mechanical obligatory 
responses to the morphogenetically and temporally prior and primary alterations of the operational (functional) demands of their specifically related functional matrices.

Put more succinctly, "Bones do not grow, they are grown."[144] 

The basic premise of this theory is that bone and cartilage do not regulate their own growth. This theory proposes that craniofacial bony growth occurs as a reaction to—or in response to—the functional matrix surrounding it. A functional 
matrix consists of the cells that comprise muscle, soft tissue, teeth, glands, and nerves, as well as the functioning volumes of various cavities associated with the head and neck region (e.g., nasal, orbital, oral, pharyngeal, and neurocranial). A 
feedback system exists between the functional matrix and the bone and cartilage involved. Growth of cranial size occurs in response to growth of the brain, growth of the bony orbits occurs in response to the size of the orbit, and growth of 
the facial bones occurs in response to growth of the surrounding soft tissues. There is a resultant enlargement of the associated cavities of the head and neck because of the functional demands of the airway, breathing, and eating "spaces." 
The craniofacial bones are in a dependent relationship to the surrounding soft tissues. Critics state that Moss's theory explains what happens during growth but does not explain how it happens. Moss's theory is quite useful in clinical practice 
because it allows separate assessment of each functional unit in the craniofacial skeleton (i.e., brain = cranium, eye = orbit, jaws (mandible) = mastication, nasomaxillary complex and associated airways = respiration, and the ear = temporal 
bone). The functional matrix operates within the genetic constraints of the cells and tissues involved.

Facial growth involves intimate morphogenic and biomechanical relationships among all of its component tissue parts, each influenced by, and in turn influencing the other. A fundamental principle is that no part is developmentally 
independent or self-contained.[58] 

At this time, all theories of growth control mechanisms are speculative, with strengths and faults in each. Further research is required before any definite conclusion can be made.

BONE GROWTH CONCEPTS

Osteogenesis

A review of bone formation is required for a discussion of craniofacial growth. The initial step in osteogenesis is the laying down of primary or woven bone. Primary bone is immature bone defined by random orientation of collagen fibers 
and is temporary, except in a few locations such as the tooth sockets and sutures of the cranial bones. Primary bone generally either becomes secondary (lamellar) bone or is removed to leave bone marrow cavities. Secondary bone differs 
from primary bone in that its collagen has an orderly pattern and it has an increased number of osteoblasts. Osteogenesis occurs through intramembranous ossification in mesenchyme and endochondral ossification in preexisting cartilage.

Intramembranous Bone Formation

During intramembranous bone formation, mesenchymal cells differentiate into osteoblasts and accumulate in the area where bone is laid down. The osteoblasts begin to produce osteoid, which consists of collagenous fibers and a 
homogeneous matrix that is primary bone. Secondary bone replaces the primary bone through ossification of the osteoid.

Endochondral Bone Formation

In endochondral bone formation, simultaneous removal of cartilage and subsequent formation of bone occur. Endochondral bone formation is more complex than intramembranous bone formation. Various zones exist in active endochondral 
bone formation, including the zones of reserve cartilage, proliferating cartilage, hypertrophic cartilage, calcified matrix, and resorption. The hypertrophic cartilage cells enlarge, and the surrounding matrix becomes calcified. A separate collar
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of bone forms around the circumference of the center of this cartilage bar. This is periosteal or, more precisely, perichondral bone. A vascular bud migrates into the cartilage and a primary marrow cavity forms. Meanwhile, activity at the 
various zones continues. Erosion of the cartilage takes place at the two ends of the expanding primitive marrow cavity, and bone forms on the spicules of the cartilage at the erosion front. The epiphyseal plate of long bones allows simpler 
visualization of this process ( Figure 173-1 ).

This descriptive review of bone formation can be supplemented by a molecular review of bone formation.[63] 

REMODELING AND DISPLACEMENT



Enlow[58] described the two basic types of growth movement: remodeling and displacement. This concept pertains to both bone and the surrounding soft tissues in the craniofacial complex. Remodeling involves changes in the size and shape 
of bone, the joining of separate bones and how they fit together, the adaptation intrinsically and extrinsically of these 

 
Figure 173-1 Endochondral bone formation at an epiphyseal plate. 

 

Figure 173-2 The skulls of an infant (approximately 8 months of age), a 5- to 6-year-old, a 10- to 12-year-old, and an adult. Note the bony craniofacial changes with increasing age. 
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Figure 173-3 Siblings from birth to adulthood, demonstrating changes in the craniofacial complex with growth and development. The female is shown at birth, 10 months, 2.5 years, 6 years, 10 years, 14 years, 18 years, and 25 years of age. 
The male is shown at birth, 7 months, 2 years, 5 years, 9 years, 15 years, 19 years, and 25 years of age. 

 

Figure 173-4 Changes in the size ratio of the cranium to the face during growth and development. In the newborn the cranium:face ratio is approximately 3:1, whereas in adults this ratio is approximately 2:1. (From Proffit WR and others: 
Contemporary orthodontics, ed 2, St. Louis, 1993, Mosby.) 

 



Figure 173-5 Schematic drawing noting the changes in body proportions during normal growth and development. (From Proffit WR and others: Contemporary orthodontics, ed 2, St. Louis, 1993, Mosby.) 

 

TABLE 173-1 -- NORMAL CRANIOFACIAL GROWTH AND DEVELOPMENT * 

Growth Aspect Age/Development

Neurocranium growth Birth/25% of ultimate growth

 6 months/50% of ultimate growth

 2 years/75% of ultimate growth

 10 years/95% of ultimate growth

Facial skeletal growth 10 years/65% of ultimate growth

Neurocranium: face size ratio Birth/8:1

 2 years/6:1

 5 years/4:1

 Adult/2.1:1 to 2.5:1

Brain size Birth to adulthood/3.5× increase

Fontanelle closure 3 months after birth/anterolateral

 Second year of life/posterolateral

 2 months after birth/posterior

 Second year of life/anterior

Orbits 2 years/50% of ultimate growth

 7 years/100% of ultimate growth

Inner ear 6 months of fetal life/full adult size

Brain weight Full-term infant/25% of eventual weight

 6 months/50% of eventual weight

 2 years/80% of eventual weight

 10 years/almost eventual weight

Postnatal brain growth 1 year/60% of ultimate growth

 2 years/80% of ultimate growth

 8 years/95% of ultimate growth

 Minimal growth continues to at least age 25 years

Facial height (males) Birth/40% to 61% of ultimate growth

•••Upper facial height 1 year/63 to 86% of ultimate growth

 3 years/72 to 90% of ultimate growth

 5 years/82 to 100% of ultimate growth (mean, 89%)



•••Total facial height Birth 38% to 45% of ultimate growth

 1 year/50 to 66% of ultimate growth

 3 years/66 to 78% of ultimate growth

 5 years/68 to 82% of ultimate growth (mean, 77%)

Facial dimension 3 months/equivalent to 40% of adult

 2 years/equivalent of 70% of adult

 5 years/equivalent of 80% of adult

Nasal height and nasal bridge length Fully mature in males age 15, females age 12

Nasal tip protrusion Males age 15, females age 13

Upper and lower nasal dorsum Males age 14, females age 12

Anterior and posterior nasal depth Males age 14, females age 12

Foramen magnum 1 year/80% of transverse adult size

 1 year/74% of sagittal adult size

Skull base (basion = nasion) Birth/56% of adult length

 2 years/70% of adult length

 10 years/90% of adult length

  prechordal part contributes 75% of the postnatal length and parachordal (basioccipital) contributes to 25%

Dentition eruption 8 months–2.5 years/primary teeth

 6 years –20 years/permanent teeth

Maxillary antrum height Birth/20%

 7 years/50%

 10 years/55%

Bizygomatic width Birth/60%

 3 years/80%

 5 years/82%

 10 years/85%

Cranial width Birth/65%

 3 years/85%

 5 years/92%

 10 years/95%

Cranial length Birth/60%

 3 years/85%

 5 years/90%

 10 years/95%
*See references [3] [20] [53] [57] [80] [93] [96] [134] [167] [199] [202] [204] , and [224] . 

 
 
 

 
Figure 173-6 Newborn skull fontanelles. 



 

Figure 173-7 Top view of skulls showing the shape change that occurs from infancy to adulthood. Shown are infant (approximately 8 months of age), 5- to 6-year old, 10- to 12-year-old, and adult skulls. 

 

Figure 173-8 Diagrammatic representation of the synchondroses of the cranial base, showing the location of these important growth sites. (From Proffit WR and others: Contemporary orthodontics, ed 2, St. Louis, 1993, Mosby.) 

 

Figure 173-9 Diagrammatic representation of growth at the intersphenoid synchondrosis. A bank of immature proliferating cartilage cells is located at the center of the synchondrosis, whereas a band of maturing cartilage cells extends in 
both directions away from the center. Endochondral ossification occurs at both margins. Growth at the synchondrosis lengthens this area of the cranial base. (From Proffit WR and others: Contemporary orthodontics, ed 2, St. Louis, 1993, 
Mosby.) 



 

Figure 173-10 Flexion of the cranial base. With growth, there is a more convex superior or flexed appearance from infancy to adulthood. A, Infant. B, Adult. 

 

Figure 173-11 Basal extracranial skull views of an infant (8 months of age), a 5- to 6-year-old, a 10- to 12-year-old, and an adult. Components of the cranial base are more clearly seen in the older skull. Note the open spheno-occipital 
synchondrosis in the 5- to 6-year-old skull and that the most posterior molar on the right side of the photograph is not the patient's, it was inserted. 

 

Figure 173-12 As growth of the surrounding soft tissues translates the maxilla downward and forward, opening space at its superior and posterior sutural attachments, new bone is added on both sides of the sutures. (From Proffit WR and 
others: Contemporary orthodontics, ed 2, St. Louis, 1993, Mosby.) 

 

Figure 173-13 As the maxilla is carried downward and forward, its anterior surface tends to resorb. Resorption surfaces are shown in pink. Only a small area around the anterior nasal spine is an exception. (From Proffit WR and others: 



Contemporary orthodontics, ed 2, St. Louis, 1993, Mosby.) 

 

Figure 173-14 Surface remodeling of a bone—in the direction opposite to that in which the bone is being translated by growth of adjacent structures—creates a situation analogous to this cartoon. The wall is being rebuilt to move it 
backward at the same time the platform on which it is mounted is being moved forward. (From Proffit WR and others: Contemporary orthodontics, ed 2, St. Louis, 1993, Mosby.) 

 

Figure 173-15 Anterior view of infant (8 months of age), 5- to 6-year-old, 10- to 12-year-old, and adult skulls. Note the overall change of skull shape and the facial complex to cranium ratio, the relationship of the orbits to the floor of the 
nose, nasomaxillary and mandibular growth, and dental changes. 

 

Figure 173-16 Maxillary sinus growth in an infant (8 months of age), 5- to 6-year-old, 10- to 12-year-old and adult. Drawings from x-rayed skulls. 

 

Figure 173-17 Diagrammatic representation of the relation of the initial bone formation in the mandible to Meckel's cartilage and the inferior alveolar nerve. Bone formation begins just lateral to Meckel's cartilage and spreads posteriorly 
along it without any direct replacement of the cartilage by the newly forming bone of the mandible. (From Proffit WR and others: Contemporary orthodontics, ed 2, St. Louis, 1993, Mosby.) 



 

Figure 173-18 As the mandible lengthens, the ramus is extensively remodeled—so much so that the bone at the tip of the condylar process at an early age can be found at the anterior surface of the ramus some years later. Given the extent of 
surface remodeling changes that occur, it is an obvious area to emphasize endochondral bone formation at the condyle as the major mechanism for growth of the mandible. (From Proffit WR and others: Contemporary orthodontics, ed 2, St. 
Louis, 1993, Mosby.) 
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Figure 173-19 Mandibular growth, as viewed from the perspective of vital staining dyes. Note there are minimal changes in the body and chin area, while there is exceptional growth and remodeling of the ramus, moving it posteriorly. The 
correct concept of mandibular growth is that the mandible is translated downward and forward and grows upward and backward in response to this translation, maintaining its contact with the skull. (From Proffit WR and others: 
Contemporary orthodontics, ed 2, St. Louis, 1993, Mosby.) 

 

Figure 173-20 With mandibular growth, the U-shape of the infant mandible changes to more of a V-shape, as seen in the adult. 

 

Figure 173-21 Lateral view of the infant (8 months of age), 5- to 6-year-old, 10- to 12-year-old, and adult skulls. Note the gonial angle of the mandible is more obtuse in the infant. The overall change in size of the mandible through time is 
dramatic. 



 

Figure 173-22 Superimposition on implants for an individual with a normal growth pattern showing surface changes in the mandible from ages 4 to 20 years. For this patient there was a -19 degree internal rotation but only a -3 degree 
change in the mandibular plane angle. Note dramatic remodeling in the area of the gonial angle, with a net resorption during this period. This surface remodeling or external rotation compensates for, and conceals the extent of, the internal 
rotation. (From Bjork A, Skiller V: Normal and abnormal growth of the mandible: a synthesis of longitudinal cephalometric implant studies over a period of 25 years, Eur J Orthod 5:1, 1983.) 
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TABLE 173-2 -- SIDE EFFECTS OF RADIOTHERAPY * 

Skin Dryness, abnormal pigmentation, telangiectasis, malignant degeneration, atrophy, alopecia, sebaceous cysts.

Mucosa Xerostomia, atrophy, fibrosis.

Soft tissues Atrophy, hypoplasia, sensitivity to infections.

Facial bones Growth retardation, hypoplasia, dysplasia, appositional growth restriction, weak resistance to infections, loss of cortical bone density, atrophy of alveolar 
process, micrognathia, facial asymmetry, condylar hypoplasia, "bird face," abnormal occlusion.

Teeth Failure to erupt, disturbed eruption, damage to tooth buds, anodontia, hypodontia, pseudoanodontia, mineralization, caries, root foreshortening, enamel 
dysplasia, atypical root morphology.

Orbit Bony and soft tissue hypoplasia, persistent infections.

Eyes Cataracts, xerophthalmia, retinopathy, corneal lesions, loss of vision, keratoconjunctivitis, dryness of globe, enophthalmos, stenosis of lacrimal duct.

Head and neck muscles Atrophy, trismus, fibrosis.

Risk of second malignancy Osteogenic sarcoma, soft tissue sarcomas usually within radiation fields, thyroid, breast, acute myeloid leukemia, histiocytoma.

Brain Cerebral function damage

Middle ear Serous otitis media, chronic otorrhea.

Paranasal sinuses Bony hypoplasia, chronic sinusitis.

Audiology Sensorineural or conductive hearing loss.



Speech Velopharyngeal incompetency.

Hormonal Growth retardation, growth hormone deficiency.

Psychological Psychologic disorders.

Cosmetic Bony or soft tissue hypoplasia, facial asymmetry, severe neck fibrosis, nuchal asymmetry.

Various Nutritional and vitamin deficiency.
*See reference [15] [75] [85] [94] [110] [115] [150] [174] [195] and [197] . 

 
 
 

Given that several studies have small sample sizes and there are no prospective studies, concerns still remain regarding FESS in the pediatric population. Unless the patient has an acute complication of sinus origin, FESS for chronic sinusitis 
should ideally be delayed until maximal medical therapy has been undertaken in order to avoid potential negative effects on facial growth.[171] [172] It is recommended that one be prudent regarding the timing and extent of FESS in children and 
that clear indications for surgery be followed. If FESS is performed, conservative treatment preserving as much as possible the normal mucosa, periosteum, and bone is recommended.[29] [92] [107] [130] Further prospective studies in both animal and 
humans are required to clarify the role FESS plays in the facial growth of children.

Internal Fixation

Facial fractures make up 1.4% to 15% of all maxillofacial traumas in the pediatric population.[45] The nasal bones and the mandible are the two most commonly affected bones.[106] Peak presentation occurs at age 10 years of age with most 
fractures resulting from sports, traffic accidents, or falls.[4] [164] Regarding surgical treatment, these patients are classified into three groups: 0 to 5 years (primary dentition), 6 to 11 years (mixed dentition), and 12 to 16 years (permanent 
dentition).[222] Dental rooting is required for intermaxillary fixation (IMF) to be undertaken. Other factors to consider include the site of injury such as suture lines and the degree of soft-tissue trauma, as well as the degree of scarring and 
healing contracture and whether further surgery will be required.
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Mid-face skeletal maturity is complete by approximately age 12. It is important to remember that any trauma or reconstructive surgery before this age may adversely effect facial growth.[9] Some basic principles should be followed when 
planning the management of these patients. Complete clinical and image-guided assessment, early repair of fracture and soft-tissue injury, minimal but sufficient surgical exposure, and correct technical application of fixation devices are 
required to achieve good bone stability without disrupting long-term facial growth.[9] [48] [136] [181] [185] 

The ideal material for fixation of facial fractures must create an environment that facilitates primary bone healing and bone graft incorporation. [120] It must be inert, rigid, non-allergenic, non-inflammatory, able to withstand natural stresses of 
muscle traction, compatible with human tissue, resistant to corrosion, sufficiently malleable, not behave as an artifact in CT or MR imaging, not interfere in the administration of radiotherapy and not modify growth patterns.[48] [206] The most 
commonly used materials include stainless steel, titanium, vitallium (chromium-cobalt-molybdenum alloy) and biodegradable materials.[48] [125] [182] 

The direct effect of plates and screws on facial skeletal development has been studied. Lin and others found significant growth retardation in a craniofacial segment in kittens that underwent osteotomies in conjunction with different fixation 
systems.[120] However, Mooney and others did not find significant effects in rabbits.[141] They suggested, along with Carinci and others, to avoid crossing sutures with plates and screws, given the risk of synostosis.[28] Yaremchuk and others found 
that osteotomy and fixation in the infant rhesus monkey affected craniofacial growth.[226] Growth deformity in selected craniometric parameters was greater when the complexity of fixation (longer plates and more screws) were used.[163] [226] 
Courtemanche and others found that the use of rigid internal fixation in the growing skull of piglets resulted in a contour deformity of calvarium and the microplate and screw became completely incorporated in to the bone. They suggested 
that this type of fixation not be used in the infant craniofacial skeleton.[37] Salyer and others concluded that absorbable materials did not disrupt bone growth in canine puppies, but in this study, osteotomies were not performed.[182] In 1996, 
Canady and others designed an animal model using conventional vitallium hardware after osteotomies without the restriction from routine rigid fixation. This system permitted more normal growth of the rabbit head compared with the rigid 
fixation system.[27] [54] Laurenzo and others concluded in 1995 that experimental osteotomies cause severe bony restriction in rabbits, regardless of the use of rigid plate fixation, supporting the theory that trauma itself affects growth and 
development.[118] However the validity of studies using animal models has been criticized because the lack full applicability in humans.[226] 

Resorbable systems include plates, screws, meshes, and sutures made of different hydrolysable materials such as alfa-hydroxypolyesters, polyglycolide, lactide-glycolide, copolymer, polydioxanone, polylactic acid, Lactosorb® , and PLLA-
PGA. (Poly-L-lacticpolyglycolic). Resorption time varies for these compounds, ranging between 6 months and 6 years. In 1997, Eppley, Sadove, and Havlik showed a series of 100 patients between 4 and 15 months of age who underwent 
different reconstructive craniofacial procedures. The surgeons used biodegradable plates fixed with metallic microscrews. They had positive clinical outcomes, supporting the safety and effectiveness of these materials.[62] Edwards, Kiely, and 
Eppley found results comparable to metallic hardware, after fixing bilateral sagittal split mandibular osteotomies with PLLA-PGA screws.[55] 

Imola and others published a 2001 retrospective study of patients treated with resorbable plate fixation systems, concluding that this method is safe, with results comparable to the use of metal plates, but without the negative effect on the 
growth and development of the facial skeleton given the ability of resorption once the fracture is healed.[98] 

Current indications to remove hardware devices such as metal plates, screws, and meshes consist of loosening, palpability, pain, thermal sensitivity, infection, exposure, and intracranial or intrasinus translocation. * Biodegradable systems 
were designed to minimize these potential complications. † 

The use of resorbable hardware is highly recommended in pediatric cranioorbitofacial surgery. Such hardware may have its place in mandibular surgery as well, where its resistance against the forces exerted by the mastication muscles has 
not yet been optimized.[55] [98] 

Nasoseptal Trauma and Surgery

It has long been suggested that nasal trauma or surgery has a detrimental effect on the nasofacial development of growing individuals. The literature notes that in adults with a deviated nasoseptal complex, up to 65% had sustained trauma in 
childhood.[162] It is important to understand that nasoseptal deformities are a result of a complex interaction of factors, including trauma, surgery, inheritance, and individual growth patterns. Surgical correction of nasoseptal deformities during 
childhood remains very



*References [17] [36] [37] [98] [118] [115] . 
†References [59] [60] [61] [111] [182] [205] . 

3993

controversial because of potential adverse functional or aesthetic long-term sequelae. [56] [166] [218] 

Animal Studies

Historically, various animal models of nasal septal trauma have been analyzed in attempts to find a valid correlation to humans. Sarnat and Wexler reported that in 1858 Flick removed septal cartilage from several different types of newly 
weaned animals and found significantly shortened hard palates on autopsy specimens suggesting that palatal growth depended on the growth of the nasal septum. They also reported that the degree of snout deformity was proportional to the 
amount of septum and perichondrium resected from rabbits.[183] Wexler confirmed these findings in a follow-up study.[220] Moss and others wrote that the septum played a passive role in the development of the mid-face, acting only as a support 
structure in guinea pigs.[148] Hartshorn had similar findings after septectomies in puppies.[91] Stenstrom and Thilander studied guinea pigs, noting that in this species the septum is not the primary structure determining facial growth.[201] 

Beginning in the 1970s, experimental models changed because the animal procedures to date had frequently been carried out in a destructive fashion and not as they would have been carried out in humans. Bernstein did not find growth 
retardation in dogs after conservative septoplasties in which the mucoperichondrium was preserved and the removed cartilage was reinserted but not sewn in.[16] Nordgaard and Kvinnsland noted severe deformities in rats after septoplasty, 
regardless of whether there was preservation of the mucoperichondrium.[149] Verwoerd, Urbanus, and Nijdam reported that the basal portion of cartilage, the perpendicular lamina, and the junction between cartilage and the premaxilla and 
cartilage with the sphenoid were the key areas in nasal development in rabbits.[214] Cupero, Middleton, and Silva found that septal surgery preserving mucoperichondrium did not affect facial development in ferrets.[42] However, concerns 
persisted in the literature as there was no clear correlation between animals and humans.

Human Studies

In human studies it is difficult to differentiate the proportion of long-term sequelae on nasofacial growth and development attributable to trauma alone or in combination with surgery. A number of authors have theorized on the growth 
centers of the septum ( Figure 173-23 ).[142] [184] [211] [214] [216] Clinical cases, such as that seen in Figure 173-24 , invites researchers to question the role the septum plays in nasal growth.

Traditionally, it has been accepted that nasoseptal surgery in children should be delayed until nasal 

 
Figure 173-23 Proposed growth centers of the septum. QL: Quadrangular lamina; EPL, Ethmoid Perpendicular Lamina; V, Vomer. 

 

Figure 173-24 A, Septal abscess in a 1-year-old. B, Nasal profile in same patient at age 1 and age 7. 



 

Figure 173-25 A and B, Typical "adenoid facies" in a 14-year-old child. Note the long face, OMP, short upper lip, larger lower lip, small nose, and dull facial expression. 



 

Figure 173-26a A, A newborn with Robin sequence. B, The same child at 2 years of age. Note the partial mandibular catch-up growth. 

 

Figure 173-26b C, U-shaped cleft palate in a patient with Robin sequence. 
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Figure 173-27a A, A 2-year-old male with Down syndrome (trisomy 21). B, At age 5. C, At age 11. D, At age 14. 



 

Figure 173-27b E, At age 20. 



 
 

Box 173-1. CRANIOFACIAL FEATURES OF DOWN SYNDROME

Brachycephaly 
 
Flat occiput 
 
Palpebral fissures that slant up 
 
Epicanthic folds 
 
Short, small nose 
 
Abnormal small ears 
 
Short neck 
 
Midface hypoplasia 
 
Large fissured lips 
 
Large fissured tongue 
 
Dental abnormalities 
 

 
 
Abnormal and Poor Growth in Down Syndrome

No specific gene or genes on chromosome 21 have been identified to contribute to our understanding of how the many phenotypic findings arise in Down syndrome. However, it is postulated that a dosage effect occurs because of the extra 
chromosome. No growth-regulating genes have been mapped on chromosome 21, but Pueschel and Pueschel[170] postulate that "gene coding for growth-regulating proteins may play a part in the growth retardation observed in individuals with 
Down syndrome." According to this theory, the extra chromosome 21 is responsible for the abnormal embryogenesis of the fetus with Down syndrome and somehow the balance in the growth process is altered. Further studies in the 
molecular biology of growth and development will ultimately delineate this unknown.

*References [24] [26] [33] [34] [99] [170]  
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Achondroplasia

Achondroplasia is the most common of the chondrodysplasias. A full description of this disorder of bone formation can be found in Jones,[101] Gorlin, Cohen, and Levin,[78] and OMIM.[152] 



Achondroplasia is an autosomal dominant disorder, with the majority of cases representing a new mutation. Bone formed from cartilage is abnormal because of a mutation in the fibroblast growth factor receptor-3 (FGFR-3) gene, which is 
located at 4p16.3.[179] [191] Two different point mutations have been found in the FGFR-3 gene of patients with achondroplasia, and both lead to the substitution of an arginine residue for a glycine at position 380 of the mature protein, which is in 
the transmembrane domain of FGFR-3. [152] In addition to the gene being expressed in cartilage, FGFR-3 transcripts are present in fetal and adult brains, which have the highest levels of any tissue. This may indicate that the effects of the gene 
involve calvaria content as well as skeletal cartilage, leading to true megalencephaly.[46] [152] The exact process leading to the phenotypic appearance is unclear.

Individuals affected by this disorder have short stature secondary to rhizomelic shortening of the limbs, as well as abnormalities of a number of other bones, including the lumbar spine, carpals, metacarpals, phalanges, and pelvis ( Figure 173-
28, A and C ). The characteristic facial appearance of achondroplasia results from early spheno-occipital closure, a short cranial base, a small foramen magnum, and resultant megalocephaly with frontal bossing, sunken bridge of the nose, 
and mid-facial hypoplasia ( Figure 173-28, B and D ). In addition, the eustachian tube is shortened. Head growth is normally rapid in the first 6 months of life in patients with achondroplasia.[87] 

It is postulated that the genetic defect in achondroplasia leads to reduced growth of the occipital bones, resulting in the small foramen magnum. [93] Premature fusion of the associated synchondroses could also explain the abnormal foramen 
magnum configuration. Measurement of the foramen magnum may identify individuals at risk for possible neurologic complications in achondroplasia. Basilar kyphosis is present, with the angle between the ethmoidal plane and clivus 
reduced to 85 to 90 degrees (normal angle, 110–120 degrees). [180] The clivus is vertical, and the sphenoid sinus frequently extends into it.[38] The sella may be small and abnormally J-shaped.[8] The petrous portion of the temporal bone is very 
distorted, and the internal and external acoustic meatus and labyrinths are abnormally oriented. Interestingly, balance is not affected in these patients. Mastoid development is minimal.[38] The chondrocranium is short and narrow, as noted 
earlier in this chapter. Dorst [53] noted that the mid-face is recessed in profile because the facial bones "hang down" from the chondrocranium. Articulation is normal. [180] The mandible is not affected by the genetic mutation but appears 
disproportionately large. Class 3 dental occlusion is common. Surgical correction via standard craniofacial procedures and nasal bone grafting improve the cosmetic appearance if this is desired.[8] [47] 

Mandibulofacial Dysostosis (Treacher Collins Syndrome, Franceschetti Syndrome)

Mandibulofacial dysostosis (MFD), also known as Treacher Collins syndrome, is a rare malformation syndrome with a very characteristic appearance ( Figure 173-29 ).[207] The craniofacial abnormalities in MFD are outlined in Box 173-2 [78] [101] 
and the syndrome is covered in detail elsewhere.[78] [101] [153] 

Mandibulofacial dysostosis is a rare autosomal dominant condition with complete penetrance and variable expression. Sixty percent of cases are spontaneous new mutations. The gene was first localized to chromosome 5q32-33.1 by linkage 
analysis and was subsequently identified by positional cloning.[51] The identification of mutations in the TCOF1 gene (also referred to as the TREACLE gene) in five different families confirmed the causative nature of this gene in MFD. Its 
function is unknown. At present, linkage analysis or mutational analysis can be undertaken to identify affected family members who may exhibit only mild phenotypic features of this syndrome.

Marsh and others[133] [134] provide an exhaustive, outstanding review of the cranial dysmorphology in MFD, both from the literature and from three-dimensional reformation imaging from CT scans. From a clinical standpoint, pharyngeal 
hypoplasia in individuals with MFD is significant because it makes these patients prone to airway difficulty both early in life and later in life. Pharyngeal hypoplasia existed in all 11 patients with MFD reviewed by Shprintzen.[192] In fact, 
patients with a mild or incomplete phenotype were equally at risk. Shprintzen recommended nasopharyngoscopy and anterior posterior roentgenography to aid in the diagnosis. With growth, there is an increase in basilar kyphosis 
exacerbating the problem. MFD patients reported in the literature have responded to craniofacial surgery to alleviate their apnea. [35] [100] 

Patients with MFD have an abnormal acute cranial base that is 2 to 3 SDs below normal.[193] Peterson-Falzone and Figueroa[160] reviewed the longitudinal measurements of cranial base angulation in 24 patients with MFD. They showed an 
increase in the flexure of the cranial base angle over time, with more than 50% falling into the kyphotic range, confirming previous reports of this finding in the literature. The authors attribute the increasing flexion to intracranial
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Figure 173-28 A, A 6-year-old female with achondroplasia. B, The characteristic facial appearance of achondroplasia: frontal bossing, sunken bridge of the nose, and midfacial hypoplasia. The normal mandible appears larger than usual. C 
and D, At age 12. 



 

Figure 173-29 A, Characteristic facial appearance of a 10-month-old child with mandibulofacial dysostosis (Treacher Collins syndrome). B, Oblique view of same patient. Note the absent external ear canal, which is bilateral, and the 
headband, which holds bone-conduction hearing aids. C, D, At age 6. 



 
 

Box 173-2. CRANIOFACIAL FINDINGS IN MANDIBULOFACIAL DYSOSTOSIS (TREACHER COLLINS 
SYNDROME) * 

 
Eyes 

Antimongoloid slanting of palpebral fissures 
 
Lower-lid coloboma 
 
Partial to total absence of lower eyelashes 
 

 
Ears 

Auricular malformations with or without tags and preauricular blind fistulas 
 
Stenosis or atresia of the external-ear canals 
 
Middle-ear and ossicular abnormalities 
 

 
Face 

Malar hypoplasia (hypoplastic zygomatic bones) and nonfusion of the zygomatic arches 
 
Flat frontal nasal angle 
 
Hypoplastic supraorbital rims and ridges 
 
Narrow nares and hypoplastic alar cartilages 
 
Tongues of hair onto cheeks 
 

 
Mandible and Oral Cavity 

Mandibular hypoplasia and severe hypoplasia of the mandibular condyle 
 
Microstomia 
 
High, narrow, or cleft palate 
 
Dental abnormalities 
 

*See references [46] and [62] . 

 
 
Deficient growth of the spheno-occipital and inter-sphenoidal synchondroses also plays a role in the formation of the abnormal cranial base. Kreiborg and Dahl[109] studied craniofacial growth in two children with MFD. Progressive basilar 
kyphosis occurred in both children, and the authors hypothesized that bending took place at the sphenofrontal suture. They believed that this, along with abnormal growth of the mandible, led to impairment of the airway, that the calvaria 
appeared to rotate backward and downward in relation to the anterior cranial base, and that the sphenofrontal suture acted as a joint. Kreiborg and Dahl also concluded that the abnormal growth of the mandible occurred at the condyle, which 
is in agreement with Enlow's work.[57] [58] This study is also consistent with previous findings of hypoplasia of the greater wings of the sphenoid and pterygoid plates.

The mandible in MFD is hypoplastic. The gonial angle (ramus to body angle) is obtuse. The condyles are hypoplastic or completely absent. Antegonial notching (the concavity on the inferior border of the mandible anterior to the ramus-body 
junction) has been described as characteristic of MFD, distinguishing it from other syndromes that involve the mandible. These features have been presented from studies of lateral cephalograms, longitudinal roentgen cephalometric analyses 



using metallic implants, and a review of dry skulls.[18] [43] [168] Grayson, Bookstein, and McCarthy[81] disputed this conclusion, although their methods did not employ classic cephalographic landmarks. They believed that complex craniofacial 
deformities require assessment from more than just conventional methods of measurement.[82] 

Moss's functional matrix theory involves the concept that the mandible exhibits plasticity as it relates to the functional matrix with which it is involved, namely the anatomic features related to respiration and feeding. To know what the 
relationship is between the abnormal mandible—seen in MFD and its functional matrix (respiration and feeding) in the context of Moss's functional matrix hypothesis in experimental form—would be helpful to better understand how the 
abnormal mandible functions in affected patients.[143] [144] [145] [146] 

Arvystas and Shprintzen[6] used 12 patients, ranging in age from 3 to 22 years (mean age: 10 years, 4 months), as a sample population of MFD. A number of cephalometric analyses were undertaken. They concluded that the characteristic 
appearance of the face in Treacher Collins syndrome (MFD) is a product of the distinctive relationship between the abnormal basicranium, the dysmorphic mandible, and anomalous maxillary-malar complex. The anterior displacement of the 
temporomandibular joint, the short ramus, short mandibular body, synthesis distortion, and displaced maxilla all result in the appearance so characteristic of this syndrome.[6] 

Craniofacial surgery for patients with Treacher Collins syndrome is mandatory when problems with the airway become life threatening or are so severe as to compromise the individual. Previously, onlay techniques and soft-tissue 
augmentation were employed. However, craniofacial surgery using osteotomies and advancement techniques appears to assist in the orientation of subsequent growth in a more normal direction and to enlarge the airway at the same time. 
This results in both cosmetic and functional improvement.

As patients with MFD grow, their abnormally formed bones also grow, maintaining their original
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anatomy. "As they are malformed, so shall they grow."[165] Some researchers believe that the facial appearance of MFD individuals may improve during childhood growth.

Other Conditions and Syndromes

Numerous other syndromes and conditions may result in abnormalities of craniofacial growth and development. Cleft lip and palate and the craniosynostoses are two complex conditions resulting in abnormal craniofacial growth and 
development. These conditions cannot be given justice in a brief review, and the reader is directed to the significant literature covering these topics.

CONCLUSIONS

The field of craniofacial growth and development is extremely complex. Despite the voluminous amount of literature in this field, little is known about the control mechanisms involved even though our understanding has increased because 
of the genetic revolution. The latter part of this chapter has described craniofacial growth in several genetic conditions from a primarily anatomic perspective, as this is currently all that is known.

Genetic predetermination is involved to a certain extent in facial growth and development, and many studying the field of craniofacial growth support the concept of Moss's functional matrix hypothesis and its interaction within the genetic 
constraints of the cells and tissues involved. As some critics have stated, however, Moss's theory explains what happens during growth but does not explain how it happens. The same can be said in describing abnormal facial growth and 
development. The cellular interaction within and between craniofacial regions remains unknown. It also seems likely that genes related to craniofacial growth and development are related to neurodevelopment. In the mid 1990s, an 
understanding of molecular genetics and craniofacial malformations began.[71] [221] Although there has been much progress in the study of genes for growth factors and signaling factors, we still have much more to learn.[154] 

Acknowledgment: The authors would like to thank Dr. Lorna E. Hruby for her editorial assistance.
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Chapter 174 - VASCULAR TUMORS AND MALFORMATIONS OF THE HEAD AND NECK

Reza Rahbar 
Trevor J. McGill 
John B. Mulliken 

TERMINOLOGY

The field of vascular anomalies has been obscured by its own bewildering descriptive and histologic nomenclature. Terminologic confusion has led to improper diagnosis, illogical treatment, and misdirected research efforts. The clinical 
presentation of vascular anomalies can be confusing, because they appear in the same color spectrum of blue, pink, and red. Often the same word has been used to describe entirely disparate vascular lesions ( Figure 174-1 ). Hemangioma has 
been applied as a generic term to describe various vascular lesions with distinctive natural histories and differing etiologies. The most common tumor of infancy, known as strawberry, capillary, cellular, or juvenile hemangioma,[4] typically 
undergoes rapid growth during the first months of life, followed by slow, invariable involution. Port-wine stain, a lesion that never regresses, also has been called a capillary hemangioma.[45] [55] The term "cavernous hemangioma" continues to 
be incorrectly used for venous anomalies that never involute and gradually expand.[29] [51] 

In 1982, Mulliken and Glowacki presented a biologic classification based on clinical characteristics, natural history, and cellular features.[35] [36] This nosologic scheme cleared the clouds of confusion to reveal a multidisciplinary field involving 
several medical specialties, interventional radiologists, and surgeons. The initial classification was slightly modified and accepted at the 1996 biennial meeting of the International Society for the Study of Vascular Anomalies in Rome.[15A] On 
the basis of cellular kinetics and clinical behavior, there are two major categories of vascular anomalies: tumors (lesions that arise by endothelial hyperplasia) and malformations (lesions that arise by dysmorphogenesis and exhibit normal 
endothelial turnover).[38] Infantile hemangioma is the most common vascular tumor. It is a lesion that grows rapidly in early infancy and is characterized by endothelial proliferation and invariably undergoes slow regression. There are rare 
variants called Congenital Hemangioma defined as tumors that are fully developed at birth and do not exhibit the usual postnatal rapid proliferation.[3A] Other vascular tumors are the intermediate grade hemangioendotheliomas and high grade 
angiosarcomas. Vascular malformations are present at birth, although not always seen, and are characterized by a normal rate of endothelial cell turnover and growth commensurate with the child ( Table 174-1 ). It is clinically useful to 
separate the vascular malformations into slow-flow anomalies (capillary, venous, lymphatic, or combined forms) and fast-flow anomalies (arteriovenous fistula [AVF] and arteriovenous malformation [AVM]) ( Figure 174-1 ).

HEMANGIOMA

Clinical Presentation

Infantile hemangioma is the most common tumor of infancy occurring in 4% to 10% of children by age one year.[43] There is an increased incidence (23%) in prematures weighing less than 1000 g.[1] Most infantile hemangiomas are not seen in 
the newborn nursery and appear during the first 6 weeks of life. Approximately one-third of these lesions will present at birth as a reddish macule, pale spot, or telangiectasia surrounded by a halo. [24] Infantile Hemangioma occurs more 
commonly in girls, with a ratio of 3:1, and more common in caucasians than in darkskinned children. [35] 

The life cycle of infantile hemangioma is rapid postnatal growth (proliferating phase) for the first 8 to 12 months, followed by a slow regression over 5 to 8 years (involuting phase) and ending with the
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Figure 174-1 Classification from old terminology to hemangioma or vascular malformation. (From Mulliken JB, Young AE: Vascular birthmarks: hemangiomas and malformations, Philadelphia, 1988, WB Saunders.) 

 

TABLE 174-1 -- DISTINGUISHING CHARACTERISTICS

Hemangioma Vascular Malformation

Usually not seen at birth Always present at birth

Gender: Female > Male Equal gender distribution



Race: More common in white Equal between all races

Rapid growth and slow regression Grows proportionately with the child

Firm and rubbery Compressible

Rarely involves bone or cartilage May cause significant hypertrophy and distortion of craniofacial skeleton
 
involuted phase. ( Figure 174-2 ). Hemangioma often feels firm and rubbery as compared to the readily compressible venous malformation. As hemangioma extends in the superficial dermis, the skin becomes raised with a vivid bright-red 
color ( Figure 174-3 ). Most lesions will remain well-circumscribed, measuring 0.5 to 5.0 cm in diameter, others spread in a geographic fashion. Hemangioma can proliferate in the lower dermis or subcutaneous tissue with little involvement 
of the superficial or capillary dermis. The overlying skin is smooth, perhaps slightly raised with a bluish hue and enlarged radially draining veins. In the past, these deeper lesions were erroneously called "cavernous hemangioma." When a 
hemangioma involved both deep and superficial skin layers, it was called a "mixed or capillary-cavernous hemangioma." In fact, histologic examination of hemangiomas with these morphologic appearance shows that the proliferating 
endothelial cell pattern is remarkably consistent throughout the depth of the tumor.[35] The terms capillary (denoting superficial hemangioma) and cavernous (denoting deep hemangioma) are thus inaccurate and should not be used in clinical 
practice. It is more accurate to refer to a bright-red lesion as a superficial hemangioma, to designate a lesion with normal overlying skin as a deep hemangioma, or to describe it as a combined lesion.

Eighty percent of hemangiomas occur as isolated lesions, whereas 20% are multiple tumors.[25] [32] The head and neck region is the most commonly involved, followed by the trunk and extremities.[18] An infant with multiple cutaneous 
hemangiomas is likely to have visceral lesions, especially in the livers. Infants who present with hemangioma in the cervicofacial area, specifically in the "beard" distribution (i.e., preauricular, chin), are at a higher risk of having associated 
laryngeal and tracheal lesions.[44] Hemangiomas rarely cause bony or cartilaginous hypertrophy. However, they may obstruct the cartilaginous ear canal or distort the nasal bony-cartilaginous pyramid ( Figure 174-4 ).

The signs of regression appear by age one year, as the lesions growth reaches a plateau. The bright color fades to a dull purplish hue. The skin begins to pale, and a patchy gray mantle forms ( Figure 174-5 ). The rate of regression is 
unrelated to the cutaneous depth, gender, site, and appearance. Involution is complete in approximately 50% of children by 5 years of age and in 70% of children by 7 years age.[38] Gradual improvement can continue until 10 to 12 years of age.
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Figure 174-2 A, A newborn with a macular stain on the left forehead and cheek. B, Note rapid proliferation of the hemangioma at 6 months of age with field involvement of the orbit, adnexa, and upper face. 

 

Figure 174-3 An infant with extensive hemangioma (proliferating phase) involving the auricle, parotid region, and right side of the face. 

 

Figure 174-4 A deep nasal hemangioma, which has erroneously been labeled cavernous in the past. 



 

Figure 174-5 Parotid hemangioma in the involutive phase. The lesion shrinks and softens as the color fades; these signs seem to progress centrifugally. 

 

Figure 174-6 Microscopic section of a proliferative-phase hemangioma showing a mass of endothelium with and without lumina. 

 

TABLE 174-2 -- MAGNETIC RESONANCE IMAGING CHARACTERISTICS OF VASCULAR ANOMALIES

 T1-Weighted T2-Weighted Contrast (gadolinium) Gradient

Hemangioma Soft-tissue mass, isointense or 
hypointense, flow voids

Lobulated soft-tissue mass, increased signal, 
flow voids

Uniform intense enhancement High-flow vessels within and around soft-tissue mass

Venous malformation Isointense to muscle, possible high-
signal thrombi

Septated soft-tissue mass, high signal, signal 
voids (phleboliths)

Diffuse or inhomogeneous enhancement No high-flow vessels

Lymphatic malformation Septated soft-tissue mass, low signal Soft-tissue mass, high signal, fluid/fluid levels Rim enhancement or no enhancement No high-flow vessels

Arteriovenous malformation Soft-tissue thickening, flow voids Variable increased flow voids Diffuse enhancement High-flow vessels throughout abnormal tissue
 
lightening of color, softening, and diminished growth. If there is no evidence of accelerated regression at 2 to 3 mg/kg/day for 7 days, the hemangioma must be considered unresponsive. Such a lesion will not respond to a higher dose, and the 
drug should be discontinued. If the lesion is responsive the dosage is slowly tapered and discontinued. Rebound growth may occur in a proliferative-phase hemangioma if the steroid level is too low or the drug is stopped too early. With 
systemic corticosteroid therapy, 30% of hemangiomas show accelerated regression, 40% exhibit stabilization of growth, and 20% to 30% fail to respond.[15] 

Intralesional corticosteroid should be considered for small hemangiomas on the face, including nasaltip lesions. The dose (3–5 mg/kg per injection) is based on the size of the lesion and the infant's weight. Triamcinolone (25 mg/mL) is 
injected slowly with a 3-mL syringe and 30-gauge needle.[38] Usually three to five injections are needed at 6- to 8-week intervals. It is helpful to compress the periphery of the lesion to minimize the chance of embolization of the colloidal 
particles. There are cases of blindness with intralesional steroid for periorbital hemangioma possibly caused by embolic occlusion of the retinal artery. [48] An overall response rate of 60% to 80% with either systemic or intralesional 
corticosteroids is expected.[2] [15] [28] [52] 

Interferon.

The antiangiogenic properties of interferon (IFN) were discovered fortuitously when the recombinant drug was used to manage patients with acquired immunodeficiency syndrome (AIDS). White and colleagues[58] observed remarkable 
regression of pulmonary angiomatosis in a 7-year-old boy after IFN-2a therapy. Soon thereafter, other investigators[43] [59] reported favorable responses to this drug in a small number of infants with Kasabach-Merritt phenomenon.



IFN should be considered for endangering or life-threatening hemangiomas when there is (1) failure of response to corticosteroid; (2) contraindications to systemic corticosteroid; or (3) complications of corticosteroid.[16] There is no evidence 
that IFN and corticosteroids are synergistic and should not be used together.[39] If there is no response to corticosteroid, it should be tapered quickly and stopped after the initiation of IFN. The empiric dose for IFN is 2 to 3 million units/m2 
injected subcutaneously every day. Usually 6 to 12 months of IFN treatment are necessary. IFN therapy has an over all 80% success rate, even in hemangiomas that fail to respond to corticosteroid.

INF usually causes a low-grade fever for the first 1 to 2 weeks. Other side effects include elevation of hepatic transaminases, transient neutropenia, and anemia. The most serious possible toxicity of IFN therapy is spastic diplegia. The 
incidence seems to be approximately 5%; the mechanism for this neurologic side effect is unknown.[38] It is imperative that a neurologist closely monitors these patients, and if there are any neurologic signs, IFN should be discontinued.

Vincristine.

Vincristine has recently became the second line medical management of life-threatening hemangioma.[20A] [25A] [44A] This naturally occurring Vinca alkaloid inhibits mitotic spindle microtubules by binding to tubulin, resulting in inhibition of 
mitosis. Treatment is administered at standard doses
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(1–1.5 mg/m2 or 0.05–0.065 mg/kg) in weekly intervals, with an average response time of 4 to 6 weeks.[20A] [25A] [44A] Vincristine appears to be well tolerated; neurotoxicity is the most common reported complication.[20A] [25A] [44A] 

Surgical Therapy

Excision during childhood is usually indicated for removal of the fibrofatty residuum or skin laxity that remains after complete regression of hemangioma. However, there are indications for earlier operative intervention rather than waiting 
for involution to occur, for example: (1) hemangioma causing visual problems that is unresponsive to corticosteroid therapy; (2) subglottic hemangioma causing airway obstruction; (3) pedunculated and ulcerated lesions causing bleeding and 
infection.

Excision for psychologic indications should be carefully considered [37] . Excision is indicated if it is obvious that skin removal will be necessary in the future either because of color, quality, or contour, notwithstanding the final result of 
involution. The lip and nasal tip are psychologically sensitive foci of hemangiomas ( Figure 174-7 ). Subtotal or contour excision is often indicated during early childhood.

Complications

Ulceration, bleeding, infection.

When a hemangioma penetrates the epidermal basement membrane, ulceration or bleeding may occur. Complications such as ulceration, bleeding, and infection often necessitate intervention. Bleeding is often sudden, punctate, and 
frightening. A daily cleansing and application of hydrated petrolatum and viscous lidocaine, topical antibiotics, or use of hydrocolloid dressing is recommended.[38] Superficial ulceration usually responds to daily cleansing and application of 
topical antibiotic ointment. Deeper ulceration may require dressings and often take several weeks to heal. Extensive or refractory ulceration may be an indication for pharmacologic therapy or surgical intervention.

Visual.

Obstruction of the visual axis by a hemangioma can result in deprivation amblyopia and failure to develop binocular vision. Even a small hemangioma of the upper eyelid may cause distortion of the growing cornea, producing refractive 
error and leading to astigmatic amblyopia.[47] Any infant with a hemangioma in the periorbital region should have a prompt ophthalmologic examination and close follow-up, because pharmacologic therapy is often necessary.

Airway obstruction.

Subglottic hemangioma is a potentially life-threatening lesion that usually presents after the first 6 weeks of life.[6] [17] [22] [23] Clinically, 

 
Figure 174-7 A, A prominent involuting-phase hemangioma of the nasal tip in a 5-year-old girl. B, Nasal contour 4 years after subtotal excision. 

 

Figure 174-8 Endoscopic appearance of a typical subglottic hemangioma on the posterolateral wall of the subglottic space on the left side. 



 

Figure 174-9 Endoscopic view of a broad, posterior subglottic hemangioma occupying 80% of the airway. 

 

Figure 174-10 A, A 6-month-old infant with an extensive proliferating hemangioma of the right cheek, lips, and oral cavity. B, This circumferential subglottic hemangioma in the same patient necessitated a tracheotomy. C, At 4 years of 
age, the patient was decannulated as the subglottic hemangioma involuted completely. There is still redundant tissue in the right cheek. D, The result after complete involution of the hemangioma when the patient was 9 years of age. 

 

Figure 174-11 Computed tomogram of a type I lymphatic malformation (formerly cystic hygroma) demonstrating large fluid-filled spaces with ringlike enhancement and sharp demarcation from the normal structure. 

 



Figure 174-12 A, A 6-month-old infant with a large cystic lymphatic malformation in the left anterior cervical triangle. This lesion was removed in toto. B, Surgical specimen. 

 

Figure 174-13 A, A port-wine stain in the V1, V2, V3 dermatome with slight overgrowth of the lip and maxilla. B, Port-wine stain involving the cheek and neck in a 3 1/2-year-old child before laser treatment. C, Port-wine stain completely 
cleared by pulsed-dye laser system after seven treatments. (Courtesy of Dr. O. T. Tan.) 

 

Figure 174-14 An infant with a vascular anomaly of the right cheek and lips present since birth. On palpation, the lesion is a soft, compressible, spongy mass that is nonpulsatile and slowly refills. This is a venous malformation. Management 
consists of sclerotherapy followed by contour excision of the lips. 



 

Figure 174-15 Arteriovenous malformation (AVM). A, A 2-year-old boy with a capillary stain of the left auricle and external canal. The ear is warm and slightly large. B, At 5 years of age, the left superficial temporal artery was ligated. The 
left ear gradually enlarged with an associated bruit and thrill. At 12 years of age, there was occlusion of the external canal and intermittent pain, tenderness, ulceration, and bleeding. C, A left external carotid angiogram revealing a large 
AVM of the left auricle. D, The left AVM and surrounding tissue were resected. The auricular cartilage and perichondrium were preserved and covered with a temporoparietal fascial flap and split-thickness skin. The auricular cartilage 
survived but underwent fibrosis. No evidence of residual or recurrent AVM was seen 1 year later. 
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Chapter 175 - CRANIOFACIAL SURGERY FOR CONGENITAL AND ACQUIRED DEFORMITIES

Jonathan Z. Baskin 
Sherard A. Tatum III 

INTRODUCTION

The field of craniofacial surgery is a broad and continually growing one that encompasses a wide array of congenital and acquired deformities. Much of the growth in this field has occurred in the past few decades, thus it is a relatively young 
discipline in a state of active development. Craniofacial surgery refers to a set of approaches and techniques developed in the past 40 years that allow for safe reliable manipulation of the craniofacial skeleton. Although the field originally 
dealt with congenital problems, the techniques have been broadly applied to trauma and tumor surgery of the craniofacial structures. The term "craniofacial anomaly" refers to those malformations that involve the face, cranium, and cranial 
base. In the pediatric population, the field is more commonly concerned with congenital anomalies, whereas in adults, the more frequently encountered applications relate to trauma and neoplasm.

Congenital craniofacial deformities commonly occur as isolated defects and less often as part of a syndrome. The Committee on Nomenclature and Classification of Craniofacial Anomalies of the American Cleft Palate Association has 
organized craniofacial malformations into five categories: (1) facial clefts/encephaloceles and dysostoses; (2) atrophy/hypoplasia; (3) neoplasia/hyperplasia; (4) craniosynostosis; and (5) unclassified.[64] Clinical entities such as orbital 
hypertelorism often exist with a syndrome that clearly fits into one of the aforementioned classifications. Hypoplasia of the midface and micrognathia would be incorporated into the second category. In children, hematologic disorders and 
overly aggressive cerebrospinal fluid (CSF) shunting can result in secondary craniofacial disorders. Acquired deformities of the craniofacial complex also include those inflicted by means of a traumatic event. Neoplasm (third category) and 
its treatment are classified as acquired deformities.

As is plainly evident, the field of craniofacial surgery is large with many and varied subfields. The objective in this chapter is to provide an overview of craniofacial surgery. The pathophysiology of major craniofacial anomalies is discussed 
to provide a framework upon which to understand the important clinical issues. The focus of the clinical discussion is on cranial vault and facial bony defects and less on facial clefts. Those disorders of first and second branchial arch 
derivatives that give rise to known craniofacial anomalies are briefly described. Trauma and neoplasm are important contributors to craniofacial disease and are examined here but discussed in greater detail elsewhere in the text.

EPIDEMIOLOGY

Craniofacial anomalies have been reported to constitute approximately one third of all congenital defects. The incidence of assorted individual deformities and syndromes varies. However, the overall incidence is considered to be 0.2 to 0.5 
out of 1000 births.[29] Interestingly, some deformities of the craniofacial complex occur at a uniform rate across different races and ethnic groups. Others occur with a frequency that varies a better understanding.

Many craniofacial malformations seem to have a genetic etiology. Several familial types have been well documented, and transmission can occur by way of autosomal-dominant or recessive modes. With occasional exceptions, males and 
females tend to have similar incidences for most anomalies. Craniofacial anomalies have been reported to occur as part of a genetic condition in approximately 20% of cases.[29] However, with the discovery of new syndromes and from group 
to group of the pathogenesis of many "isolated defects," that figure is probably an underestimate. Furthermore, as will be discussed, the pathogenesis of
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craniofacial anomalies is complex, and it is most accurate to describe their etiology as multifactorial.

MECHANISMS OF POSTNATAL FACIAL GROWTH

It was once thought that craniofacial growth (like all other growth) was regulated, to a large extent, by the central nervous system (CNS). It is now understood to be much more complex. On a cellular level, the signal-sensitive membranes of 
the many types of cells respond to several different cues. On a developmental level, the functional needs of a particular structure and its relationship to adjoining structures strongly influence patterns of growth. Craniofacial bony growth is 
secondary to neural tissue growth and expansion. The brain as an organ mass develops early in embryogenesis. As the basicranium forms, it is constantly taking its cues from the brain. The basicranium essentially functions as the template 
for subsequent facial growth. The face can be viewed as a series of stratified vertical levels or fields that are strongly influenced by growth of the brain and basicranium.[12] 

Two primary forces are at play during the growth of individual craniofacial bones and structures: displacement and remodeling ( Figure 175-1 ). Displacement occurs when the bone is pushed away from its articulation with other bones (by 
the combined effects of growth of the surrounding soft tissue and sutural growth). Remodeling occurs by resorption and deposition of new bone resulting in a net vector of growth. Growth does not indicate uniform enlargement of a structure, 
rather it refers to a combination of displacement and remodeling. Thus, the basicranium influences the nasoorbitomaxillary complex and the ramus of the mandible. Growth of the nasoorbitomaxillary complex displaces the maxillary 
dentoalveolus. This displacement, together with growth of the mandibular ramus, then impacts growth of the corpus (body) of the mandible. The soft tissues are continually exerting their own influence on postnatal growth (as is evidenced in 



the "adenoid face"). The entire system is plastic and in flux throughout the growing period (even after periods of growth, albeit to a far lesser extent). It is for this reason that rigid nonbiologic implants such as titanium have the potential to 
interfere with normal growth. They lack the plasticity that is so vital to dynamic growth.[32] [42] [68] 

Throughout the period of craniofacial growth, an overriding homeostasis exists between the different fields of growth. Small aberrations in one field can be counterbalanced by compensatory growth in another, resulting in constant 
equilibrium. This is important to bear in mind when planning surgical or orthodontic intervention. Treatment failure or relapse is likely if that equilibrium is significantly disrupted. [63] Generally, interventions are more likely to succeed if the 
cause 

 
Figure 175-1 Schematic representation of displacement and remodeling in the mandible. Remodeling occurs through a combination of resorption and deposition. (From DH Enlow DH: The facial growth process. In Enlow DH, editor: 
Facial growth, ed 3, Philadelphia, 1990, W.B. Saunders.) 

 

Figure 175-2 DNA mutations lead to several known defects in the FGFR protein. Depicted are three receptors with defects involving different domains. The preponderance of syndromes is associated with abnormalities of FGFR2. (From 
Cohen MM Jr, Maclean RE: Craniosynostosis: diagnosis, evaluation and management, ed 2, New York, 2000, Oxford Press.) 

 



Figure 175-3 In craniosynostosis, growth is prevented from occurring across the fused suture. The arrows demonstrate compensatory growth that occurs across open sutures with continued intracranial expansion. (From Cohen MM Jr., 
Maclean RE: Craniosynotosis: diagnosis, evaluation, and management, ed 2, New York, 2002, Oxford Press, p 122.) 

 

Figure 175-4 Sagittal suture synostosis without premature metopic closure resulting in scaphocephaly. 

 

Figure 175-5 Metopic suture synostosis resulting in trigonocephaly. 

 

Figure 175-6 Unilateral coronal synostosis resulting in plagiocephaly. Note that the cranial vault irregularities are not confined to those ipsilateral to the defect. Compensatory growth has resulted in frontal bossing on the contralateral side. 



 

Figure 175-7 Deformational and synostotic plagiocephaly give rise to different characteristic head shapes. A, Posterior deformational plagiocephaly results in a parallelogram shape to the head with an anteriorly displaced ipsilateral ear. B, 
Unilateral lambdoid synostosis gives rise to a contralateral posterior and sometimes anterior bossing. The ipsilateral ear is displaced posteriorly. (From Cohen MM Jr., Maclean RE: Craniosynotosis: diagnosis, evaluation, and management, 
ed 2, New York, 2002, Oxford Press, p 128.) 

 

Figure 175-8 Bilateral coronal suture synostosis resulting in brachycephaly. 

 

Figure 175-9 Coronal and sagittal suture synostosis in this child with Apert syndrome resulted in acrocephaly. 

 

Figure 175-10 Premature fusion of all the cranial sutures except for the metopic and squamosal sutures results in Kleeblattschädel or cloverleaf skull. (From McCarthy's textbook in Plastic & Reconstructive Surgery, Volume 4.) 



 

Figure 175-11 Skull film demonstrating the "harlequin-mask" appearance seen in patients with unilateral coronal suture synostosis. 

 

Figure 175-12 Three-dimensional CT construct demonstrating trigonocephaly. 

 

Figure 175-13 A wavy line bicoronal incision that extends postauricularly is well concealed once the hair has grown in sufficiently. 

 

Figure 175-14 There is a range of surgical treatments that can be used for repair of scaphocephaly depending on the severity. The depiction on the left represents removal of the suture, the one in the middle depicts strip craniectomies, and 
the drawing on the right demonstrates removal of the suture and coronal and lambdoid cuts. The latter is frequently combined with outfracture of the parietal bones. 

 



Figure 175-15 Scaphocephalic repair. A, Preoperative view of severe scaphocephaly. B, Repair required total cranial vault remodeling; the temporoparietal complex was outfractured on each side. Note the combined use of resorbable sutures 
and plates to achieve a stable construct. C, Postoperative view. 

 

Figure 175-16 A bifrontal craniotomy has been done. Note the elevation of the dura from the anterior cranial fossa in preparation for removal of the bandeaux. 

 

Figure 175-17 The central cut of the bandeaux is illustrated. This cut is made above the nasofrontal suture. It is extended into the anterior cranial fossa anterior to the crista galli while the brain is protected with a malleable retractor. This 
way olfaction is preserved, and the barrier between the intracranial and nasal cavities is left intact. (From Salyer K: Aesthetic craniofacial surgery, 1989, Gower Medical Publishing-Lippincott, p 35.) 



 

Figure 175-18 The bandeaux after removal. 

 

Figure 175-19 A, The bandeaux can be split and a graft used to stabilize the new supraorbital construct. B, The bandeaux is in place. 

 

Figure 175-20 A, In this plagiocephalic repair, the lateral advancement of the bandeaux is dramatic, whereas centrally little advancement was necessary. B, In this brachycephalic repair, there is more central advancement relative to the 
plagiocephaly repair, but still far less than the lateral advancements. 



 

Figure 175-21 Trigonocephalic repair. A, Preoperative view of trigonocephaly. B, Intraoperative view. C, Postoperative view. 

 

Figure 175-22 Bone grafts are placed between the orbit and the anterior cranial fossa in an effort to reconstitute the orbital roof. 

 

Figure 175-23a A, The monobloc advancement: LeFort III osteotomies are done in concert with a bifrontal craniotomy and mobilization of the bandeaux. Frontoorbital and midfacial advancements are then performed. B, Monobloc 



advancement, with internal distractors used to gradually advance the facial segment (note the right internal distractor device at the end of the retractors). 

 

Figure 175-23b C through E, Preoperative (left) and postoperative/postdistraction 3D CT scans, frontal views, and dental/occlusal views. 

 

Figure 175-23c 



 

Figure 175-24 Facial bipartition can be used to move the orbits into more medial positions and narrow maxillary width as well. An inverted triangular wedge of bone is removed from the midline extending from the supraorbital ridge to the 
maxillary arch. The skeletal segments are then rotated in bringing the orbits into closer alignment and also reducing an open-bite deformity. This procedure is also used in the repair of some midfacial clefts. (From Salyer K: Aesthetic 
craniofacial surgery, 1989, Gower Medical Publishing-Lippincott, p 67.) 

 

Figure 175-25 Hypertelorism can be repaired by making internal and external orbital osteotomies (see text). Central blocks of bone can be removed as necessary and the orbits rotated into position. (From McCarthy's Plastic and 
reconstructive surgery, vol 4.) 
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Chapter 176 - CLEFT LIP AND PALATE
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INTRODUCTION

Cleft lip (CL) and cleft palate (CP) are among the more common congenital deformities. Many problems are associated with the CL or CP anatomic deformity. These include otologic disease, speech and language problems (delayed onset, 
articulation disorders, velopharyngeal incompetence or insufficiency), dental deformities (e.g., malocclusion; missing, malformed, or supernumerary teeth), facial growth deficiencies, and psychosocial problems. Some children have orofacial 
clefting as part of genetic syndrome or chromosomal abnormality.

This chapter discusses these problems and different treatment strategies for the child with CL and/or CP. Because of the numerous and different types of problems that may be encountered, a comprehensive care plan, coordinated with other 
healthcare providers, should be developed for each patient.

CLASSIFICATION OF CL AND CP

A variety of classification systems have been proposed, but few have found wide clinical acceptance. The embryologic development of the lip and palate serves as the foundation for a number of the more widely accepted classification 
systems for CL and CP deformities. Two of these classification schemes are described here.

The incisive foramen divides the palate into the primary and secondary palate. The secondary palate develops after completion of development of the primary palate, and extends from the incisive foramen anteriorly to the uvula posteriorly. 
The primary palate, which has the incisive foramen as its posterior border, consists of the premaxilla, lip, nasal tip, and columella.[107] 

The Veau classification of CL and CP, developed in 1931, is simple but lacks detail that may be useful in describing cleft deformities. Group 1 includes clefts of the soft palate only. Group 2 includes clefts of the soft and hard palate reaching 
anteriorly as far at the incisive foramen. Group 3 includes complete unilateral alveolar clefts that generally involve the lip as well. Finally, group 4 includes bilateral alveolar clefts, which are often also associated with bilateral clefts of the lip
[72] ( Figure 176-1 ).

The second classification scheme is somewhat more detailed but similarly based on embryologic development. CL is classified as unilateral or bilateral, and its extent may be classified as complete or incomplete. A complete cleft involves 
the entire vertical thickness of the upper lip and is often associated with an alveolar cleft, because the embryologic origins of the lip and primary palate are the same ( Figure 176-2 ). An incomplete CL involves only a portion of the vertical 
height of the lip, with a variable segment of continuity across the cleft region. The variable continuous segment may be seen as a simple muscular diastasis with intact overlying skin or as a wide cleft with only a thin band of skin crossing the 
region of the cleft ( Figure 176-3 ). Simonart's band is a term applied to the bridge or bar of lip tissue of varying size that bridges the cleft gap. Although Simonart's band usually consists of skin only, histologic studies have shown it to 
occasionally be composed of some muscle fibers.[63] Unilateral clefts of the lip should include a designation of whether the right or left side is involved.

Palatal clefts are described as being unilateral or bilateral, and their extent may be classified as complete or incomplete. In addition, CPs are classified according to their location relative to the incisive foramen. Clefts of the primary palate 
occur anterior to the incisive foramen, and clefts of the secondary palate involve the segment posterior to the incisive foramen. A unilateral cleft of the secondary palate is defined by a cleft in which the palatal process of the maxilla on one 
side is fused with the nasal septum
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Figure 176-1 The Veau classification of the clefts of the lip and palate. Group 1: cleft of the soft palate only. Group 2: cleft of the soft and hard palate as far forward as the incisive foramen. Group 3: complete unilateral alveolar cleft, usually 
involving the lip. Group 4: complete bilateral alveolar cleft, usually associated with bilateral clefts of the lip. (After Veau, 1931.) (From McCarthy JG, Cutting CB, Hogan VM: Introduction to facial clefts. In Plastic surgery, Philadelphia, 
1990, W.B. Saunders, p 2443.) 

 



Figure 176-2 A patient with complete unilateral cleft of lip and palate. Arrow marks the junction of the nasal septum with the noncleft side of the palate. 

 

Figure 176-3 Arrow indicates Simonart's band connecting two sides in a patient with incomplete cleft lip. 

 

Figure 176-4 Classification of cleft palate. The division between primary palate (prolabium, premaxilla, and anterior septum) and secondary palate is the incisive foramen. A, Incomplete cleft of the secondary palate. B, Complete cleft of the 
secondary palate (extending as far as the incisive foramen). C, Incomplete cleft of the primary and secondary palates. D, Unilateral complete cleft of the primary and secondary palates. E, Bilateral complete cleft of the primary and secondary 
palates. (After Kernahan and Stark, 1958.) (From McCarthy JG, Cutting CB, Hogan VM: Introduction to facial clefts. In Plastic surgery, Philadelphia, 1990, WB Saunders, p 2443.) 

 

Figure 176-5 A patient with bilateral complete cleft palate. Arrow marks the nasal septum, which is not connected to either palatal shelf. 

 

Figure 176-6 Submucous cleft palate with bifid uvula and muscular diastasis (arrows). 



 

Figure 176-7 Lateral view of an embryo at the end of the fourth week showing the position of the pharyngeal arches. (From Sadler TW: Head and neck embryology. In Langman's medical embryology, ed 6, Baltimore, 1990, Williams & 
Wilkins, p 315.) 

 

Figure 176-8 Frontal aspect of the face. A, Five-week embryo. B, Six-week embryo. The nasal prominences are gradually separated from the maxillary prominence by deep furrows. (From Sadler TW: Head and neck embryology. In 
Langman's medical embryology, ed 6, Baltimore, 1990, Williams & Wilkins, p 315.) 

 

Figure 176-9 Seven-week embryo. The maxillary prominences have fused with the medial nasal prominences. (From Sadler TW: Head and neck embryology. In Langman's medical embryology, ed 6, Baltimore, 1990, Williams & Wilkins, p 
316.) 

 

Figure 176-10 Ten-week embryo. The maxillary prominences have formed the lateral lip, and the medial nasal prominences have formed the philtrum. (From Sadler TW: Head and neck embryology. In Langman's medical embryology, ed 6, 
Baltimore, 1990, Williams & Wilkins, p 316) 

 



Figure 176-11 A, Schematic drawing of the intermaxillary segment and maxillary processes. B, The intermaxillary segment gives rise to the philtrum of the upper lip, the median part of the maxillary bone and its four incisor teeth, and the 
triangular primary palate. (From Sadler TW: Head and neck embryology. In Langman's medical embryology, ed 6, Baltimore, 1990, Williams & Wilkins, p 317.) 

 

TABLE 176-1 -- STRUCTURES CONTRIBUTING TO THE FORMATION OF THE FACE

Prominence Structures Formed

Frontonasal * Forehead; bridge of the nose, medial and lateral nasal prominences

Maxillary Cheeks, lateral portion of the upper lip

Medial nasal Philtrum of the upper lip, crest and tip of the nose

Lateral nasal Alae of the nose

Mandibular Lower Lip

From Sadler TW: Head and neck embryology. In Langman's medical embryology, ed 6, Baltimore, 1990, Williams & Wilkins, p 315.
*The frontonasal prominence represents a single unpaired structure, whereas the other prominences are paired. 

 
 
 
DIAGNOSIS

Prenatal Diagnosis

The advent of ultrasonography in prenatal care and improvements in imaging now allow for the antepartum diagnosis of children with CL and CP.[13] [57] Routine prenatal ultrasonography is now standard practice in most communities. More 
reliable prenatal diagnosis can be made of CL than CP.[10] Diagnostic accuracy is improved if two-dimensional ultrasonography is combined with three-dimensional ultrasonography. [11] The diagnosis can be made as early as 18 weeks, 
although the accuracy improves with the age of the fetus.[100] . It is estimated that 12% of these fetuses will have other anomalies.[57] These parents will frequently want
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Figure 176-12 A, Frontal section through the head of a 6-week-old embryo. The palatine shelves are located in the vertical position on each side of the tongue. B, Ventral view of the palatine shelves after removal of the lower jaw and the 
tongue. Note the clefts between the primary triangular palate and the palatine shelves, which are still in a vertical position. (From Sadler TW: Head and neck embryology. In Langman's medical embryology, ed 6, Baltimore, 1990, Williams & 
Wilkins, p 317.) 

 

Figure 176-13 A, Frontal section through the head of a 176-week embryo. The tongue has moved downward, and the palatine shelves have reached a horizontal position. B, Ventral view of the palatine shelves after removal of the lower jaw 
and tongue. The shelves are in a horizontal position. Note the nasal septum. (From Sadler TW: Head and neck embryology, In Langman's medical embryology, ed 6, Baltimore, 1990, Williams & Wilkins, p 318.) 



 

Figure 176-14 A, Frontal section through the head of a 10-week embryo. The two palatine shelves have fused with each other and with the nasal septum. B, Ventral view of the palate. The incisive foramen forms the midline landmark 
between the primary and secondary palate. (From Sadler TW: Head and neck embryology. In Langman's medical embryology, ed 6, Baltimore, 1990, Williams & Wilkins, p 318.) 

 

TABLE 176-2 -- SPECIALTY MEMBERS OF A CLEFT CARE TEAM (ADOPTED FROM THE ACPA)

Cleft palate team

Reconstructive surgeon

Otolaryngology

Plastic surgery

Oral maxillofacial surgery

Speech and language pathologist

Orthodontist

Pediatric or prosthodontic dentistry

Developmental or general pediatrics

Genetics

Audiology

Nursing

Social work

Psychology
 
 

TABLE 176-3 -- EXAMPLE OF A PROTOCOL FOR THE CARE OF PATIENTS WITH CLEFT LIP AND PALATE

Age Range Intervention

Prenatal Refer to cleft palate team

 Medical diagnosis

 Genetic counseling

 Address psychosocial issues

Neonatal Same as above

(0–1 mo) Provide feeding instructions

 Monitor growth

 Hearing screening

1–4 mo Monitor feeding and growth



 Repair cleft lip

 Monitor ears and hearing

5–15 mo Monitor feeding, growth, and development

 Repair cleft palate

 Monitor ears and hearing; consider ear tubes

 Instructions in oral hygiene

16–24 mo Assess speech and language development

 Monitor ears and hearing; ear tubes if indicated

 Monitor development

2–5 yrs Monitor speech and language development; manage velopharyngeal insufficiency

 Monitor ears and hearing; ear tubes if indicated

 Assess development and psychosocial needs

 Consider lip/nose revision before school

6–11 yrs Monitor speech and language; manage velopharyngeal insufficiency

 Orthodontic evaluation and treatment

 Alveolar bone graft

 Monitor school and psychosocial needs

12–21 yrs Monitor school and psychosocial needs

 Orthodontics and restorative dentistry

 Genetic counseling

 Rhinoplasty (if needed)

 Orthognathic surgery (if needed)
 
regarding treatment plans. Parents may feel more comfortable revealing their concerns or frustrations related to their child to nursing staff. The participation of dedicated and skilled nurses is valuable within the cleft care team.

Infants with a CP are limited in their ability to suck. The common cavity between the nose and the mouth permits air to leak as the infant tries to suck. CL lip alone usually does not cause feeding problems. Thus, a number of strategies have 
been devised, and

4061

different feeders have been created to feed the infant with CP. Generally breast-feeding is ineffective unless accompanied by the placement of a palatal obturator.[136] Fabrication of an obturator requires a pedodontist or prosthodontist. The 
device is well tolerated by the child if placed during the first weeks of life. Care of the device requires daily cleaning, and parents are taught how to do this along with the feeding technique. Alternately, expressed (pumped) breast milk can be 
delivered by means of one of the specialized feeders. The three most commonly used CP feeders are the Mead-Johnson, the Haberman, and the Pigeon bottles ( Figure 176-15 , Figure 176-16 , and Figure 176-17 ). Palatal devices generally 
are not needed when one of these feeders is used. Each allows for parent-controlled delivery of the meal (expressed breast milk or formula). Parents and caregivers need to be taught how to properly use the feeder and observed for the first 
feed to ensure proper use of the feeder.[87] [120] Trial and error may be needed until the technique and feeder that is best for the infant is discovered. Children with CP generally swallow much more air during feedings. Frequent burping is often 
necessary and should be explained to parents. Attention should be paid to the child's growth. Following weight and length gains with standardized growth charts is useful to ensure that the infant stays on the appropriate growth curves.

Nurses can help families find the best position and technique for feeding after surgery. Oral and facial wounds affect how and where a feeding nipple can be delivered. Often the same cleft feeder can be used, although feeding may need to be 
modified because of pain and swelling. Wound care can also be taught by nursing staff. Fresh lip wounds should be kept clean (soap and water) and moist with ointments. Often, padded elbow restraints that prevent flexion of the elbow but 
permit other arm and hand motion are placed after surgery. Children are discouraged from placing fingers or other things into their mouth, which might disrupt the suture line. Restraints may also be 

 
Figure 176-15 Haberman feeder. 



 

Figure 176-16 Mead-Johnson feeder. 

 

Figure 176-17 Pigeon feeder. 

 

Figure 176-18 Muscle abnormality in an incomplete cleft lip that involves less than two-thirds of the lip. Lower muscle fibers insert into tissue at the cleft margins; upper muscle fibers in the medial and lateral segment connect over the top 
of the incomplete cleft, forming a partial oral sphincter. 

 

Figure 176-19 Abnormal direction and insertion of muscle fibers of medial and lateral segments of the cleft into the cleft margin, the area of the ala nasi (laterally), and the base of the columella (medially). Dark line indicates arterial supply. 

 

Figure 176-20 Abnormal muscle anatomy of a complete bilateral cleft. Both lateral muscle segments insert into the ala nasi with the prolabium completely devoid of muscle tissue. Arterial supply is indicated by a dark line. 



 

Figure 176-21 A patient with complete bilateral cleft lip and palate: Top arrow, protruding premaxilla; bottom arrows, collapse of alveolar arches. 

 

Figure 176-22 Classic nasal deformity associated with the unilateral cleft lip. 

 

Figure 176-23 Abnormal muscle insertion into the posterior margin of the hard palate in a cleft patient. Muscles are directed along the margins of the cleft rather than across the soft palate, as occurs normally. 

 

Figure 176-24 Seibert's technique of lip adhesion uses medially and laterally based rectangular flaps from the margin of the cleft. Note the tension-bearing suture through the membranous septum. Unilateral lip adhesion: A, landmarks and 
incisions; B, flaps elevated and undermined; C, placement of 3-0 nylon retention suture; D, final suturing. 

 

Figure 176-25 Rotation advancement technique: landmarks and incisions. 



 

Figure 176-26 Rotation advancement technique: flaps incised and elevated. 

 

Figure 176-27 Rotation-advancement technique: final suturing. 

 

Figure 176-28 Skin markings for unilateral cleft lip repair with the Skoog technique. 

 

Figure 176-29 Release of the medial cleft segment. 



 

Figure 176-30 Lateral cleft segment skin markings. 

 

Figure 176-31 Lateral cleft segment incisions completed, and the two segments are approximated. 



 

Figure 176-32 Closure of the orbicularis oris muscle precedes skin closure. 

 

Figure 176-33 A, Bilateral cleft lip repair: landmarks and incisions. Prolabium provides philtral flap. A, Forked flaps; c and d, tubercle reinforcing flap; e, lateral lip provides flaps B and C and midline vermillion flaps, a and b. B, Bilateral 
cleft lip repair: flaps incised and elevated. C, Tips of the ala nasi deepithelized and sutured medially at the base of the prolabium. Excess prolabial mucosa provided the medial lining of the labial sulcus. D, Tips of the flaps sutured medially 
beneath the prolabium. E, Bilateral cleft lip repair: orbicularis oris muscle and mucosal approximation. F, Placement of forked flaps in the nasal sill and final suturing. Flap e may be used to reinforce tubercle from behind. 



 

Figure 176-34 Primary veloplasty (Schweckendiek procedure). Incisions are made in the soft palate, muscle bundles are released from the posterior hard palate and rotated, the levator sling is reconstructed, and the mucosal layers are closed 
separately. 

 

Figure 176-35 Bipedicled palatoplasty (von Langenbeck). Incisions are indicated by dotted lines. The levator sling is created by dissecting and rotating the palate muscles posteriorly. Palate closure is achieved through medial rotation of the 
bipedicled mucoperiosteal flaps. 

 

Figure 176-36 V-Y push-back palatoplasty. A, Incisions indicated by dotted lines and flaps elevated. B, Levator muscle sling reconstructed, and palate is lengthened by V-Y push-back. 



 

Figure 176-37 Two-flap palatoplasty. A, Dotted lines indicate incisions used to create unipedicled palate flaps. B, The levator sling is reconstructed and closure is complete. In many cases, the hard palate mucoperiosteum can be 
reapproximated to the medial edge of the gingival incisions. This can minimize exposed palate bone, which is believed to inhibit maxillary growth. 

 

Figure 176-38 Two-flap palatoplasty. Landmarks are: 1, alveolar cleft; 2, neurovascular bundle at the greater palatine foramen; 3, vomer; 4, posterior edge of hard palate. Incisions are indicated by the dotted lines. 

 

Figure 176-39 Two-flap palatoplasty: flaps incised and elevated. 

 

Figure 176-40 Two-flap palatoplasty: nasal mucosa and mucoperiosteum closed and levator reconstructed. 



 

Figure 176-41 Two-flap palatoplasty: oral layer closed. 

 

Figure 176-42 Double-opposing Z-plasty (Furlow) palatoplasty for a unilateral left complete cleft palate. Initial incisions and elevation of the first two flaps are indicated by the solid arrows. The left flap consists of oral mucosa and soft 
palate muscles. The right flap consists of oral mucosa and submucosa. (This illustration is for a right-handed surgeon.) 

 

Figure 176-43 Oral mucosa flaps fully elevated. Soft palate muscles are seen on the right, and the submucosa of the nasopharynx is exposed on the left. The dotted lines indicate where the incisions are planned for the next two flaps. 

 

Figure 176-44 The nasopharyngeal mucosa flap from the left is transposed anteriorly. The flap containing soft palate muscle and nasopharyngeal mucosa from the right is transposed posteriorly. (The elevation of the right mucoperiosteum 
from the right hard palate is initiated.) 

 

Figure 176-45 A, Nasal closure for double-opposing Z-plasty (Furlow) palatoplasty in a unilateral left complete cleft palate. Nasal mucosa has been released along the cleft edge. (Mucoperiosteal flaps, elevated bilaterally and pedicled from 
the greater palatine foramen, are not shown.) B, Closure of the oral mucosa of both the hard and soft palate completed. If the incisions medial to the alveolus can be closed without substantially increasing tension, perform this closure now. 



 

Figure 176-46 Magnetic resonance image of the soft palate in a patient with velocardiofacial syndrome. Note the increased signal intensity of this T1-weighted image, suggesting increased fat composition within the soft palate compared 
with the surrounding facial and pharyngeal muscles. 
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Chapter 177 - VELOPHARYNGEAL DYSFUNCTION

Harlan Muntz 
Helene Taylor 
Marshall E. Smith 

INTRODUCTION

In the English language, sounds or phonemes are generally classified in relation to placement, articulation manner (e.g., stop, fricative, sibilant, nasal, etc.), and voicing (voiced or voiceless). Only three phonemes are normally produced with 
nasal air escape—/n/, /m/, and /ng/. All of the other sounds are produced with oral air flow.

In speech production, the velopharynx is considered an articulator, as are the jaw, tongue, lips, pharynx, and larynx. These articulators work together to produce the various sounds of speech. Normal velopharyngeal function varies according 
to the sounds of speech produced. Factors include vowel height, consonant type, proximity of nasal sounds to oral sounds, utterance length, speaking rate, and tongue height. All can affect velopharyngeal valving. For vowels, velar height is 
higher for vowels with a high pharyngeal constriction such as /i/ and /u/, than for low vowels such as /a/. The velar port is generally closed for vowels except when the vowel is in proximity to a nasal consonant. The velopharyngeal port 
therefore changes its relatively open and closed states depending on the balance of oral vs nasal consonants occurring in the speech stimuli. Normal velar function may vary widely in velocity and displacement with the tasks of the particular 
speech, particularly speaking rate.

If the velopharynx is not functioning correctly or if a defect in the palate allows the oral sound to resonate through the nose, it may be perceived as abnormal. Incompetence of the velopharyngeal mechanism leads to increased hypernasality, 
nasal turbulence, or nasal emission. If an obstruction of nasal airflow is present, the resonance is hyponasal. Speech intelligibility is primarily determined by articulation; however, abnormal speech resonance distorts the speech production, 
affects the overall speech quality, and can impact intelligibility.

The palate separates the nose and oral cavity for feeding and speech. If a cleft of the hard or soft palate exists, free flow of air into the nose during speech occurs. After repair of the palate there may be persistent dysfunction.

Functional Anatomy

The velopharyngeal port closes as the velum moves in a posterior superior direction. The lateral pharyngeal walls move medially. Occasionally, there will be anterior movement of the posterior wall. The muscles of the velopharynx 
contribute to this closure ( Table 177-1 ).

The elevation and posterior motion of the velum is attributed to the levator veli palatini (LVP). This is the main muscle mass of the velum.[58] Variation in the angle of insertion to the base of skull may change the elevation. [29] The palatoglossal 
and palatopharyngeus muscles pull the palate down, opposing the LVP. The palatopharyngeus muscle pull tends to stretch the velum laterally to increase the velar area and the shape of the contact. [29] This muscle can make subtle changes to 
velar height, especially when the velum is in the elevated position.[55] The musculus uvulae adds bulk to the dorsal side of the velum.

Lateral wall motion varies from person to person and depends on speech context. The greatest movement is usually below the levator eminence at the level of the full length of the velum and hard palate.[58] This movement is attributed to 
selective movement of the uppermost fibers of the superior constrictor. Because of the relationship between the lateral fibers of the superior constrictor and the palatopharyngeus, it has been suggested that this muscle is involved in the lateral 
wall motion as well.[31] 



Passavant's ridge is a posterior wall movement seen in some individuals during speech or swallow. It has been associated with lateral wall motion and is felt to be caused by a similar movement of the uppermost
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TABLE 177-1 -- MUSCLES OF THE VELOPHARYNX

Muscle Origination Attachment Function Innervation

Tensor veli palatini Vertical portion arises from the scaphoid fossa at the 
base of the internal pterygoid plate, from the spine of 
the sphenoid, and from the outer side of the 
cartilaginous portion of the Eustachian tube

Terminates in a tendon that winds around the 
hamular process

Tenses the soft palate; opens the auditory tube 
during swallowing

Mandibular branch of the trigeminal nerve

Levator veli palatine Arises from the undersurface of the apex of the petrous 
portion of the temporal bone and from the inner surface 
of the cartilaginous portion of the eustachian tube; 
found to occupy the intermediate 40% of the length of 
the soft palate [4] 

Fibers spread out in the soft palate where 
they blend with those of the opposite side

Acts as a sling when contracted to pull the 
velum in a posterosuperior direction[59] ; major 
elevator of the velum[34] ; positions the velum[18] 

Pharyngeal plexus derived from the 
glossopharyngeal and vagus nerves and the 
facial nerve[48] ; course of the facial nerve is 
through the greater petrosal nerve[30] 

Musculus uvulae Palatal aponeurosis in a circumscribed area posterior to 
the hard palate[2] 

Inserts into the uvula Adds bulk to the dorsal surface of the soft palate Pharyngeal plexus; pharyngeal plexus 
derived from the glossopharyngeal and vagus 
nerves and the facial nerve[48] 

Palatoglossus Has a fan-shaped attachment from the anterior surface 
of the soft palate[36] 

Courses through loose connective tissue 
within the anterior faucial pillar and has a 
tapering termination in the side of the tongue
[36] 

Elevates the tongue upward and backward to 
constrict the pillars and probably lowers the 
velum[44] ; positions the velum[18] 

Pharyngeal plexus composed of branches 
from the glossopharyngeus and vagus cranial 
nerves and from the sympathetic trunk

Palatopharyngeal Arises from the soft palate Inserts with the stylopharyngeus into the 
posterior border of the thyroid cartilage

Adducts the posterior pillars, constricts the 
pharyngeal isthmus, narrows the 
velopharyngeal orifice, raises the larynx, and 
lowers the pharynx[45] ; positions the velum[18] 

Pharyngeal plexus

Superior constrictor Arises from the lower third of the posterior margin of 
the internal pterygoid plate and its hamular process

Inserts into the median raphe Medial movement of the lateral aspects of the 
pharyngea walls [59] ; high levels of activity are 
related to laughter [34] ; may function to draw the 
velum posteriorly [34] ; pulls the posterior wall 
and posterolateral angle

Pharyngeal plexus derived from the 
glossopharyngeal and vagus nerves and the 
facial nerve[48] 

 
fibers of the superior constrictor and palatopharyngeus.[29] It may be involved in velopharyngeal closure in as many as one-third of observed individuals where Passavant's ridge is observed.[25] [64] Its movement can also be seen below the level of 
velopharyngeal closure, therefore not assisting in the closure.

Diagnosis and Management of Velopharyngeal Dysfunction

Evaluation of velopharyngeal dysfunction (VPD) involves an understanding of the causes of the condition to make an appropriate diagnosis. Assessment includes an accurate study of the degree and nature of velopharyngeal function and its 
impact on speech production. This then assists in formulation of management recommendations. These recommendations include speech therapy, surgical intervention, or prosthetic obturation. These are reviewed in the rest of the chapter.

Causes

Velopharyngeal dysfunction refers to abnormal function of the velopharyngeal sphincter mechanism, but does not identify the cause. Perceptually, this dysfunction is considered a "dysphonia" because it affects the sound quality of the voice. 
The cause of the dysphonia needs to be identified. Campbell, Dollaghan, and Yaruss[5] reported on 427 children referred to a pediatric voice and resonance clinic for voice problems. Of those children, 16% were actually found to have 
velopharyngeal (not laryngeal) dysfunction. Different terminology has been used to describe the causes of VPD, and there is inconsistent use of these in the medical literature. We use the definitions summarized by D'Antonio and Crockett.[9] 
Velopharyngeal inadequacy refers to any type of VPD. Three etiologic categories are subdivided from this. Velopharyngeal insufficiency encompasses structural defects that result in insufficient tissue to accomplish closure. An example of 
this is cleft palate. Incompetence describes impairment of motor control because of neurologic dysfunction, such as paresis or paralysis. Causes of incompetence include skull base surgery or tumors around the jugular foramen and vagus 
nerve, or central nervous system (CNS) impairment because of brain stem stroke. Learning difficulties include etiologic factors that are independent of structural defects or neuromotor pathologies.

Congenital anatomic conditions affecting velopharyngeal function are most commonly attributable to clefting of the palate. Velopharyngeal dysfunction in the absence of an overt cleft palate also occurs. These children may have other 
anatomic abnormalities or functional disorders causing velopharyngeal insufficiency. These include congenital short palate, palatopharyngeal disproportion, a less overt palate deficiency called occult submucous cleft palate, or absent 
musculus uvulae. Hypertrophic tonsils can occasionally cause insufficiency by impeding palate closure. Neurogenic causes of velopharyngeal incompetence include muscular dystrophies, myasthenia gravis, traumatic brain injury, Down 
syndrome, and velocardiofacial syndrome (22q11 deletion). An adenoidectomy can create or unmask VPD in either of these settings. In velopharyngeal insufficiency, a large adenoid can compensate for a short palate. In velopharyngeal 
incompetence, adenoidectomy can compensate for a poorly mobile palate. With removal of the
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adenoid, the mechanism of compensation is eliminated. Velopharyngeal inadequacy has been reported to occur in 1 in 1500 adenoidectomies.[16] [80] 

ASSESSMENT

In taking the history of a child referred for a voice or speech problem, it is important to hear what the parent or caregiver tells you (for they spend much more time hearing the child speak) and also to listen to the child yourself. During the 
office evaluation, little attention may be paid to the speech of the child who is shy and does not voluntarily speak. Playing games or asking the child direct questions can stimulate the child to begin spontaneous speech. This perceptual 
evaluation will give you a sense of the language level, articulation, and the nasal resonance as the child is speaking. A high index of suspicion should be held for identifying VPD, even for children referred for other concerns. Most 
otolaryngologists will encounter children with VPD in their practice.

If there is a suspicion of VPD, a few easy tests allow the physician to further elucidate the problem. Many of these tests are quickly and easily performed in the office setting with a reasonably cooperative patient.

Hyponasal resonance is most noted in the sounds /m/, /n/, and /ng/. These nasalized consonants will be altered when there is decreased nasal airflow. The /m/ will be changed to sound like /b/, the /n/ changed to sound like /d/, and the /ng/ to a 
hard /g/. Humming the /m/ sound will not change with nose plugging if the nose is already occluded. One will also not feel nasal vibrations. Normally, a mirror under the nose should fog with the nasal consonants ( Figure 177-1 ). If the 
voice quality is the same with or without occlusion of the nose, then nasal or nasopharyngeal obstruction is 

 
Figure 177-1 Mirror technique; note the fogging with nasal air escape. 

 

TABLE 177-2a -- EXAMPLES OF RISKS TO EVALUATE

Nasal Consonants

Ma ma Money

Na na Monkey

Momma made lemon jam Nancy is a nurse
 
 

TABLE 177-2b -- EXAMPLES OF TASKS TO EVALUATE

Non-Nasal Consonants

Pa pa pa Daddy did it Sustain"s"

Baby Too tight Sustain "sh"

Puppy Go get an egg Count from "sixty to seventy"

Puffy Forty four fat fish Baby bib

Daddy Sissy saw it Get it out
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Velar elevation is most pronounced during the "high" vowels of /i/ and /u/[35] and the fricative /s/.[19] Even if velopharyngeal function is improving, these sounds may remain difficult.

One may see "phoneme specific" VPD or "mislearning." In this case, one or more phonemes are abnormally produced with increased resonance while the rest of the speech is normal.[52] It is most often seen with /s/, /sh/, and /z/ phonemes. A 
nasal fricative substitution is produced. Because these are predominant sounds in the English language, the patient is often believed to be globally hypernasal. Because other non-nasal sounds demonstrate no air escape, one knows the 
velopharynx to be otherwise functional. Appropriate articulation therapy usually will correct this.

Diagnosing hypernasality may be made more difficult if there is concomitant dysphonia or hyponasality. Hoarseness will distort the sound enough that mild VPD may be overlooked. Over 40% of children with VPD also have concomitant 
dysphonia.[10] The use of the mirror test helps separate VPD from laryngeal pathologies.

Children with velopharyngeal dysfunction may also have a medical problem or airway obstruction that affects the nasal consonants. In these cases, both hyponasality and nasal air escape on non-nasal phonemes can occur. The abnormality is 
described as "mixed."

When VPD has been identified on clinical examination, further testing is indicated. There are a number of techniques used for evaluation, including nasometry, pressure-flow measurements, lateral cephalometrics, speech videofluroscopy, 



speech endoscopy, and specific resonance-related articulation assessment.

Nasometry

Nasometry is an objective standardized assessment that measures the ratio of sound intensity between the nose and the mouth. This is typically done for standard phrases and passages. Standardized values exist for specific tasks. Calculation 
of the distance from the mean and standard deviation from normative values for each phonemic set yields a measure of the severity of the resonance pattern. Nasometry can be used in the initial evaluation to document the degree of 
dysfunction. Perhaps more important, it is used in assessing progress during speech therapy or following other intervention.[7] A discrepancy may exist between nasal scores and the perceived degree of hypernasality.[32] Figure 177-2 shows the 
Kay Elemetrics® headgear used for this test.

Pressure Flow

Pressure and air flow measures are another method of measuring velopharyngeal function during speech.[8] [17] [73] The nose is covered with a small mask to accurately 

 
Figure 177-2 Nasometer apparatus in position. 

 

Figure 177-3 The muscle orientation of A, normal submucous cleft and B, occult submucous cleft. 

 

Figure 177-4 The closure patterns in the velopharynx. The pattern is based on the shape of the gap as it closes. A, Coronal. B, Sagittal. C, Circular. D, Circular with Passavant's ridge. 

 

Figure 177-5 A palatal lift is shown, A, out of the mouth and, B, in position. 



 

Figure 177-6 A palatal bulb obturator. 
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Chapter 178 - CONGENITAL MALFORMATIONS OF THE NOSE

Karla Brown 
Kimsey Rodriguez 
Orval E. Brown 

INTRODUCTION

Many congenital nasal anomalies can present as obvious deformities or can be as subtle as a small midline dorsal fullness. To better understand the congenital nasal abnormalities, a basic understanding of embryologic development is 
necessary.

NASAL EMBRYOLOGY

The nasal placodes are of ectodermal origin and appear at about the third week of gestation. During the fifth week, these placodes invaginate into pits that extend posteriorly to form the nasal cavity, which is separated from the oral cavity by 
a thin nasobuccal membrane. This eventually ruptures at about week 6 to form the posterior choanae. The epithelium around the forebrain thickens to become specialized olfactory sensory cells. The maxillary process fuses anteriorly with the 
lateral and medial nasal processes and forms the nasolacrimal groove. This groove invaginates, and the epithelium within it is resorbed to form the nasolacrimal duct. The nasal septum and premaxilla are formed from the frontonasal process. 
The palatal shelves of the maxilla grow medially to fuse with each other and the septum and form the secondary palate. The nostrils are occluded with an epithelial plug until about 24 weeks' gestation, when the plug resorbs. Failure of 
development at any point in this process results in a nasal abnormality ( Figure 178-1 ).[9] [22] [25] 

CHOANAL ATRESIA

Choanal atresia, first reported in 1830, occurs in 1 in 5000 to 8000 live births.[38] Of these patients, 50% have other associated congenital anomalies; whereas the rest have isolated anomalies. It is twice as common in females as in males. 
About 65 to 75% of these anomalies are unilateral; whereas the rest are bilateral.[11] [13] [38] Up to 75% of the bilateral cases have other associated anomalies, such as CHARGE (coloboma, heart defect, atresia choanae, retardation of growth, 
genital defects in males, and ear abnormalities).[37] Other anomalies associated with choanal atresia include polydactyly, nasal-auricular and palatal deformities, Crouzon's syndrome, craniosynostosis, microencephaly, meningocele, 
meningoencephalocele, facial asymmetry, hypoplasia of the orbit and midface, cleft palate, and hypertelorism. [2] [13] [14] [33] 

Although choanal atresia has historically been thought of as 90% bony and 10% membranous,[20] recent reviews have failed to show purely membranous atresias. About 30% are pure bony; whereas 70% are mixed bony-membranous.[6] The 
four parts of the anatomic deformity include a narrow nasal cavity, lateral bony obstruction by the lateral pterygoid plate, medial obstruction caused by thickening of the vomer, and membranous obstruction.[5] [24] Histopathologic studies reveal 
the lateral pterygoid plate and posterior vomer are expanded by endochondral bone formation and are invested by a delicate fibroepithelial membrane that obstructs the choanae. No cartilage or bony islands are identified in the membrane 
( Figure 178-2 ). [5] 

Several theories concern the embryogenesis of choanal atresia. It is generally thought to be secondary to persistence of the nasobuccal membrane. Between the third and fourth weeks of gestation, the nasal placodes, which are ectodermal 



thickenings on either side of the midline, invaginate to form nasal pits. These enlarge and burrow into the mesoderm of the developing face, and primitive nasal pouches are formed. These pouches lie immediately above the buccal cavity, 
and the floor thins to form a nasal and oral cavity separated only by the thin nasobuccal membrane. This membrane normally ruptures between the fifth and sixth weeks of gestation to produce choanae. Failure of this membrane to rupture is 
thought to cause atresia. [15] [26] 

An additional theory suggests that abnormal migration of neural crest cells is the genesis of choanal atresia. The high incidence of this disorder in patients
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Figure 178-1 A fetus at 7 weeks' gestation. 1, The nasomedial process. 2, The nasolateral process. 3, The maxillary process. 4, The mandible. Arrows show the nasolacrimal groove. (Adapted from Castillo M: Congenital abnormalities of the 
nose: CT and MR findings. Am J Roentgenol 162:1211, 1994.) 

 

Figure 178-2 Photomicrograph of choanal atresia. Note the thickened posterior septum connected to abnormal lateral pterygoid bone by a thin fibroepithelial membrane. 

 

Figure 178-3 Computed tomography of a patient with bilateral mixed bony-membranous choanal atresia. 

 

Figure 178-4 A newborn with choanal atresia. An oral airway is secured by a surgeon's mask at the occiput. 



 

Figure 178-5 Stents secured intranasally by circumseptal suture. 

 

Figure 178-6 A patient with pyriform aperture stenosis. Note the narrowed bony nasal valve. 

 

Figure 178-7 Computed tomography of a patient with pyriform aperture stenosis. The anterior nasal valve is narrowed by abnormal bone. 



 

Figure 178-8 A, A patient with unilateral intranasal encephalocele. B, Computed tomography of the same patient reveals a defect in the cribriform plate with unilateral encephalocele. 

 

Figure 178-9 A, A patient with a dermoid sinus at the glabella. A small hair (not shown) protrudes through the pit. B, Magnetic resonance imaging of the same patient reveals a small intracranial dermoid. 



 

Figure 178-10 A patient with a large nasal and facial hemangioma. 

 

Figure 178-11 Patient with congenital arhinia. 
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Chapter 179 - PEDIATRIC CHRONIC SINUSITIS

Rodney P. Lusk 

INTRODUCTION

The diagnosis of acute and chronic sinusitis is a common, primarily clinical diagnosis. It is associated with significant morbidity. In a quality of life assessment, Cunningham[9] and others found that sinusitis had a more significant impact on 
children and their families than asthma, juvenile rheumatoid arthritis, and other chronic disorders.

Pediatric sinusitis is estimated to complicate approximately 5% to 10% of upper respiratory infections in early childhood.[19] [57] Since children average six to eight upper respiratory illnesses per year, sinusitis is a very common problem.

Age is clearly one of the most significant factors in pediatric sinusitis.[36] Because of their immature immune system, children are more likely to develop upper respiratory tract viral infections and associated acute sinusitis. There is a strong 
association between sinusitis and respiratory viral infections.[10] Viral infections are thought to cause significant ciliary dysfunction by decreasing the ciliary beat frequency[26] or destroying the ciliary blanket. [20] This results in edema that 
obstructs the ostium and increases the chance of establishing a bacterial infection of the sinuses.[21] [22] This edema will interrupt the drainage of the anterior ethmoid sinuses and maxillary sinuses and predispose the patient for acute and chronic 
sinusitis. As the ciliary function improves, the sinuses clear and the infection resolves. This likely accounts for the high incidence of spontaneous resolution of acute sinusitis.

The role of allergy in chronic sinusitis remains controversial. Rachelefsky[44] and Katz and Siegel[45] [46] were the first to point out an association between allergic symptoms and sinusitis in children. The allergic reaction will also be associated 
with edema and the same pathophysiology may be present. This correlation, however, has not yet been definitively confirmed. Huang[24] studied this issue for 5 years in children with perennial allergic rhinitis (PAR) and seasonal allergic 
rhinitis (SAR). They found that the prevalence of sinusitis was significantly higher among patients with PAR than among those with SAR, regardless of age or season. The patients with mold allergy PAR had a higher risk than those with 
non-mold allergies. Huang concluded that mold allergy is an important risk factor for sinusitis. Ponikau and others[42] found that allergic fungal sinusitis may be an important factor in polypoid disease in adults. It is not known what the effect 
is in children.

A strong correlation does appear to exist between the allergic response and fungal infections in some patients. The presentation of pediatric patients with allergic fungal sinusitis is different from that in adults. Children have more malleable 
bones and therefore a greater incidence of obvious abnormalities of their facial skeletons. Obstruction and the disease appear to be more unilateral.[34] 

The highest incidence of sinusitis and seasonal allergic symptoms, do not however show a high degree of correlation. Numerous studies show that approximately 50% of children with sinusitis also have allergies; however, the cause and 
effect has not been definitively demonstrated.[16] [28] [51] A long-standing association has existed among asthma, allergies, and chronic sinusitis. In a recent study, Riccio and others[49] found that allergic asthmatic children with chronic 
rhinosinusitis have a typical Th-2 cytokine pattern. Non-allergic asthmatic children share a similar pattern. Riccio and others indicated that these findings suggest the existence of a common pathophysiological mechanism shared by upper 
and lower airways, which are consistent with the concept of unified airways disease. This concept of unified airway disease has been increasingly recognized.[56] 



Gastroesophageal reflux disease (GERD) may be associated with chronic sinusitis.[2] The incidence of GERD in children is not known but Barbero and Parsons are convinced that GERD is present in a majority of children with chronic 
sinusitis.[3] Chambers and others[7] found that GERD was the only reliable
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historical symptom that predicted a bad outcome in adults. There is, however, conflicting information in the literature. Phipps and others[41] found a higher incidence of GERD, 63%, in children with sinusitis. With medical management of 
GERD, 79% of these children improved their symptoms. Suskind and others [54] studied patients undergoing antireflux surgery and who had failed medical management. In this very young group of patients (younger than 2 years), only two 
patients (14%) had severe chronic sinusitis and otitis media. Yellon, Coticchia, and Dixit[60] also found an incidence of sinusitis in only 10% of patients with esophagitis proven by biopsy. These two studies lead one to conclude that sinusitis is 
not associated with GERD. Without out a doubt, some children with sinusitis have GERD. Reflux may be intermittent and not identified with a 24-hour pH probe study. If present it should be treated with proton pump inhibitors, which could 
possibly prevent surgery.

Without a doubt, the bacteria causing sinusitis is becoming more resistant to antibiotics, especially Streptococcus pneumoniae, which has made medical management of chronic sinusitis more difficult.[35] The aerobic pathogens in pediatric 
chronic sinusitis include bacteria typical of acute sinusitis and organisms more characteristic of chronic disease, such as Staphylococcus aureus. These resistant strains have a significant effect on our medical management.

IMAGING

It is now clear that plain films do not adequately image the pediatric sinuses.[27] [33] In the setting of acute sinusitis, we would expect plain films and CT scans to be positive. Glasier, Ascher, and Williams'[17] work and that of Gwaltney and others
[22] showed a high incidence of opacification of the anterior ethmoid and maxillary sinuses with acute rhinovirus infections. For assessing the status of sinuses, the coronal CT remains the image method of choice. In general, sinusitis is a 
clinical diagnosis and radiographic imaging is not necessary in children to confirm the diagnosis. CT scans should be obtained when both the parents and the surgeon feel surgical intervention is warranted. The CT scan is used primarily to 
look for anatomical abnormalities that would increase the risk of surgical complications and to help document the presence of disease. The CT scan should been obtained after a trial of maximum medical management that would include 
broad-spectrum antibiotics and topical nasal steroid sprays for at least 4 weeks. The CT scan should be obtained at the end of this course of management. It is difficult to assess the meaning of a positive CT scan that has been obtained 
without prior medical management. It is also important to avoid being forced by an anxious or frustrated parent into operating on a child who's CT scan shows minimal disease. The best way to prevent this is to warn the parents, before 
obtaining the CT scan, that a small amount of disease does not necessarily require surgical intervention.

TREATMENT

In general, cultures of the nasal cavity have not been readily used in the pediatric population. The literature is mixed regarding the efficacy of directed cultures. Jiang, Lin, and Hsu[25] have recently shown that the bacteriology of the middle 
meatus was different from that found in the ethmoid bulla. They therefore concluded that the bacteriological findings in the middle meatus may not reflect the real bacteriology in chronic sinusitis. Other studies have shown that 
bacteriological findings in the middle meatus have a high correlation with antral punctures.[18] [38] In the cooperative patient, endoscopically directed cultures of the middle meatus may be very useful, particularly in communities with increased 
resistance. If the patient is uncooperative, then broad-spectrum antibiotics would be appropriate.

Medical Management

Since antibacterial therapy is most often empirically chosen to treat the disorder, knowledge of the typical etiologic agents, as well as awareness of the antibacterial susceptibility profiles in a given community are of paramount importance.

Much is unknown about antibiotic therapy and chronic sinusitis. There is now the recognition of the importance of nontypeable Haemophilus influenzae unresponsive to first-generation cephalosporins, tetracycline-resistant Gram-positive 
cocci, and the increasing emergence of beta-lactamase-positive respiratory pathogens such as H. influenzae and Moraxella catarrhalis. These realities now mandate the more conservative use of antibiotics in upper respiratory tract infections 
and the use of newer therapeutic agents for acute and chronic sinusitis.

One subject on which most authors have agreed in recent publications on pediatric sinusitis is that the public cannot continue to expect or receive antibiotics on demand solely because of purulent nasal discharge and that clinicians cannot 
continue to prescribe broad-spectrum and expensive antibiotics for minimal indications. Antibiotics are often used to treat viral upper respiratory tract infections, even though they are usually ineffective. The frequent inappropriate antibiotic 
use contributes to the emergence of drug-resistant bacterial pathogens. It is frequently difficult to assess whether the infection is viral or has been complicated by a bacterial infection and would subsequently improve with antibiotic therapy. 
Reviews in the literature emphasize the need for primary medical, not surgical, management. In the most resistant cases,
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however, surgery can perform a significant therapeutic role, as outlined later in this chapter.

Chronic sinusitis is associated with more resistant bacteria and therefore will need to be treated with broader spectrum antibiotics. For the most resistant strains of pneumococcus, File and others[15] found the newer form of amoxicillin/
clavulanate (2000/125 mg) and the fluoroquinolones [40] were highly active against these cultured isolates from community-acquired respiratory tract infection patients. These drugs, however, should be saved for the most resistant infections.

There are proponents of the use of long-term, low-dose therapy with erythromycin in patients who do not respond to aggressive medical management. [6] Don and others have recommend intravenous antibiotic therapy as an alternative to 
endoscopic sinus surgery.[13] They believed this was warranted because of the risk of interference with facial skeletal growth and complications of endoscopic sinus surgery. Conclusive evidence now shows that endoscopic sinus surgery does 
not interfere with facial growth,[4] and the risks of endoscopic sinus surgery are small. In their study, Don and others [13] found that 89% of the patients had complete resolution of symptoms after intravenous therapy with selective 
adenoidectomy and 11% failed intravenous therapy and required endoscopic surgery. Their criteria for preforming selective adenoidectomy are not clear and they report significant complications with intravenous therapy as well. Intravenous 
therapy is, however, a potential modality of therapy in resistant cases.

Some investigators have recommended topical aerosolized antibiotics, but others have found it to be ineffective.[12] At this time, a firm recommendation about the use of topical aerosolized antibiotics cannot be made.



Prospective studies are lacking in the use of antihistamines and decongestants. In theory, decongestants would decrease the amount of edema and open the ostia. Topical steroids have been shown to decrease edema with 2 weeks and may be 
of modest benefit. Topical steroids have been shown to be safe and not interrupt growth.[1] [53] 

Some investigators[48] have used intravenous immune serum globulin (IVIG) to treat patients who do not have immune deficiencies but have chronic sinusitis. They concluded that IVIG was successful in improving the medical management of 
chronic sinusitis. They also thought the mechanisms by which IVIG may be helpful are probably not based on the concept of immune replacement therapy, but more likely as an immune or inflammatory modulating agent.

Surgical Management

There is little doubt that chronic sinusitis-like symptoms occur in children with large obstructive adenoid pads ( Figure 179-1 ) If the obstructive adenoid pad is not removed, the nasal cavity cannot become healthy. Several studies indicate 
that adenoidectomy improves the signs and symptoms of sinusitis.[50] [55] Good prospective studies assessing the efficacy of adenoidectomy in well-documented cases of sinusitis have yet to be performed. Overall, an adenoidectomy can be 
expected to improve the symptoms of chronic sinusitis in approximately 50% of patients.

Some believe that endoscopic surgery is rarely indicated.[37] [43] Endoscopic sinus surgery has become, however, the primary method of surgical therapy for chronic sinusitis. The indications for endoscopic sinus surgery remain controversial. 
The Consensus Panel[8] preferred to divide their indications into absolute and possible indications: 

Absolute indications include: (1) complete nasal airway obstruction in cystic fibrosis due to massive polyposis or closure of the nose by medialization of the lateral nasal wall; (2) antrochoanal polyp; (3) intracranial complications; 
(4) mucoceles and mucopyoceles; (5) orbital abscess; (6) traumatic injury to the optic canal; (7) dacryocystorhinitis due to sinusitis and resistant to medical treatment; (8) fungal sinusitis; (9) some meningoencephaloceles; (10) some 
neoplasms. 
 
Relative or possible indications, which include the vast majority of patients, are: (1) chronic rhinosinusitis that persists despite optimal medical management and after the exclusion of any systemic disease; (2) optimal management 
includes 2 to 6 weeks of adequate antibiotics and treatment of any concomitant diseases.

The Consensus Panel[8] felt that only a small fraction of all children suffering from chronic sinusitis will require surgery but this accounts for the majority of patients. 

 
Figure 179-1 Enlarged adenoid pad causing nasal obstruction and symptoms compatible with obstructive sleep apnea (OSA). 

 

Figure 179-2 Mucosa intact over the lamina papyracea and basal lamella. 

 

Figure 179-3 A, Endoscopic view of patient with polyps secondary to fungal sinusitis. B, CT scan of patient with fungal sinusitis. 
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Chapter 180 - SALIVARY GLAND DISEASE

David L. Walner 
Charles M. Myer III 

INTRODUCTION

Salivary gland disease in the pediatric population is uncommon. Several pathologic processes cause salivary gland disease. Thoughtful history and thorough physical examination are necessary for accurate diagnosis and to formulate an 
appropriate management plan. The physician should consider that similar disease entities differ in incidence between adults and children. In children, inflammatory disease is more common than neoplastic disease. Inflammatory diseases 
include acute conditions, which are generally infectious (bacterial or viral), and chronic conditions caused by an obstruction, a granulomatous process, or necrotizing sialometaplasia. However, neoplastic disease should be considered. When 
a solid salivary gland tumor is identified, the chance of malignancy is greater in a child than in an adult. It is also important to be aware of congenital conditions.

A study of parotid masses in children found that nearly 60% were caused by inflammatory processes rather than neoplasms. The most common inflammatory processes were cat-scratch disease, atypical mycobacterial infections, and reactive 
hyperplasia of peri- or intraparotid lymph nodes.[19] However, a complete differential diagnosis should be considered in any child with salivary gland disease. The differential diagnosis should include inflammatory disease, neoplastic disease, 
congenital problems, traumatic injuries, autoimmune disease, and numerous less common processes ( Box 180-1 ).

ANATOMY AND PHYSIOLOGY

The salivary system is made up of the major paired parotid, submandibular, and sublingual glands and the minor salivary glands. The major and minor salivary glands are derivatives of ectoderm. During their development, they pierce the 



surrounding mesenchyme and arborize before terminating as multiple acini.

It is important to recognize salient differences in the anatomy and physiology of the salivary system in children and in adults. The overall proportion weight of the salivary glands to total body weight is nearly the same in newborns and 
adults. However, in infants, the parotid gland is lighter, and the submandibular and sublingual glands proportionally heavier. Each gland increases in weight by three times in the first 6 months of life and by five times in the first 2 years of 
life. Children's histologic characteristics are the same as in adults by 2 years of age.[21] 

The infant parotid gland is rounder than that in the adult. It lies wedged between the masseter muscle and the ear. The gland gradually grows during childhood over the surface of the parotid duct. With regard to the submandibular gland in 
the infant, it is usually continuous with the sublingual gland.

The facial nerve in newborns and children younger than 2 years of age exits the skull base just deep to the subcutaneous tissue underlying the skin. After 2 years of age, the tympanic ring and mastoid tip start to form, allowing the facial 
nerve to take a deeper position in relation to the skin. After exiting the stylomastoid foramen, the nerve takes a more abrupt lateral course than in the adult. The marginal mandibular branch of the facial nerve frequently courses over the 
mandible in a superficial position and can be injured easily if not definitively identified.[52] Parotid surgery is one of the most common causes of facial paralysis in children.[2] Experience with pediatric salivary gland surgery is helpful before 
undertaking pediatric facial nerve dissection.

Flow in the glands is controlled by the autonomic nervous system. Although almost no saliva is secreted during the night, resting salivary flow increases during the day and peaks in the late afternoon. An average of 50 ml of saliva is secreted 
during the day. At meal-time, the flow may be as high as 4 ml/min. About 90% of salivary flow is produced by the parotid and submandibular glands. At rest, the submandibular glands produce the bulk of the secretions. The saliva produced 
is important for protection of the underlying mucosa
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from trauma and drying and for maintenance of normal deglutition and dental hygiene.

 
 

Box 180-1. DIFFERENTIAL DIAGNOSIS OF PEDIATRIC SALIVARY GLAND DISEASES

Inflammatory 
 
Acute 
 
Bacterial 
 
Suppurative 
 
Lymphadenitis 
 
Viral 
 
Mumps 
 
Human immunodeficiency virus (HIV) 
 
Other 
 
Chronic 
 
Obstructive 
 
Sialectasis 
 
Sialolithiasis 
 
Mucocele or cyst 
 
Granulomatous 
 
Mycobacterial 
 
Actinomycosis 
 
Cat-scratch disease 



 
Sarcoid 
 
Toxoplasmosis 
 
Necrotizing sialometaplasia 
 
Neoplastic 
 
Benign 
 
Vasoformative tumor 
 
Hemangioma 
 
Lymphangioma 
 
Vascular malformation 
 
Pleomorphic adenoma 
 
Other 
 
Malignant 
 
Mucoepidermoid carcinoma 
 
Acinic cell carcinoma 
 
Other 
 
Congenital 
 
Dermoid cyst 
 
Branchial cleft cyst 
 
Branchial pouch cyst 
 
Congenital ductal cyst 
 
Agenesis of the salivary gland 
 
Traumatic 
 
Penetrating cheek trauma 
 
Blunt trauma 
 
Radiation injury 
 
Autoimmune 
 
Benign lymphoepithelial disease 
 
Sjogren's syndrome 
 
Other 
 
Allergy 
 
Chronic sialorrhea 



 
Cystic fibrosis 
 
Drug induced 
 
Heterotopic salivary gland tissue (HSGT) 
 
Prader-Willi syndrome 
 
Pneumoparotitis 
 
Systemic conditions 
 

 
 
HISTORY AND PHYSICAL EXAMINATION

The history is important in the evaluation of children with salivary gland disease. The family and primary care physician can help obtain this information, which should include the onset, duration, and severity of symptoms. Swelling may be 
unilateral or bilateral and may be accompanied by pain. It is important to determine whether the complaint is a diffuse swelling or a discrete mass and whether it is progressive or associated with intermittent postprandial gland enlargement. 
The character, quality, and quantity of the salivary secretions are also important. The presence of fevers, chills, or a recent upper respiratory infection should be ascertained. Questioning should elicit any history of trauma, including injury 
from blunt or sharp objects, animal scratches, or recent dental procedures. The presence of congenital anomalies or cysts should be identified. Awareness of underlying systemic disease, which may include immune deficiency, allergy, or 
autoimmune disease, can be helpful.

The physical examination should include bimanual palpation of all major salivary glands. This consists of simultaneous palpation of the salivary gland structures intraorally and extraorally. Bimanual examination will help distinguish 
salivary gland enlargement from cervical lymphadenopathy. It is important to identify whether the mass is cystic or solid, tender or nontender, mobile or fixed. Facial movement (cranial nerve [CN] VII) should be assessed for subtle 
asymmetry or weakness. Symmetry and mobility of the tongue (CN XII) and sensation of the tongue (CN V) should be checked. Careful inspection of the salivary gland orifices should be performed routinely and attention focused to the 
quantity (minimal, adequate, or excessive) and consistency (serous or suppurative) of the salivary content while palpating or "milking" the gland. Repeat examination may be helpful and necessary to follow the natural history of the disease.

Laboratory Studies

Laboratory studies are helpful in some instances. If an infectious etiology is present, following the leukocyte count can help determine whether appropriate and
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adequate therapy is being used. Another helpful marker for a bacterial process is C-Reactive Protein. Patients with risk factors or suspicion for human immunodeficiency virus (HIV) need to be tested appropriately. A purified protein 
derivative skin test and chest radiograph would be appropriate if tuberculosis or atypical tuberculosis is being considered in the differential diagnosis. Aerobic and anaerobic cultures of purulent material draining from duct orifices help direct 
appropriate antibiotic coverage.

Fine-needle aspiration (FNA) has become a commonly used diagnostic tool to evaluate masses within the head and neck. It is an easy and relatively safe technique for the diagnosis of many palpable or deep lying masses. In adults, up to 93% 
of benign and malignant lesions of the salivary glands can be differentiated. Cytologic reports agreed with the final histopathologic diagnosis in 74% of cases. [38] Although Batsakis, Sneige, and El-Nagger[11] stated that FNA of major salivary 
gland tumors is not clinically useful. Other authors use FNA routinely and find it helpful. Cytologic evaluation of sialadenitis shows many polymorphonuclear leukocytes in a background of necrotic cellular debris. In cases due to infection, a 
culture may be obtained at the time of FNA. FNA is helpful to rule out benign disease and allows preoperative planning in cases that require surgery. Pleomorphic adenoma and Warthin's tumor are relatively easy to diagnose by FNA; 
whereas cystic lesions and poorly differentiated carcinomas are more difficult to diagnose. The usefulness of FNA often depends on the institution. At an institution with a well-trained cytopathologist, FNA can be a useful diagnostic tool. 
However, at an institution at which FNA is infrequently performed or the pathologist is not well versed in cytology, the test is not helpful except for differentiating abscesses, cysts, and noninfectious lesions that are not cystic. In small 
children, the use of sedation or general anesthesia would likely be necessary to perform a FNA.

RADIOLOGY

Radiology helps confirm a diagnosis suspected from the history and physical examination. Radiology is unnecessary in most salivary gland diseases. The benefit of the study should be considered, including what additional information it will 
provide to the diagnosis and management plan vs the cost and potential radiation exposure.

The imaging techniques most commonly used to evaluate the salivary glands include plain-film radiography, sialography, radionucleotide scanning, ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI).

Plain-film radiography is performed easily and can detect the presence of radiopaque ductal stones. Twenty percent of submandibular calculi and 80% of parotid calculi are radiolucent and thus not visualized.

Sialography involves the injection of contrast medium into the salivary duct, thus outlining the salivary ductal system. Sialography can be used to evaluate calculi, obstructive disease, inflammatory lesions, penetrating trauma, and mass 
lesions. If calculi are present, a filling defect and possible dilation of the main duct or intraglandular ducts will be seen. Chronic sialadenitis may show sialectasis or ductal ectasia. A salivary fistula or sialocele may be seen following trauma. 
Malignant lesions often show ductal destruction, irregular borders, ductal encasement, and cystic cavities.[48] Examination should not be performed in the face of acute sialadenitis.

Radioisotope scanning uses technetium to study parenchymal function and mass lesions. This study is best used for detecting Warthin's tumor, which is rare in children.



Ultrasonography can be used alone to detect intrinsic vs extrinsic masses, calculi, and inflammatory lesions. This study also can be used to direct a fine-needle biopsy. Lesions can be measured and easily followed with repeat examinations. 
Advantages include low cost, avoidance of radiation, and avoidance of anesthesia.

CT is an excellent tool to study intrinsic and extrinsic masses of the parotid gland. A CT sialographic study can differentiate benign from malignant masses, show the relationship of the mass to the facial nerve, and differentiate superficial 
from deep lobe parotid tumors.[51] 

MRI is superior to CT for delineating soft tissues. In addition, contrast-enhanced MRI allows visualization of the course of the facial nerve. Sedation or general anesthesia usually is required to image infants and young children.

BIOPSY

Open biopsy is necessary in certain instances (e.g., a solid, firm mass that persists for greater than 6 weeks). An incisional biopsy is inappropriate unless a known malignancy is present and the cell type needs to be determined to direct 
management. An excisional biopsy is appropriate and should be performed when FNA is nondiagnostic or has a high index of suspicion for a malignancy or when cytopathology is not available. An excisional biopsy of a parotid gland lesion 
usually requires a superficial parotidectomy with identification and preservation of the facial nerve. Occasionally, an isolated parotid tail lesion can be completely excised without the need for a superficial parotidectomy or facial nerve 
dissection. An excisional biopsy of a submandibular gland lesion will
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usually require excision of the entire submandibular gland on that particular side of the neck.

Appropriate steps in evaluating salivary gland masses are shown in Figure 180-1 , Figure 180-2 , Figure 180-3 , and Figure 180-4 .

INFLAMMATORY

Acute

Acute inflammatory disease of the parotid gland is generally infectious. It most commonly presents as suppurative bacterial sialadenitis and less frequently as viral sialadenitis.

 
Figure 180-1 Parotid enlargement. 

 

Figure 180-2 Acute acquired parotid enlargement. EBV, Epstein-Barr virus; HIV, Human immunodeficiency virus. 



 

Figure 180-3 Chronic acquired parotid enlargement. 

 

Figure 180-4 Inflammatory salivary gland disease. 

 

TABLE 180-1 -- ACUTE SUPPURATIVE SIALADENITIS

Most common organisms Staphylococcus aureus (coagulase-positive)

 Streptococcus viridans

Less common organisms Streptococcus pneumoniae

 Escherichia coli

 Bacteroides melaninogenicus



 Streptococcus micros
 
the management of choice. The procedure is relatively simple to perform and is associated with minimal morbidity.

Historically, recurrent parotitis has been managed by radiotherapy, repeated dilation of the parotid duct, injection of iodized oil into the gland, drugs to decrease the viscosity of the saliva (potassium iodide, pilocarpine), massage, removal of 
septic foci (teeth, tonsils), oral hygiene, autogenous vaccines, long-term antibiotics, duct ligation, tympanic neurectomy and chorda tympani nerve section, and parotidectomy. Although the most effective and reliable mode of therapy is 
parotidectomy, many surgeons delay definitive surgery for fear of injuring the facial nerve during surgical dissection. A total parotidectomy with preservation of the facial nerve is the management of choice for recurrent parotitis because 
superficial parotidectomy alone appears to increase the risk of recurrent disease.[1] 

Neonatal sialadenitis.

Sialadenitis involving the neonate is a distinct entity. Neonatal sialadenitis is more common in the parotid gland than in the submandibular gland. Because secretions from the submandibular gland have a higher mucous content than parotid 
secretions, the submandibular gland is rendered relatively immune from infection by the bacteriostatic effects of the mucous. This benefit is diminished, however, when calculi obstruct the duct and retained secretions predispose the gland to 
infection. Other possible causes of neonatal sialadenitis are anatomic deformities of the oral cavity, dehydration, and prematurity. Approximately 40% of neonates with parotitis are premature for no well-defined reason.

The most common causative organism in neonatal sialadenitis is S. aureus. Other organisms that have been identified are various streptococci, E. coli, Pseudomonas aeruginosa, and Branhamella catarrhalis. The salivary secretions should 
be cultured and a Gram's stain obtained. The disease is usually limited to a single gland, and signs and symptoms of systemic disease may not be seen. Diagnosis is confirmed by physical examination when a warm, tender, erythematous 
mass is palpated and pus is expressed from the accompanying salivary duct. Appropriate antimicrobial therapy and adequate hydration result in resolution of the disease in less than 1 week. Recurrence is uncommon.[6] 

Lymphadenitis.

Lymphadenitis of nodes surrounding the parotid or submandibular gland, or both, can mimic sialadenitis. This may be difficult to determine on physical examination. Radiography is helpful in cases not responding to conservative medical 
management (hydration, antibiotics). Infections
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involving the scalp, face, or nasopharynx need to be considered.

Viral

For many years, the mumps virus has been considered the most common cause of viral sialadenitis. Because of the extensive use of the mumps vaccine and the many states that have enacted mumps immunization laws, the number of 
reported mumps cases continues to decline. According to the National Notifiable Disease Surveillance System, the 338 cases of mumps that were reported in 2000 in the United States represent the fewest number of cases ever reported. This 
was a substantial decrease from the 5,292 cases reported in 1990 and from the 152,209 cases reported in 1968.[65] Epstein-Barr virus (EBV) HIV, coxsackie virus, and influenza and parainfluenza viruses should also be considered.[16] 

Mumps.

Painful swelling of the salivary glands is characteristic of the mumps virus. The gonads, meninges, and pancreas may also be inflamed. The disease is seen most commonly during the winter and spring months, with 85% of patients being in 
the pediatric age group. The incubation period is 14 to 21 days, but the contagious period lasts from 2 to 3 days before the development of swelling until the swelling remits. During the incubation period, the patient often develops a 
prodrome of symptoms, including malaise, loss of appetite, chills, fever, and sore throat. The major salivary glands become tender and swollen, and the patient reports trismus and difficulty chewing. Although the duct orifice may be swollen, 
the saliva is clear. The temperature is elevated to 100° to 103°F, and the leukocyte count is normal or slightly elevated with a lymphocytosis. Although the diagnosis is clinical, amylase levels, complement fixation, and hemagglutination tests 
can be used for confirmation. Histologic examination reveals extensive cytoplasmic vacuolization of acinar cells. Management is symptomatic, and the swelling usually resolves over several weeks. Complications include sialectasis, 
exacerbation of diabetes, orchitis, meningoencephalitis, and sensorineural hearing loss (especially unilateral).

Viral sialadenitis is seen infrequently during the perinatal period but may occur when there is maternal transmission of virus. This is influenced by the onset of maternal disease, the mode of transmission to the infant (transplacental or at 
delivery), the type of virus, and the host's defenses against that virus. A mumps infection in the newborn can range from very mild to severe, and careful observation is necessary. The infant should be isolated from other newborns.

Epstein-Barr virus (EBV).

EBV is a major cause of heterophil-positive infectious mononucleosis. Associated syndromes range from asymptomatic infection to fulminant lymphoproliferative disease. EBV is transmitted through saliva. From 10% to 20% of healthy 
seropositive persons shed EBV into their oropharynx.

The incubation period is from 30 to 50 days. The triad of fever, sore throat, and posterior cervical adenopathy occurs in more than 80% of patients. This adenopathy can affect periparotid or peri submandibular nodes. A progressive 
lymphoproliferative disorder associated with EBV has also been reported.

There is no specific therapy for EBV infection. Corticosteroids are used for life-threatening complications.

Human immunodeficiency virus.

Parotid enlargement associated with HIV has been identified in adults and children. The enlargement can be lymphoproliferative, cystic, or both, involving the major salivary glands. Salivary gland disease can be the initial manifestation of 
HIV, with the parotid glands being the most frequently affected. In children, bilateral cystic enlargement of the parotid glands is often seen in combination with lymphocytic interstitial pneumonitis.[23] In one study, parotid swelling of various 
degrees was found in greater than 10% of HIV-positive children.[59] 

HIV can be detected in salivary secretions, but it is unknown whether salivary involvement is the result of direct infection or is a focal manifestation of the progressive generalized lymphadenopathy characteristic of the disease. Management 



of an HIV cystic lesion is generally conservative. Needle aspiration is indicated if the lesion grows to an uncomfortable or deforming size. Open biopsy is indicated only for lesions suspected of malignancy (lymphoma) that cannot be ruled 
out by FNA.

Chronic

Obstructive

Chronic sialectasis.

Chronic inflammatory disease, or sialectasis, is caused by repeated episodes of acute sialadenitis and subsequent obstruction of the glandular drainage pathway. Obstructive sialadenitis is associated most frequently with strictures of the 
salivary ducts or sialolithiasis. The strictures may have several causes, including recurrent infection, trauma, neoplasms, or congenital abnormalities. Regardless of the cause, progressive dilation and sacculation of the salivary ductal system 
can lead to chronic uniglandular enlargement and chronic sialectasis, the end stage of chronic sialadenitis. A child usually presents with diffuse enlargement of one salivary gland. Recurrent acute parotid or submandibular painful swelling 
often
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occurs during eating, followed by emptying of the glands over a 2-hour postprandial period. A stricture can be clearly identified by sialography showing ductal dilation proximal to the stricture and delayed emptying of the ducts. Simple 
dilation may correct the stricture. When the stricture is near the submandibular gland, incision of the duct orifice without stenting usually corrects the problem. Repair of the parotid duct requires more elaborate surgery with a higher risk of 
failure.[46] Excision of the parotid gland with facial nerve preservation is required occasionally.

Sialolithiasis.

Salivary gland ductal calculi involve the submandibular glands in 90% and the parotid glands in 10%. The calculi usually are located in the orifice of the submandibular duct but may be found anywhere in the ductal system or within the 
gland parenchyma. The submandibular glands are more prone to calculi formation because the secretions are more alkaline and more viscous than parotid secretions. In addition, saliva from the submandibular gland flows against gravity as it 
courses through a long and narrow duct.[14] 

Salivary gland calculi are thought to form as a result of deposition of calcium salts around a central nidus (e.g., desquamated epithelial cells, bacteria, foreign body). The calculi are composed of an inorganic crystalline body and organic 
matrix in a lamellar structure. The major component of the crystalline body is calcium phosphate, which is mixed with smaller amounts of magnesium, carbonate, and ammonia. The organic matrix contains various carbohydrates and amino 
acids. Calculi formation does not appear to be related to serum calcium and phosphate levels, but patients with elevated levels of uric acid seem predisposed to calculus formation. Cystic fibrosis patients do not have an increased incidence of 
salivary gland calculi despite the abnormal consistency of their salivary gland secretions.[17] 

Sialolithiasis is more common in adults than in children. In children, the average age at presentation is 10 years. Patients usually have had symptoms for a prolonged time, sometimes years. Males are affected more commonly than females.

The signs and symptoms of sialolithiasis are variable. Glandular pain and swelling may occur just before meals. The normal stimuli that cause saliva to be produced are present, but salivary flow is blocked by a physical obstruction. With 
time, an inflammatory process likely will evolve and be characterized by high temperature, a tender gland, and purulent discharge. In addition, the floor of mouth may be tender and trismus may be present. In children younger than 10 years 
of age, symptomatology is mainly intraoral. Older patients will experience extraoral symptoms as well. The calculus has often been present for a prolonged time and has caused multiple episodes of sialadenitis with secondary glandular 
enlargement and induration. A neoplastic process should be considered and excluded whenever prolonged induration is present.

Diagnosis of a salivary gland calculus is not difficult when the calculus can be palpated with a bimanual examination. Radiography can be helpful when assessing the submandibular gland because 80% of submandibular calculi are 
radiopaque; however, radiography is of limited value when assessing the parotid gland because 80% of parotid calculi are radiolucent. Dental occlusal films and distal oblique occlusal films allow visualization of calculi along the entire 
length of the submandibular duct and in the glandular parenchyma. Contrast material may outline a calculus and show ductal dilation and delayed emptying.

Management of a calculus near the orifice of the submandibular duct can be performed by probing or by a small intraoral incision. If the calculus is in the submandibular gland parenchyma, gland removal is required. The duct should be 
ligated as close to the mouth as possible to prevent recurrent infection in the duct remnant. Parotid calculi near the orifice of the duct can be removed intraorally, but the duct should be repaired and stented. If the calculus is within the 
parenchyma of the parotid gland and causes persistent problems, a parotidectomy with facial nerve preservation is required.

Cysts and mucoceles.

Acquired cysts may be associated with neoplasms, benign lymphoepithelial lesions, trauma, parotitis, calculi, duct obstruction, or mucus extravasation.[73] Mucous retention cysts usually involve the minor salivary glands and are commonly 
seen on the lips, buccal mucosa, and tongue. These true cysts with an epithelial lining result from duct obstruction. A ranula is a mucous retention cyst of the sublingual gland and is described as plunging when it extends from the floor of the 
mouth through the mylohyoid musculature into the neck. Mucoceles, in contrast, are not true cysts and do not contain an epithelial lining. Mucoceles represent mucous extravasation into the surrounding soft tissue. If necessary, management 
of mucous retention cysts and mucoceles is by excision or marsupialization.

Granulomatous Disease

Granulomatous lesions produce a chronic inflammatory response in the salivary glands. Patients usually present with localized nodules in the major salivary glands that should be differentiated from neoplasms. The distinction is made more 
easily when signs and symptoms of systemic disease are present.
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Mycobacterial disease.



Childhood tuberculosis is estimated to have increased almost 40% between 1986 and 1991.[62] Primary tuberculosis of the salivary glands is uncommon. When present, it is usually unilateral. Mycobacterium tuberculosis of the major salivary 
glands can occur through dental or tonsillar infections, intraglandular lymph nodes, or parenchymal infiltration. It can occur as a primary infection or along with a primary pulmonary focus. A positive Mantoux test is the hallmark for 
tuberculous infection. It shows that the patient harbors M. tuberculosis in the body. For children in high-risk groups and very young children, induration greater than 10 mm is positive. For children with no risk factors, it may be acceptable to 
increase the cutoff point for a positive test to 15 mm.[61] The most common finding of tuberculous disease in children is hilar or mediastinal adenopathy. Extrathoracic disease is present in about 30% of children with tuberculosis. The most 
common site is the cervical or supraclavicular lymph nodes. When the lymph nodes are involved, disease may also involve periparotid or submandibular lymph nodes. Management is with standard antituberculous drugs, including isoniazid, 
rifampin, and pyrazinamide.

 
Figure 180-5 A, A patient with an atypical mycobacterium infection involving the parotid gland. B, Computed tomography with contrast of the same patient. Notice the rim-enhancing parotid lesion. 

 

TABLE 180-2 -- SALIVARY GLAND NEOPLASMS IN CHILDREN

Benign *  Malignant †  

Hemangioma 111 Mucoepidermoid carcinoma 122

Mixed tumor (Pleomorphic Adenoma) 94 Acinic cell carcinoma 30

Vascular proliferative tumor 40 Undifferentiated carcinoma 22

Lymphangioma 18 Adenocarcinoma 19

Lymphoepithelial tumor 3 Adenoid cystic carcinoma 16

Cystadenoma 3 Malignant mixed tumor 10

Warthin's tumor 3 Rhabdomyosarcoma 6

Plexiform neurofibroma 2 Undifferentiated sarcoma 5

Xanthoma 2 Mesenchymal sarcoma 5

Neurolemmoma 1 Unclassified carcinoma 4

Adenoma 1 Squamous cell carcinoma 3

Lipoma 1 Lymphoma 3

••TOTAL 279 Ganglioneuroblastoma 1

  TOTAL 246
*Adapted from Schuller DE, McCabe BF: Salivary gland neoplasms in children, Otolaryngol Clin North Am 10:399, 1977. 
†Adapted from Shikhani AH, Johns ME: Tumors of the major salivary glands in children, Head Neck Surg 10:257, 1988. 

 
 
 
and adults. Children have more vasoformative tumors; whereas adults have more solid tumors. A solid salivary gland neoplasm is more likely to be malignant in a child than in an adult. Low-dose radiotherapy has been implicated in the 
development of salivary gland neoplasms.[34] The most common salivary gland neoplasm in neonates and infants is the vasoformative tumor. The most common epithelial tumor in children is the pleomorphic adenoma ( Table 180-2 ). The 



most common malignant salivary gland neoplasms in children are mucoepidermoid and acinic cell carcinomas.[40] If vasoformative tumors are excluded, approximately 50% of salivary gland tumors in children are malignant.[35] 

Benign

Vasoformative Tumors

Vasoformative tumors include hemangiomas, lymphangiomas, and vascular malformations. Vasoformative tumors are nonepithelial and comprise the greatest percentage of salivary gland neoplasms in neonates and infants.

Hemangiomas.

Hemangiomas of the parotid gland are the most frequent tumor of any type in the first year of life and occur most often in girls and on the left side. Most are identified within 1 month of birth, and 90% are identified within the first year of 
life. Eighty percent are single lesions; whereas 20% are multiple lesions. Of salivary gland hemangiomas, 80% occur in the parotid gland, 18% in the submandibular
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gland, and 2% in the minor salivary glands.[55] Hemangiomas can cause the parotid gland to increase up to five times its normal size.[7] The tumor generally is contained within the intracapsular portion of the gland and rarely extends into the 
submucosal tissues or skin ( Figure 180-6 ). Histologically, the number of lobules of the gland increases, but the general lobular architecture is preserved. The parenchyma is replaced by vasoformative elements, specifically endothelial 
proliferation with vascular differentiation. The acini and ductal structures are unaffected. A lymphangiomatous component can also be present. [53] Several types of hemangiomas have been identified histologically, including capillary, 
cavernous, mixed, and hypertrophic. Separation of these types is relatively arbitrary, and the lesions are most likely part of a broad continuum.[12] 

Hemangiomas usually are discovered at or shortly after birth. The patients have facial asymmetry and a fluctuant mass. The tumor is soft to rubbery and usually asymptomatic. In 50% of cases, a parotid hemangioma is associated with other 
cutaneous hemangiomas.[67] After it appears, the hemangioma grows rapidly over months and plateaus for a period of time before its slow but progressive involution. Of affected children, 50% have complete involution of the lesion by age 5 
years, 70% have involution by 7 years of age, and 90% by 9 years of age. The earlier the involution, the more complete.[29] 

Diagnosis is usually by history and physical examination. If necessary, CT or MRI will confirm the diagnosis. Biopsy 

 
Figure 180-6 A, A patient with a hemangioma of the parotid gland. B, Computed tomography with contrast shows a parotid gland mass consistent with a hemangioma and extension into the retropharyngeal space. 

 

Figure 180-7 A, Lymphangioma with involvement of the submandibular and parotid glands. B, Magnetic resonance imaging (T1-weighted) shows multiple loculated spaces consistent with a lymphangioma. 



 

Figure 180-8 A first branchial cleft anomaly that has become an infected cyst. 
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Chapter 181 - PHARYNGITIS AND ADENOTONSILLAR DISEASE

Brian J. Wiatrak 
Audie L. Woolley 



INTRODUCTION

Infectious and inflammatory diseases involving the pharynx, tonsils, and adenoids account for a significant proportion of childhood illnesses and pediatric healthcare expenditures. They often result in two of the most common surgical 
procedures of childhood, tonsillectomy and adenoidectomy ( Figure 181-1a and Figure 181-1b ). Recent clinical research has helped to illuminate this vast area of pediatric otolaryngology, including the effects of adenotonsillar hypertrophy 
on obstructive sleep apnea, the microbiologic flora of the tonsils and adenoids and their role in chronic adenotonsillar hypertrophy, the relationship between adenotonsillar hypertrophy and craniofacial growth, and new techniques for 
adenotonsillectomy with improved management of perioperative morbidity. This chapter reviews our current understanding of pharyngitis and adenotonsillar disease processes.

HISTORY

Celsus was the first to report removal of the tonsils.[37] Describing his surgical technique, Celsus indicated that "the tonsils are loosened by scrapping around them and then torn out."[35] Hemostasis was obtained using a vinegar mouthwash and 
painting the tonsillar fossa with a medication to reduce bleeding.[25] Aëtius of Amida on the Tigris described a technique for tonsillectomy in the first half of the sixth century in which a hook was used to snare the tonsil and a knife was used 
for amputation. He warned of the severe dangers of hemorrhage when excising too deeply.[192] Subsequent surgical techniques were described by Paul of Aegina in 625, and Physick described a forceps to facilitate extirpation of the tonsil, 
which became the forerunner for the modern tonsil guillotine. [35] [131] Mackenzie [88] improved on the Physick tonsillotome and popularized its use for surgery of the tonsils in the late nineteenth century.

The adenoids were first described by the Danish physician Meyer. In his 1868 paper "Adenoid vegetations in the nasopharyngeal cavity," Meyer described in detail his technique of posterior rhinoscopy to diagnose adenoid hypertrophy and 
recommended removal of adenoid tissue with the aid of a ring knife.[176] In 1885, Gottstein described the first adenoid curette.[176] 

Crowe reviewed 1000 consecutive tonsillectomies performed between 1911 and 1917. In his paper "Relation of tonsillar and nasopharyngeal infection to general systemic disorders," Crowe provided a detailed description of a meticulous 
surgical technique by sharp dissection and described using the Crowe-Davis mouth gag.[32] The low complication rate he described compares favorably with modern reports of tonsillectomy.

ANATOMY

Waldeyer's Ring

Together, the lingual tonsils anteriorly, the palatine tonsils laterally, and the pharyngeal tonsils (adenoids) posterosuperiorly form a ring of lymphoid or adenoid tissue about the upper end of the pharynx known as Waldeyer's tonsillar ring. 
All the structures of Waldeyer's ring have a similar histology and presumably similar functions.

Palatine Tonsil

The palatine tonsil represents the largest accumulation of lymphoid tissue in Waldeyer's ring and, in contrast to the lingual and pharyngeal tonsils, constitutes a compact body with a definite thin capsule on its deep surface.[73] Tonsillar crypts, 
blind tubules from the epithelium on the surface of the tonsil that are lined with stratified squamous epithelium, extend deeply into this tissue.

The tonsillar capsule is a specialized portion of the pharyngobasilar fascia that covers the surface of the tonsil and extends into it to form septa that conduct the nerves and vessels.[73] The tonsil is not,
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therefore, easily separated from its capsule, but the capsule is united largely by loose connective tissue to the pharyngeal muscles. The tonsil can be easily dissected from its normal position by separating the capsule from the muscle through 
this loose connective tissue.

The tonsillar fossa is composed of three muscles: the palatoglossus muscle, which forms the anterior pillar; the palatopharyngeal muscle, which is the posterior pillar; and the superior constrictor muscle of the pharynx, which forms the larger 
part of the tonsillar bed.[73] The muscular wall is thin, and immediately 

 
Figure 181-1a Management algorithms of pediatric pharyngitis and adenotonsillar disease. 



 

Figure 181-1b 

 



Figure 181-2 Viral ulcer on the right tonsil consistent with coxsackievirus infection. 

 

Figure 181-3 Tonsillar hypertrophy and mononucleosis with significant airway obstruction. 

 

Figure 181-4 Tonsillolith of the right tonsil. 

 

Figure 181-5 A, Left peritonsillar abscess in an 18-month-old child. B, Magnetic resonance image of the peritonsillar abscess in the same patient, showing extension of the abscess into the retropharyngeal space. 

 

Figure 181-6 A, Lateral neck radiograph showing a retropharyngeal abscess. B, Computed tomogram of the same patient. 



 

Figure 181-7 Tonsillar hypertrophy with significant pharyngeal obstruction. 

 

Figure 181-8 A, Endoscopic view of mild adenoid hypertrophy. B, Severe adenoid hypertrophy with total choanal obstruction. 

 



Figure 181-9 Posteroanterior chest radiograph of a patient with adenotonsillar hypertrophy, severe airway obstruction, pulmonary vascular hypertension, and cor pulmonale. 

 

Figure 181-10 A, Bifid uvula in a patient with a submucous cleft palate. B, Submucous cleft palate. 

 

Figure 181-11 Lateral neck radiograph demonstrating significant adenoid hypertrophy and nasopharyngeal obstruction. 

 
 



Box 181-1. SURGICAL INDICATIONS FOR TONSILLECTOMY

 
Infection 

Recurrent, acute tonsillitis (more than six episodes per year or three episodes per year for ≥2 years) 
 
Recurrent acute tonsillitis associated with other conditions: 
 
Cardiac valvular disease associated with recurrent streptococcal tonsillitis 
 
Recurrent febrile seizures 
 
Chronic tonsillitis that is unresponsive to medical therapy associated with: 
 
Halitosis 
 
Persistent sore throat 
 
Tender cervical adenitis 
 
Streptococcal carrier state unresponsive to medical therapy 
 
Peritonsillar abscess 
 
Tonsillitis associated with abscessed cervical nodes 
 
Mononucleosis with severely obstructing tonsils that is unresponsive to medical therapy. 
 

 
Obstruction 

Excessive snoring and chronic mouth-breathing 
 
Obstructive sleep apnea or sleep disturbances 
 
Adenotonsillar hypertrophy associated with: 
 
Cor pulmonale 
 
Failure to thrive 
 
Dysphagia 
 
Speech abnormalities 
 
Craniofacial growth abnormalities 
 
Occlusion abnormalities 
 

 
Other 

Suspected neoplasia-asymmetric tonsillar hypertrophy 
 

 
 
Chronic Infections

Patients with chronic recurrent tonsillitis or chronic tonsillitis may benefit from tonsillectomy and possibly adenoidectomy. In 1995, the American Academy of Otolaryngology-Head and Neck Surgery Clinical Indicators Compendium stated 
that patients with three or more infections of the tonsils and/or adenoids per year, despite adequate medical therapy, are candidates for tonsillectomy and adenoidectomy.[1] Other indications include chronic tonsillitis unresponsive to medical 
therapy that results in a persistent foul taste or halitosis or recurrent tonsillitis associated with the streptococcal state and has not responded to β-lactamase-resistant antimicrobial therapy. [1] The efficacy of elective tonsillectomy for recurrent 
sore throats has been demonstrated by numerous investigators.[106] [125] The efficacy of elective tonsillectomy has also been demonstrated in children with recurrent throat infections, including GABHS. [125] 



 
 

Box 181-2. SURGICAL INDICATIONS FOR ADENODOIDECTOMY

 
Infection 

Purulent adenoiditis 
 
Adenoid hypertrophy associated with: 
 
Chronic otitis media with effusion 
 
Chronic recurrent acute otitis media 
 
Chronic otitis media with perforation 
 
Otorrhea or chronic tube otorrhea 
 

 
Obstruction 

Adenoid hypertrophy associated with excessive snoring and chronic mouth-breathing 
 
Sleep apnea or sleep disturbances 
 
Adenoid hypertrophy associated with: 
 
Cor pulmonale 
 
Failure to thrive 
 
Dysphagia 
 
Speech abnormalities 
 
Craniofacial growth abnormalities 
 
Occlusion abnormalities 
 
Speech abnormalities 
 

 
Other 

Suspected neoplasia 
 
Adenoid hypertrophy associated with chronic sinusitis 
 

 
 
In a study by Paradise and others,[125] 187 children participated in a randomized clinical trial. Inclusion criteria for the study included patients with seven or more sore throat episodes in the preceding year who were treated with antibiotics; five 
or more sore throat episodes in the 2 preceding years; or three or more episodes in each of the 3 preceding years. These patients benefited from elective tonsillectomy or adenoidectomy compared with a control group of children who were 
managed nonsurgically. Factors that should be taken into account when considering surgery for recurrent throat infections in children include (1) the severity of each episode; (2) how well the children have responded to medical therapy; and 
(3) quality-of-life issues (e.g., missed days at school.)

Tonsillectomy and adenoidectomy should be considered in patients with recurrent tonsillitis, as well as other medical conditions such as cardiac valvular disease with recurrent streptococcal tonsillitis, a history of febrile seizures, poorly 
controlled diabetes, and possibly ventricular peritoneal shunts. Systemic
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infections in these situations could become life-threatening.

Tonsillectomy is the management of choice for peritonsillar abscess in children who will not tolerate needle aspiration. Peritonsillar abscesses that have been successfully drained by needle aspiration are not necessarily an absolute indication 
for tonsillectomy. However, tonsillectomy is definitely indicated in cases of recurrent peritonsillar abscess.[7] [27] [71] [95] 

Although diphtheria is currently unusual, tonsillectomy may be warranted in patients who are diphtheria carriers and have not responded to antibiotic therapy. Finally, patients with chronic halitosis related to debris in the tonsillar crypts or 
secondary to chronic tonsillitis are candidates for tonsillectomy.

ADENOIDECTOMY

Indications

Adenoid hypertrophy or chronic adenoiditis may cause significant problems requiring adenoidectomy in situations in which the tonsils themselves are not diseased and are not contributing to symptomatology. Patients with chronic adenoid 
hypertrophy causing craniofacial morphology problems, excessive snoring, or possibly quality-of-life issues (e.g., poor olfaction) are candidates for adenoidectomy.[57] Adenoid hypertrophy may be confirmed by flexible nasopharyngoscopy 
or lateral cervical radiography.

Patients with a history of chronic recurrent sinusitis may also benefit from adenoidectomy. Patients with chronic sinusitis and significant adenoid hypertrophy may initially benefit from adenoidectomy rather than undergoing more extensive 
sinus surgery.[144] In addition, patients with chronic purulent rhinitis secondary to chronic adenoiditis may also respond to adenoidectomy if they have not responded well to appropriate medical therapy. Patients with hyponasal speech 
(rhinolalia clausa) are also candidates for adenoidectomy. Hypernasal speech (rhinolalia aperta) is not an indication. However, in unusual cases, excessive tonsillar hypertrophy may impede palatal movement, and this may improve after 
tonsillectomy.[99] 

Although surgical intervention should be considered in cases of severe nasal obstruction related to adenoid hypertrophy, there is evidence that alternative medical therapy exists to manage adenoid hypertrophy. Demain and Goetz[37] 
demonstrated that aqueous nasal beclomethasone therapy led to significant improvement of nasal obstruction secondary to adenoid hypertrophy, which was confirmed by preand postmanagement flexible nasopharyngoscopy. In addition, 
patients with underlying inhalant allergies may benefit from antihistamine therapy and possibly from allergic immunologic desensitization therapy.

Conservative adenoidectomy should be performed in patients with a cleft palate or submucous cleft palate, leaving the lower portion of the adenoid pad intact to decrease the risk of postoperative VPI.

ADENOIDECTOMY AND OTITIS MEDIA

The role of the adenoids in the etiology of otitis media has been controversial. However, recent investigations have demonstrated that appropriate management of the adenoids plays an important role in the diagnosis and management of 
chronic otitis media in children. Bluestone and others[8] and McKee[108] indicated that surgical manipulation of the eustachian tube during adenoidectomy may predispose children to eustachian tube malfunction and the subsequent development 
of otitis media with effusion. In addition, numerous reports have demonstrated that adenoidectomy alone or in conjunction with myringotomy tube placement may reduce the incidence of future episodes of otitis media and possibly reduce 
the necessity for future ventilation tubes.[53] [126] Gates and others[53] randomly assigned 578 children between the ages of 4 and 8 years into 4 management groups: group 1 received bilateral myringotomy and no ventilation tube placement; group 
2 received placement of ventilation tubes; group 3 underwent adenoidectomy alone; and group 4 underwent adenoidectomy and placement of ventilation tubes. It was demonstrated with statistical significance that patients who underwent 
adenoidectomy in conjunction with bilateral myringotomy had significantly lower postmanagement morbidity, as measured by hearing loss secondary to middle-ear effusion and the number of subsequent placements of ventilation tubes. 
Paradise and others[126] randomly studied 213 children who had previously received ventilation tubes that had since extruded. These patients were randomized into 2 groups—adenoidectomy and no adenoidectomy (control group). The 
adenoidectomy group had statistically significant less otitis media as compared with control subjects.

The actual mechanism by which adenoidectomy affects the course of otitis media in children is unclear. Surgical extirpation of the adenoids may remove a nasopharyngeal nidus of contaminated tissue that secondarily acts as a source of 
infection in the middle ear, or adenoidectomy may simply remove an anatomic obstruction of the eustachian tube. The actual size of the adenoid pad has not necessarily been implicated in the etiology of chronic otitis media with effusion. 
Many authors have failed to determine the relationship between adenoid size and chronic otitis media with effusion.[51] [52] [101] [148] 

Based on current evidence, adenoidectomy should be considered in children undergoing ventilation tube
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placement who have symptomatology suggestive of chronic nasal obstruction or adenoid hypertrophy that is confirmed by nasopharyngoscopy or nasopharyngeal radiography. Patients who require subsequent sets of ventilation tubes also 
may be candidates for adenoidectomy, regardless of adenoid size or symptomatology.

ADENOTONSILLECTOMY

Surgical Technique

Many surgical techniques have been described for extirpation of the tonsils and adenoids. Crowe, Watkins, and Rothholz[32] described the first meticulous surgical dissection technique using sharp instrumentation. More recently, however, 
dissection using electrocautery has become popular. Current techniques also include CO2 or KTP laser tonsillectomy and tonsillectomy using various electrocautery devices (e.g., standard Bovie electrocautery and bipolar electrocautery.[3] [98] [105] 
[116] [190] Evidence suggests that sharp dissection may lead to slightly less postoperative pain. However, there may be less intraoperative blood loss with electrocautery techniques. [91] [93] [151] Guillotine tonsillectomy techniques are still used and have 
been 

 
Figure 181-12 Instrumentation used in tonsillectomy and adenoidectomy procedures. 



 

Figure 181-13 Adenotonsillectomy technique. A, Patient placed in Rose's position. B, Palate inspected for presence of submucous cleft. C, Nylon suture placed through uvula for retraction. D, Nasopharynx inspected with mirror. E and F, 
Positioning of curette for adenoid removal. G, Removal of adenoid remnants with small curette. H, Removal of adenoid remnants and control of bleeding using suction cautery. I and J, Grasping of right tonsil and incision of mucosa using 
cautery. K to M, Dissection of tonsil with cautery. N, Inspection of superior pole with mirror. O, Control of bleeding using suction cautery. 

 



Figure 181-14 Computed tomogram with contrast enhancement demonstrating and aberrant artery in the left retropharyngeal region. 

 

Figure 181-15a A, Oropharyngeal view of postadenotonsillectomy nasopharyngeal stenosis. 

 

Figure 181-15b B, Endoscopic view of nasopharyngeal stenosis using a 120-degree rod-lens telescope. 
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Chapter 182 - OBSTRUCTIVE SLEEP APNEA IN CHILDREN

Laura M. Sterni 
David E. Tunkel 

The stupid-lazy child who frequently suffers from headaches at school, breathes through his mouth instead of his nose, snores and is restless at night, and wakes up with a dry mouth in the morning, is well worthy of the solicitous 
attention of the school medical officer. 
—W. Hill, 1889[66] 

INTRODUCTION

More than 100 years ago, clinicians began to recognize the manifestations of sleep-related breathing obstruction in children. Today, the obstructive sleep apnea syndrome (OSAS) is recognized as a common and important pediatric health 
problem. Sleep-related upper airway obstruction can lead to a variety of nighttime and daytime symptoms in children. If diagnosis and treatment are delayed, the consequences of OSAS can be severe.

CLASSIFICATION OF SLEEP-RELATED UPPER AIRWAY OBSTRUCTION

Snoring is the common feature of three clinical syndromes of sleep-related upper airway obstruction in children. The diagnoses of primary snoring (PS), upper airway resistance syndrome (UARS), and OSAS separate patients according to 
the severity of their sleep-related upper airway obstruction and resulting clinical complications.

Primary Snoring

Approximately 10% of children snore during sleep on most or all nights, and the majority of these children have PS.[6] [8] [35] [109] PS has been defined as snoring during sleep without associated apnea, gas exchange abnormalities, or excessive 
arousals.[10] The factors that predispose children to PS are similar to those described for OSAS and are discussed in detail later in this chapter. Major risk factors for snoring in otherwise healthy children are obesity, decreased nasal patency 
(rhinitis, septal deviation, nasal obstruction), and adenotonsillar hypertrophy.[34] [138] Snoring in 6- to 13-year-old children has also been strongly associated with parental cigarette smoking.[34] [35] 

PS does not appear to progress to OSAS in young children and may resolve over time. Investigators have performed polysomnography in children 1 to 3 years of age after their diagnosis of PS and found no significant difference in the apnea 
index or nighttime gas exchange.[91] [140] Ali, Pitson, and Stradling found that 50% of children who were described by their parents as habitual snorers at 4 years of age had stopped snoring without treatment at a 2-year follow-up.[6] 

PS is generally considered benign but further studies on the consequences of nightly snoring are needed. At present, treatment is not recommended for PS.

Upper Airway Resistance Syndrome

Children with UARS snore and have partial upper airway obstruction that leads to repetitive episodes of increased respiratory effort ending in arousals and sleep fragmentation. Daytime symptoms similar to those seen with OSAS may exist. 



[41] [62] [63] Children with UARS have no evidence of apnea, hypopnea, or gas exchange abnormalities on polysomnography. The diagnosis of UARS is currently made with the use of esophageal pressure monitoring to identify increased 
respiratory effort with related arousals. When polysomnography is performed without esophageal pressure monitoring, snoring with marked paradoxical breathing movements or repetitive arousals may be suggestive of UARS. Treatment 
options for UARS are identical to those for OSAS and will be discussed later in this chapter. The incidence of UARS in children is unknown, but some centers believe it may be more common than OSAS.[62] 

Obstructive Sleep Apnea Syndrome

Approximately 1% to 3% of all children will have OSAS, and as many as 40% of snoring children
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referred to a sleep clinic or otolaryngologist may have OSAS.[12] [23] [26] [52] [54] Childhood OSAS has been defined as episodes of upper airway obstruction during sleep that are usually associated with a reduction in oxyhemoglobin saturation, 
hypercarbia, or both. Sleep-related upper airway obstruction in children may manifest as obstructive apnea or obstructive hypoventilation.[123] Obstructive hypoventilation results from continuous partial airway obstruction, which leads to 
paradoxical respiratory efforts, hypercarbia, and often hypoxemia. Diagnosis of obstructive hypoventilation in children requires end-tidal CO2 monitoring during polysomnography. Despite the absence of complete airway obstruction during 
sleep, children with obstructive hypoventilation are at risk for all of the reported complications of OSAS.

Obstructive hypoventilation is generally not seen in adults with OSAS. A number of other important differences between adults and children with OSAS are detailed in Table 182-1 .

SYMPTOMS AND SIGNS OF CHILDHOOD OBSTRUCTIVE SLEEP APNEA SYNDROME

Children with OSAS almost always present with a history of snoring and difficulty breathing during sleep.[20] [26] [60] Parents often report nighttime sweating, restlessness, and unusual sleeping positions in their affected children. Chest retraction, 
use of accessory muscles, and paradoxical rib cage motion during inspiration occur during episodes of upper airway obstruction. Paradoxical breathing (inward movement of the thorax during inspiration) can be normal during  

TABLE 182-1 -- CHILDHOOD VS ADULT OBSTRUCTIVE SLEEP APNEA SYNDROME

 Adults Children

Presentation   

Excessive daytime sleepiness Main presenting complaint Infrequent complaint

Associated obesity Majority of patients Minority of patients

Underweight/failure to thrive Not seen Frequent finding

Daytime mouth-breathing Not seen Frequent finding

Gender Males/female = 2:1 Male/female = 1:1

Enlarged tonsils and adenoids Not seen Frequent finding

Sleep pattern   

Obstructive Obstructive apnea Obstructive apnea or obstructive hypoventilation

Arousal with obstruction Common Not often seen

Disrupted Common Not often seen

Management   

Surgical Minority of patients Definitive therapy in most patients

Medical (positive airway pressure) Most common management Only in selected patients

Adapted from Carroll JL, Loughlin GM: Diagnostic criteria for obstructive sleep apnea syndrome in children, Pediatr Pulmonol 14:71, 1992.
 
sleep in infants and toddlers. During rapid eye movement (REM) sleep, the tonic and phasic activity of the intercostal muscles disappears and the infant chest wall becomes more compliant. The negative intrathoracic pressures generated 
during inspiration result in the paradoxical inward movement of the thorax. Paradoxical breathing decreases with age and is rare in healthy children older than 3 years of age.[50] Paradoxical respirations in older children are almost always the 
result of upper airway obstruction.

Enuresis has been associated with OSAS in children but is not a consistent finding.[19] [46] [60] Enuresis associated with OSAS may be related to disrupted, restless sleep patterns that affect arousal. Several studies have reported resolution of 
nocturnal enuresis after adenotonsillectomy in children with symptoms of nocturnal upper airway obstruction or polysomnography that is diagnostic for OSAS.[29] [147] [148] 

Daytime symptoms associated with OSAS include mouth-breathing, nasal obstruction, and hyponasal speech. Morning headaches have been associated with nighttime breathing obstruction, but controlled studies comparing children with 
OSAS with children with normal polysomnography results have found no significant difference in the frequency of this complaint.[19] [60] [78] Adults with OSAS often present with excessive daytime sleepiness, but this is seen less frequently in 
children with OSAS.[19] [26] [46] [122] OSAS can lead to significant cardiopulmonary complications, poor growth, and problems with learning and behavior. These important sequela will be discussed in more detail next.
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COMPLICATIONS OF CHILDHOOD OSAS

Growth

Failure to thrive was commonly described in early reports of children with OSAS.[20] [60] [78] While overt failure to thrive is now seen less frequently as a result of earlier diagnosis and management of OSAS, children with OSAS often grow 
poorly. Improved growth has been reported in childhood OSAS after treatment with adenotonsillectomy.[88] [134] [152] Marcus and others reported decreased growth in children with even mild OSAS that appeared to be related to the increased work 
of breathing during sleep. After adenotonsillectomy, the patients had improved growth and decreased energy expenditure during sleep.[88] Nocturnal growth hormone secretion also appears to be decreased in children with sleep-related upper 
airway obstruction.[106] OSAS should be considered in the differential diagnosis of failure to thrive or impaired growth that is unexplained by other conditions.

Behavior and Learning

Sleep-related breathing obstruction in children can lead to significant neurocognitive and behavioral complications. Behavioral problems, such as hyperactivity and aggressiveness, have been linked with OSAS.[19] [20] [46] [60] 

A few studies have documented, using parental reports, behavioral disturbances in children with OSAS that resolve after treatment.[7] [134] In one study of 12 children with moderate to severe OSAS, a significant reduction in inattention, 
aggression, and hyperactivity was seen after treatment, as assessed by the Conners Parent Rating Scale. These authors also noted an improvement in vigilance on a continuous performance task. [7] Owens and others found behavioral problems 
and mild deficits in executive functioning, attention, and motor skills in a small group of children with mild to moderate OSAS that improved modestly after treatment.[110] An increased incidence of daytime sleepiness, snoring, and other 
symptoms of sleep-disordered breathing was recently found in a group of general pediatric patients being evaluated for inattention and hyperactivity.[28] Sleep-related upper airway obstruction may be an important and treatable cause of 
attention-deficit and hyperactivity disorders and should be considered during the evaluation of affected children.

Learning problems have also been found in children with OSAS. Obese children with OSAS have deficits in memory, vocabulary, and learning as assessed by standardized tests when compared with obese children without OSAS.[119] Gozal 
reported evidence of learning difficulties in children with OSAS by documenting an increased incidence of snoring and nocturnal gas exchange abnormalities in a group of 297 first-grade children who were in the lowest 10th percentile of 
their class. [55] Most interestingly, the children with sleep-associated gas exchange abnormalities that received treatment showed an improvement in academic performance in the second grade, while no academic improvements were seen in 
the affected children who did not seek out therapy. Gozal and Pope also reported that children with lower academic performance in middle school were more likely to have snored loudly and frequently and to have required an 
adenotonsillectomy for snoring during early childhood.[56] The authors suggest that the neurocognitive effects of sleep-related upper airway obstruction in young children may be only partially reversible and lead to a "learning debt" that 
adversely influences subsequent school performance. Although the cause and effect relationship between neurocognitive function and sleep-related breathing obstruction is unknown, the diagnosis of OSAS should be considered in children 
with learning and behavior disorders.

CARDIOPULMONARY

Severe untreated OSAS can lead to pulmonary hypertension and cor pulmonale ( Figure 182-1 ). [20] [60] Pulmonary hypertension results from the recurrent, severe, nocturnal hypoxemia, hypercarbia, and acidosis that occurs during obstructive 
hypoventilation and apnea. Cor pulmonale is generally reversible with treatment for OSAS, but perioperative precautions are required in these high-risk patients. Amin and others found that OSAS in children led to structural changes and 
hypertrophy of both the right and left ventricles. [11] Most notably, the left ventricular hypertrophy seen in their OSAS patients was related to the degree of severity of the OSAS. The authors note that left ventricular hypertrophy is a known 
risk factor for future cardiovascular disease.[115] [142] Systemic hypertension, a frequent complication of adult OSAS, has also been reported in children with OSAS.[59] [60] [90] [127] 

PATHOPHYSIOLOGY

The upper airway is a collapsible muscular tube that includes the nasopharynx, oropharynx, and hypopharynx. Patency of the upper airway is determined by the tonic activity of the pharyngeal dilating muscles, as well as phasic contraction 
of these muscles in response to negative upper airway pressure (inspiration). Skeletal and soft-tissue structures such as the tonsils and adenoids affect upper airway diameter and resistance and are important in determining airway patency. 
During sleep, reduced upper airway inspiratory muscle tone and diminished reflex dilation lead to airway narrowing. These effects are most pronounced in REM sleep, leading to increased obstructive events in predisposed patients.
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Figure 182-1 Chest radiograph of a child with cor pulmonale secondary to OSAS. 



 

TABLE 182-2 -- MEDICAL CONDITIONS ASSOCIATED WITH OSAS * 

Achondroplasia

Apert's syndrome

Beckwith-Weidemann syndrome

Cerebral palsy

Choanal stenosis

Cleft palate following repair

Crouzon syndrome

Cystic hygroma

Down syndrome

Hallermann-Streiff syndrome

Hypothyroidism

Klippel-Feil syndrome

Mucopolysaccharidosis

Obesity

Osteopetrosis

Papillomatosis (oropharyngeal)

Pierre Robin syndrome

Pfeiffer's syndrome

Pharyngeal flap surgery

Prader Willi syndrome

Sickle cell disease

Treacher Collins syndrome

Adapted from Marcus CL, Carroll JL: Obstructive sleep apnea syndrome. In Loughlin GM, Eigen H, editors: Respiratory disease in children: diagnosis and management, Baltimore, 1994, Williams & Wilkins, pp 475–99. Used with 
permission.

*There may be other conditions not listed that are associated with OSAS. 

 
 
 
anomalies should be evaluated. OSAS in such children may persist after adenotonsillectomy, and additional surgical and nonsurgical therapies may be necessary. Infants with craniofacial anomalies can be difficult to treat and may require 
tracheotomy.

Children with skeletal dysplasias such as achondroplasia may have mixed apnea syndromes. Compression of the brainstem at the craniocervical junction may cause abnormalities of ventilatory drive and central apnea. Cervicomedullary 



compression can also affect upper airway control, leading to airway obstruction during sleep. Adenotonsillar enlargement and the craniofacial features seen in these patients may also cause OSAS.[117] Sisk and others diagnosed OSAS in 38% 
of children with achondroplasia.[131] Adenotonsillectomy is usually effective, but additional therapy with continuous positive airway pressure (CPAP) or tracheotomy may be needed in such complicated patients.[100] Craniocervical 
decompression has been used in some patients with achondroplasia but the effects in OSAS remain controversial. [104] 

Neuromuscular Disease

Cerebral palsy in children is associated with decreased pharyngeal tone, resulting in OSAS. Adenotonsillectomy is a useful initial procedure for OSAS associated with pharyngeal hypotonia.[85] These children are at high risk for respiratory 
complications or persistent OSAS after adenotonsillectomy.[57] [97] [124] When pharyngeal hypotonia is marked, tracheotomy may be necessary to relieve OSAS. Aggressive craniofacial and pharyngeal surgical approaches have been used to avoid 
tracheostomy in neurologically impaired patients with OSAS.[30] Children with primary muscular diseases such as Duchenne muscular dystrophy can also develop OSAS secondary to loss of upper airway muscle tone.[73] 

Patients with Down syndrome have a high incidence of OSAS. A study of OSAS in these patients found that adenotonsillectomy alone was not adequate therapy for more than 60% of the patients studied.[92] It was concluded that the 
generalized hypotonia and anatomic abnormalities such as obesity, macroglossia, and midfacial and mandibular hypoplasia all contribute to nocturnal airway obstruction in these patients. Lefaivre and others describe a multilevel surgical 
approach to the management of OSAS in children with Down syndrome, utilizing a combination of facial and mandibular bony advancement and pharyngeal soft tissue surgery to achieve improvement in sleep-related upper airway 
obstruction. [80] 

Mucopolysaccharidoses

Mucopolysaccharidoses such as Hunter's and Hurler syndromes are associated with severe progressive OSAS in affected children. The head and neck manifestations in these syndromes include short neck, depressed nasal dorsum, 
macroglossia, adenotonsillar enlargement, and craniofacial abnormalities.[128] Bredenkamp and others reported upper airway obstruction in 17 of 45 patients (38%) with mucopolysaccharidoses, 7 (16%) of whom required tracheotomy.[16] 
Leighton and others found OSAS in more than 90% of patients with mucopolysaccharidoses, with the most severe OSAS found in the Hurler and Hurler-Scheie types.[81] Laryngeal tissues can be infiltrated and tracheal size decreased from 
mucopolysaccharide deposition, leading to airway obstruction at multiple levels.[112] Adenotonsillectomy and tracheotomy may be part of the surgical treatment of OSAS in such complicated cases.[125] 

Acute-Onset or Rapidly Progressive Obstructive Sleep Apnea Syndrome

Abrupt onset or rapid progression of OSAS in children suggests rapid enlargement of lymphoid tissue in the pharynx or other lesions rapidly growing near the airway. Viral syndromes can be associated with marked lymphoid hyperplasia 
and severe OSAS in children, with the common example being infectious mononucleosis
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secondary to Epstein-Barr virus infection. Acute OSAS associated with Epstein-Barr virus infection is treated with a nasopharyngeal airway and steroids until the lymphoid hyperplasia resolves.[133] 

Malignant and benign tumors of the head and neck may cause sleep-related upper airway obstruction, as discussed later in this chapter. A full head and neck examination should be directed at intrinsic and extrinsic masses causing airway 
compromise. Biopsy, when clinically indicated, should be performed to direct additional therapy.

DIAGNOSIS

Early diagnosis and treatment of OSAS in children will result in decreased morbidity. A study by Richards and Ferdman found that the mean period between onset of symptoms and treatment of OSAS in a group of 45 children was 3.3 years.
[120] Delays in treatment were related to physician, parent, and third-party factors. Early diagnosis may also be cost effective. A recent study has shown that children with OSAS have a 226% increase in healthcare utilization when compared 
with controls during the 1 year before they receive evaluation and treatment.[118] A new clinical practice guideline on the diagnosis and management of OSAS in children released by the American Academy of Pediatrics has recommended that 
all children be screened for snoring as part of routine healthcare maintenance. If snoring is reported and the patient has symptoms or a physical examination suggestive of OSAS, additional diagnostic testing is recommended.

History

Numerous studies have demonstrated that OSAS cannot be distinguished from PS in children, based on clinical history and physical examination alone. * In one report, 89% of parents of children with OSAS observed their child struggling to 
breathe during sleep, as did 58% of parents of children with PS. The majority of parents of children with both disorders were frightened by their child's nighttime breathing, often staying up nights to watch the child breathe.[26] Goldstein and 
others evaluated 30 snoring children referred to a pediatric otolaryngology clinic using a focused history and physical examination in addition to a review of audio taped breathing of the children during sleep. In only half of the 18 children 
believed to have definite OSAS clinically was polysomnography diagnostic for OSAS. [54] Although the clinical history may not be diagnostic, a thorough evaluation of daytime and nighttime symptoms is helpful in planning and interpreting 
subsequent studies.

Physical Examination

The diagnosis of childhood OSAS is suggested by the patient's history and confirmed by polysomnography. The physical examination should note height and weight because growth may be impaired by OSAS. Cardiopulmonary 
abnormalities associated with OSAS should be identified. A full otolaryngologic examination of the head and neck should establish the likely site or sites of dynamic or static airway obstruction.

Tonsil and adenoid size should be assessed in children with symptoms of nocturnal airway obstruction. Signs of adenoidal hypertrophy include decreased nasal airflow with an adequate nasal airway on rhinoscopy, a hyponasal speech 
pattern, and an openmouth breathing posture. Nasal examination should be focused to exclude obstructive septal deformity, intranasal masses, and mucosal or turbinate swelling within the nose. The oral examination should center on tonsil 
size and symmetry, pharyngeal dimensions, palate shape and size, and tongue size and motion.

Routine oral and nasal examination can be supplemented with fiberoptic nasal endoscopy to assess nasal patency, adenoid size, and effect of tonsil size and anatomy on awake respiration.[143] Croft and others used fiberoptic endoscopy to 
evaluate the site of obstruction in children with polysomnogram-proven OSAS.[37] The authors identified distinct adenoidal, adenotonsillar, tongue base, and laryngeal sites of obstruction based on fiberoptic endoscopy and planned successful 
surgical therapy based on these findings.



The physical examination of children with craniofacial anomalies is directed at craniofacial structure, jaw size and position, and tongue size and position. Assessment of pharyngeal and laryngeal tone is necessary in children with neuromotor 
diseases such as cerebral palsy or muscular dystrophy. When sleep-disordered breathing is accompanied by airway symptoms when awake such as stridor or hoarseness, laryngotracheal examination with flexible or rigid endoscopy should be 
performed.

Polysomnography

Overnight polysomnography in a sleep laboratory is the gold standard for diagnosing childhood OSAS. An accurate diagnosis of OSAS will ensure that appropriate treatment is provided when needed and will avoid unnecessary surgery in 
patients with PS. The quantitative data obtained from polysomnography can also help predict which children are at risk for perioperative complications. Severe OSAS on polysomnography has been shown in several studies to be an 
important risk factor for postoperative respiratory compromise after adenotonsillectomy.[97] [124] 

*References [26] [54] [78] [107] [136] [144] . 
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Pediatric sleep laboratories should involve clinicians with expertise in pediatric respiratory disorders or sleep medicine to ensure that the studies are performed and interpreted appropriately for this age group. Overnight polysomnography is 
recommended. Although a nap study that is positive for obstructive sleep apnea correlates well with the presence of obstructive apnea on an overnight study, negative nap studies do not exclude OSAS during full polysomnographic studies.[93] 
Nap studies are limited by the short recording time and the possible absence of REM sleep periods. The use of sedatives and sleep deprivation are not recommended because both may increase upper airway obstruction artifactually.[25] [65] 

In children, end-tidal CO2 should be monitored to detect obstructive hypoventilation. The consensus statement adopted by the American Thoracic Society, Standards and Indications for Cardiopulmonary Sleep Studies in Children, also 
recommends measurement of (1) respiratory effort, as assessed by movement of the chest wall and abdomen; (2) airflow at the nose and/or mouth; (3) measurement of arterial oxygen saturation (SaO2 ) by pulse oximetry (SpO2 ); (4) 
electrocardiographic recording to monitor cardiac rate and rhythm; (5) electromyography in the anterior tibial region to monitor arousals; and (6) appropriate electroencephalography, electrooculography, and electromyography measurements 
for sleep staging ( Table 182-3 ).[1] 

Sleep-related upper airway obstruction is diagnosed in children who have more than one obstructive apneic episode per hour or show evidence of significant obstructive hypoventilation. In adults, obstructive apneas are considered abnormal 
only if  

TABLE 182-3 -- POLYSOMNOGRAPHY FOR OBSTRUCTIVE SLEEP APNEA SYNDROME IN CHILDREN

Sleep state

••Electroencephalogram

••Electrooculogram (right and left)

••Electromyogram (submental)

Respiratory variables

••Abdominal and chest wall movement (strain gauges, inductive plethysmography)

••Oronasal airflow (thermistor)

••End-tidal CO2 

••Arterial oxygen saturation with pulse oximetry

Nonrespiratory variables

••Electrocardiogram

••Electromyogram (tibial) to document movements and arousals

Recommended but not required

••Audiovideo recording
 
they last more than 10 seconds. Significant obstructive apneas in children are often shorter than 10 seconds. Because of the higher oxygen consumption in children and the fall in functional residual capacity during sleep, an infant or toddler 
may have falls in SaO2 after only a few seconds of upper airway obstruction. Obstructive apneas lasting two or more consecutive breaths are generally considered abnormal in children. Obstructive hypoventilation is diagnosed when peak end-
tidal CO2 (PetCO2 ) is greater than 53 mm Hg or when PetCO2 is greater than 50 mm Hg for 8% or more of total sleep time in the presence of paradoxical respirations or snoring and in the absence of lung disease.[95] Hypoxemia is defined as an 
SpO2 of less than 92% and is correlated with the child's baseline readings and respiratory events. Sleep architecture is examined because an adequate study should contain at least one REM period. Sleep efficiency and frequency of arousal 
from sleep in association with respiratory events are also analyzed.

No standard guidelines exist for classifying the severity of OSAS. In our laboratory we classify children as having either mild, moderate, or severe OSAS based on clinical picture, number of obstructive events per hour, PetCO2 or duration of 
elevated endtidal CO2 measurements, and frequency and severity of oxygen desaturation. We will classify OSAS as severe if the patient has an obstructive event index of 10 or greater per hour because of the increased risk of respiratory 
compromise following adenotonsillectomy.[97] Representative polysomnographic tracings from pediatric patients are shown in Figure 182-2 .

Other Studies



Because full polysomnography in children may be difficult to obtain, expensive, or inconvenient, in-home screening methods to diagnose OSAS have been investigated. Having medical personnel directly observe a child having apnea, 
retractions, and paradoxical respirations during sleep may allow the diagnosis of OSAS.[1] Making a diagnosis by observation, however, does not allow determination of the severity of the OSAS, which may be important in determining 
management. Videotapes, audio tapes and continuous pulse oximetry have been helpful in predicting OSAS when positive, but unfortunately do not rule out OSAS when negative.[22] [77] [132] Therefore, children with negative results on screening 
studies should undergo a more comprehensive evaluation. Preliminary studies from one center suggest that evaluation for sleep-disordered breathing may be accomplished with unattended home polysomnography.[69] [103] The home test 
performed included measurement of oxygen saturations and ventilation along with video recordings. These tests are not widely available and additional
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Figure 182-2 Typical polysomnographic recordings. A, Obstructive apnea. B, Obstructive hypoventilation. Note the paradoxical inward rib cage motion seen in both tracings. In A, nasal-oral thermistor and expired CO2 tracings flatten 
during the obstructive apnea while respiratory efforts continue. Note the fall in arterial oxygen saturation measured by pulse oximetry (SpO2 ) that occurs shortly after the approximately 10-second event. In B, continuous partial airway 
obstruction results in elevated end-tidal CO2 readings and a fall in SpO2 . 

 

Figure 182-3 Evaluation and management of obstructive sleep apnea syndrome in healthy children (A) and high-risk children (B). 



 

Figure 182-4 Axial magnetic resonance imaging showing juvenile aggressive fibromatosis of the parapharyngeal space in a patient who presented with new onset of symptoms of OSAS. 
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INTRODUCTION



Each year in the United States, cancer is diagnosed in 1 of every 7000 children 0 to 14 years of age. In 1998, the diagnosis of cancer was given to 8700 children before their 15th birthday and to 3700 young adults between 15 and 20 years of 
age in the United States.[128] Data collected by the Surveillance, Epidemiology, and End Results (SEER) Program of the National Cancer Institute (NCI) between 1972 and 1990 suggested that these numbers were on the rise. In 1972, 12 
cancers were diagnosed per 100,000 children under the age of 15 years; by 1990, that number had increased to nearly 14 per 100,000. [88] [143] However, the rates have been stable since 1990.[74] During this same period, cancer-related mortality 
decreased. Therefore, the changes in incidence probably coincided with earlier diagnosis because of advances in central nervous system (CNS) diagnostic imaging such as computed tomography (CT) scanning and magnetic resonance 
imaging (MRI), and not a true increase in rates of disease. [74] However, malignancies remain the most common cause of death from disease in the 1- to 14-year-old age group. Childhood cancers are exceeded only by accidents as the leading 
cause of death in children older than 1 year of age.

Certain populations of children are at a higher risk for developing childhood malignancies. Down syndrome (DS) patients have a 20-fold increase of developing leukemia than the normal population. Posttransplant pediatric patients and 
children who have received chemotherapy or radiotherapy are at increased risk for development of a second malignancy, most commonly non-Hodgkin's lymphoma (NHL) or leukemia. Beckwith-Wiedemann syndrome and hemihypertrophy 
is linked with an increased risk of Wilms' tumor and hepatoblastoma. Patients with Bloom's syndrome, ataxia-telangiectasia, X-linked hypogammaglobulinemia, Wiskott-Aldrich syndrome, common variable immunodeficiency syndrome, 
severe combined immunodeficiency syndrome, X-linked lymphoproliferative disorder, selective IgA deficiency syndrome, and autoimmune diseases are all at increased risk for development of lymphoma, leukemia, and solid tumors.

The types and relative frequencies of childhood cancers are vastly different than those of adults. Most childhood tumors are mesenchymal or neuroectodermal in origin, whereas adult tumors are usually epithelial in origin. Nearly one-third of 
pediatric malignancies are leukemias, most commonly acute lymphocytic leukemia, and an additional 12% are either Hodgkin's lymphoma (HL) or NHL. Nonhematologic solid tumors compose the remaining 55%. Of all solid tumors in 
children younger than 15 years of age, brain tumors are most common, followed in frequency by neuroblastoma, Wilms' tumor, NHL, Hodgkin's disease, and rhabdomyosarcoma (RMS).

Impressive gains have been made in survival rates for some childhood cancers. In children younger than 15 years of age who are diagnosed with solid tumors, the survival rate has more than doubled—from 28% in 1960 to a more than 75% 
5-year survival rate in 1993 and an 80% 3-year survival rate in 1995.[122] Particularly impressive survival gains have been achieved with Wilms' tumor and HL, both of which now have cure rates exceeding 90%.[88] Outcome data during this 30-
year period show that the slopes of curves describing survival over time have remained fairly constant for all types of tumors. Advances in treatment and gains in survival have been achieved in a slow, incremental manner based on results of 
multicenter clinical trials. In spite of these advances, approximately 25% of children diagnosed with cancer will die of their disease.

The progress in survival rates for childhood cancer largely reflects the impact of clinical trials. Initiated first in 1948 to enable Farber, Diamond, and Mercer[43] to document the efficacy of methotrexate in inducing remission in some children 
with acute lymphocytic

4184

leukemia, most clinical trials today are conducted by the Children's Cancer Group or the Pediatric Oncology Group. In these trials, standard therapy is compared with a modification of that therapy, and if the modified protocol is superior, it 
then becomes the new standard. Progress is tedious, but from the perspective of time, it has been tremendously rewarding.

The possibility of more rapid advances in diagnosis and management is becoming increasingly real as studies of the molecular biology of childhood malignancies elucidate several requisite steps for tumorigenesis. Two important cytogenetic 
events, translocation and amplification, are important in tumor development and can act synergistically to generate potent oncogenic activity.[6] Nonrandom chromosomal translocations typically activate oncogenes by one of two mechanisms. 
[105] The first mechanism, frequently found in lymphoid malignancies, places the coding sequence of one gene under the regulatory control of a second gene. This juxtaposition results in increased or inappropriate expression of the first gene. 
The second mechanism generates a new gene, which is a chimera of two other genes that is formed by joining their coding regions. For amplification events, additional copies of a cellular gene are generated in the form of double-minute 
chromosomes or homogeneously staining regions.[118] 

The pathologic evaluation of childhood tumors is very different from that of adult tumors. Because of the large numbers of mesenchymal tumors that can look very primitive and similar on light microscopy—small round blue cell (SRBC) 
tumors—use of newer techniques such as immunochemical, molecular, or ultrastructural analysis is necessary for accurate diagnosis. Proper diagnosis is crucial to developing a treatment 

 
Figure 183-1 Tissue-handling diagram. 

 

TABLE 183-1 -- DIAGNOSTIC METHODS FOR TUMOR DIAGNOSIS

Method Comment

Light microscopy Used in all cases



Immunohistochemistry Widely used ancillary diagnostic

Molecular genetic: reverse transcriptase polymerase chain reaction (RT-PCR) Common molecular diagnostic method

Molecular genetic: FISH Replacing cytogenetics in many cases

Molecular genetic: in situ hybridization Specialized use

Special stains Still useful in some cases, inexpensive

Electron microscopy Used to augment light microscopy

Cytogenetics Used when no suitable FISH probes available

Molecular genetic: SKY, CGH Newer diagnostic methods

Molecular genetic: DNA sequencing For rare cases
 
rarely all needed. The most common secondary procedure after examination of H&E stains is immunohistochemistry, followed by special stains, electron microscopy (EM), and molecular studies. Immunohistochemistry is used to confirm 
the histogenesis of a tumor. About 35 antibodies are commonly used in pediatric tumor workups in the categories of general (vimentin), hematopoietic, neural, myogenic, epithelial, and miscellaneous. Immunohistochemistry and EM have 
largely replaced the use of special stains, but a few are still useful such as trichrome, pentachrome, reticulin, myeloperoxidase, and periodic acid-Schiff (PAS). EM is primarily used to clarify conflicting results from other studies such as 
immunohistochemistry. Molecular genetic techniques include five major methods: polymerase chain reaction (PCR), cytogenetics, FISH, spectral karyotyping (SKY), and comparative genomic hybridization (CGH). These techniques are 
used to detect genomic alterations (translocations, amplifications, or deletions) from chromosomal analysis. Many protocols require the use of special studies for ploidy and molecular genetics to enter a patient into a protocol treatment arm. 
The availability of molecular genetics has revolutionized childhood cancer diagnosis, providing accurate diagnoses that help guide therapy and predict clinical aggressiveness. Molecular genetic analysis of childhood tumors should not be 
taken with blind faith because two problems can be encountered: certain tumor-specific translocations only occur in a percentage of tumors, and, in some cases, the same translocation can occur in a phenotypically different tumor. Still, 
molecular genetics has enormous value in the diagnostic workup of the difficult, primitive pediatric tumors.

Head and neck tumors of childhood are reviewed in this chapter. This subset of malignancies represents fewer than 5% of all childhood cancers, and by order of relative prevalence includes lymphomas (59%), RMSs (13%), thyroid 
carcinomas (10%), nasopharyngeal carcinomas (5%), neuroblastomas (5%), nonrhabdomyosarcoma soft-tissue sarcomas (NRSTSs) (4.5%), salivary gland malignancies (2.5%), and malignant teratomas (1%).[25] Age has a marked effect on 
tumor type and modifies this order of prevalence considerably. The age factor is obviously pertinent to a directed evaluation and diagnostic workup ( Table 183-2 ). Discussion is limited to lymphomas, RMSs, neuroblastomas, NRSTSs, 
salivary gland malignancies, thyroglossal duct carcinomas, posttransplant lymphoproliferative disorders, malignant teratomas and the histiocytoses. Thyroid and nasopharyngeal carcinomas are adequately covered elsewhere in this book.

LYMPHOMAS

Non-Hodgkin's Lymphomas

Acute lymphoblastic leukemia (ALL), defined as leukemia involvement of greater than 25% of the bone marrow, is the most common pediatric malignancy. Lymphomas, defined as leukemic tumor cells in extra-bone marrow sites and 
involving less than 25% of the bone marrow, are the third most common cancers in children in the United States,[109] and NHLs represent 60% of these diagnoses. The annual incidence in children younger than 15 years of age is 7 to 8 per 
1,000,000, with peak ages between 7 and 11 years. Boys are preferentially affected by a 3:1 margin,[91] [142] and the disease is twice as common in whites as in blacks.[114] While adult lymphomas are primarily nodal, childhood lymphomas are 
predominantly extranodal. Since 1973, the annual incidence of NHL has risen by approximately 30%. Although the reasons for this increase remain unclear, specific populations of children who are at greater risk for NHL have been 
identified. These groups include children with congenital
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TABLE 183-2 -- AGE-INCIDENCE RANKING FOR HEAD AND NECK TUMORS IN CHILDREN

Age (years) 0–1 1–5 6–10 11–20

 Neuroblastoma Rhabdomyosarcoma Lymphoma Lymphoma

 Rhabdomyosarcoma Lymphoma Rhabdomyosarcoma Thyroid malignancies

 Lymphoma Neuroblastoma Nonrhabdomyosarcoma soft-tissue sarcoma (NRSTS) Nasopharyngeal malignancies

 NRSTS NRSTS Thyroid malignancies Salivary gland neoplasms
 
immunodeficiency syndrome (Wiskott-Aldrich syndrome, ataxia-telangiectasia, and X-linked lymphoproliferative disease), children with acquired immunodeficiency syndrome (AIDS), and children who have received immunosuppressive 
therapy for organ or bone marrow transplants. Patients treated for HL and solid tumors with chemotherapy are at an increased risk for NHL as well. Common to all such patients is deficient or impaired T-cell function.

Geographic differences in the incidence rates and subtypes of NHL are striking. For example, NHL is rare in Japan, whereas in equatorial Africa and northeastern Brazil, Burkitt's lymphoma (BL) is endemic and accounts for approximately 
50% of all cancers.[109] An association with Epstein-Barr virus (EBV) and BL has been demonstrated in these areas.[50] Even in cases of sporadic BL in the United States that are negative by standard screening,[108] EBV genomic DNA can be 
detected with molecular biology.

Presentation and Evaluation

Non-Hodgkin's lymphomas are classified as low-, intermediate-, or high-grade lesions based on their clinical aggressiveness. More than 90% of children have high-grade disease, probably reflecting the cellular composition and function of 



an immature immune system. Characterized by an acute onset with rapid progression, prompt diagnosis and initiation of therapy are important to reduce morbidity and ensure long-term survival.[138] In 23% to 46% of affected children, primary 
disease occurs within the abdominal cavity and involves, in decreasing order of frequency, the distal ileum, cecum, and appendix.[92] [119] Mediastinal primary tumors are slightly less common and are diagnosed in 15% to 45% of cases.[140] 
Primary head and neck involvement occurs in 5% to 10% of children and originates in the salivary glands, larynx, paranasal sinuses, orbit, scalp, and Waldeyer's ring. [119] Proximity to the central nervous system makes direct extension 
possible.

The rapid progression of disease mandates prompt referral to a specialized management center before biopsy so that a pediatric oncologist can expedite the diagnostic and staging evaluation ( Table 183-3 ) and determine the site and 
procedure to obtain tissue for histologic, cytologic, immunophenotyping, and genotyping analyses, with consultation from the surgeon and pathologist if necessary. Definitive diagnosis requires biopsy, sometimes by excision of a cervical 
node. Disseminated disease is the rule, however, and often adequate numbers of malignant cells are found in the bone marrow, spinal fluid, or pleural or ascites fluid, obviating surgical intervention entirely. The presence of pancytopenia 
suggests bone marrow involvement, and when more than 25% of the marrow is replaced with tumor, children are assigned a diagnosis of ALL.

Management

Dramatic improvement in overall cure rates among children with NHL reflects the incremental development of effective multimodal chemotherapeutic regimens through well-planned clinical trials. Systemic therapy is imperative because 
occult micrometastases affect more than 80% of children with NHL and cure rates are less than 20% when only local therapy is used.[138] Management protocols are based on the extent of disease as determined by the staging workup and the 
histologic subtype.

Although several different staging systems have been applied to NHL ( Table 183-4 ), each shares the essential purpose of identifying relatively homogeneous subcategories of disease to ensure that therapeutic trials address increasingly 
specific questions and are comparable to each other.[137] The most widely used staging classification is the St. Jude Children's Research Hospital classification, based on the Ann Arbor staging system for HL, modified for NHL. Chemotherapy 
with combination drug therapy is the backbone of management, traditionally with agents used for acute lymphoblastic leukemia (i.e., cyclophosphamide, doxorubicin, vincristine, and prednisone, and for extensive or recurrent disease, 
methotrexate, Ara-C, etoposide, and ifosfamide).
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TABLE 183-3 -- DIAGNOSTIC AND STAGING EVALUATION FOR NON-HODGKIN'S LYMPHOMA

Essential Useful Occasionally Indicated

History Intravenous urography Contrast studies of the gastrointestinal tract

Physical examination Special radiologic views (airway) CT * , MRI † of the brain

Specimens for histology, cytology, immunophenotyping, genotyping CT, MRI of primary site CT, MRI of spinal cord

Complete blood count  Creatinine clearance

Serum chemistries (electrolytes, liver, renal serum chemistries, LDH, uric acid) Epstein-Barr virus studies Urinary uric acid

  Serum lactic acid

Bone marrow aspiration and biopsy Protein electrophoresis  

Cerebrospinal fluid analysis Acid-base studies Liver biopsy

Urinalysis  Bone scan

Chest radiography   

Gallium-67 scanning   

Abdominal imaging   

LDH, lactate dehydrogenase.
*Computed tomography. 
†Magnetic resonance imaging. 

 
 
 
Overall cure rates are in the range of 70% to 90%, depending on the subtype of NHL. Radiotherapy has no routine role in the treatment of NHL, its use is reserved for massive disease, and surgery is used only occasionally in children with 
life-threatening tracheal compression. Response to therapy is monitored by following tumor size and activity using a variety of imaging modalities or invasive techniques.

Histopathology and Molecular Biology

The histopathology of NHL is extremely variable and has been categorized in various ways. The traditional and widely adopted Rappaport classification uses histologic pattern, cell type, and degree of differentiation to categorize tumors. In 
children, the categories seen with the most frequency are: B-cell phenotype (Burkitt's lymphoma, Burkitt's-like lymphoma, large B-cell lymphoma), Pre-T-cell origin (lymphoblastic lymphoma), and T-cell origin (anaplastic large-cell 
lymphomas and peripheral T-cell lymphomas). The diffuse histologic pattern is almost universal within these categories.[138] 

The development of immunologic markers has added refinement to categorization and contributed to the identification of molecular mechanisms in pathogenesis. Best studied are the small, noncleaved-cell lymphomas, particularly BL 
( Figure 183-2 ). The role of EBV, a B-cell mitogen, in BL probably fosters the establishment of a premalignant state by expanding the pool of lymphocytes in which chromosomal transformations can occur. Classic to BL is the translocation 



of the myc gene from chromosome 8 to a position juxtaposed to an immunoglobulin receptor subunit gene on chromosomes 14 (80%), and less commonly to chromosomes 2 or 22 [t(8;14), t(8;2), t(8;22), respectively].[33] [130] Unregulated 
expression of the myc gene disrupts regulation of the expression of target genes that are required for the normal progression of the cell cycle.[14] [99] [103] 

Most theories about the pathogenesis of lymphoblastic lymphomas are based on the unproven, although reasonable, assumption that lymphoblastic lymphomas and T-cell leukemias are different manifestations of a single disease entity.[114] In 
both cancers, the translocation of transcription factor genes to either chromosomes 7 or 14 places the former chromosome under shared regulatory control with the latter. The result is the activation of developmental processes that are not 
usually operative in T cells.[141] The precise mechanism of malignant transformation following translocation has not been determined.

Approximately 80% of large-cell lymphomas have a t(2;5) chromosomal rearrangement.[71] Consequently, the catalytic domain of the anaplastic lymphoma kinase gene (ALK) on chromosome 2 is fused to the amino-terminal portion of 
nucleophosmin gene (NPM) on chromosome 5.[89] The chimeric protein product that is produced engages in activities foreign to both derivative genes and probably inappropriately phosphorylates substrates in the cytoplasm. The precursor 
RNA can be detected by a RT-PCR assay, which has become an important diagnostic tool.[39] The precursor RNA has been found in some nonanaplastic lymphomas, some CD30+ anaplastic
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TABLE 183-4 -- STAGING SYSTEMS FOR NON-HODGKIN'S LYMPHOMA

SYSTEM

Stage Ann Arbor St. Jude Children's Research Hospital Memorial Sloan-Kettering Cancer Center
Prince of Wales Children's Hospital, 
Australia

I Involvement of a single lymph node region (I) or of a 
single extralymphatic organ or site (IE)

Single tumor (extranodal) or single anatomic area (nodal) excluding the 
mediastinum or abdomen

A single site A single site

II Involvement of two or more lymph node regions on 
the same side of the diaphragm (II) or localized 
involvement of extralymphatic organ or site and of one 
or more lymph node regions on the same side of the 
diaphragm (IIE)

Single extranodal site with regional lymph node involvement; two or 
more nodal areas on the same side of the diaphragm; two single 
extranodal tumors ± regional node disease on the same side of the 
diaphragm; primary gastrointestinal tract tumor, usually in the ileocecal 
area ± involvement of associated mesenteric nodes

Two or more sites above or below the 
diaphragm

Two or more sites above or below the 
diaphragm

III Involvement of lymph node regions on both sides of 
the diaphragm (III) ± extranodal involvement (IIIE) ± 
splenic involvement (IIIS), or both (IIISE)

Two single extranodal tumors ± regional node disease on opposite sides 
of the diaphragm; two or more nodal areas on opposite sides of the 
diaphragm; all extensive primary intraabdominal disease; unresectable; 
all primary intrathoracic tumors (mediastinal, pleural, thymic); all 
primary paraspinal or epidural tumors regardless of other sites

Two or more sites above and below the 
diaphragm; extensive intrathoracic and 
extensive intraabdominal involvement

Above and below the diaphragm (III-O); 
all primary intrathoracic (III-T); extensive 
intraabdominal (III-Ab)

IV Diffuse involvement of one or more extralymphatic 
organs organs or tissues ± associated lymph node 
enlargement

Any of the above + initial CNS * or bone marrow involvement (<25%) Any of the above + bone marrow ± CNS 
involvement

Marrow infiltration by >25% tumors cells 
(IV-M); CNS infiltration (IV-N)

*Central nervous system. 

 
 
 
lymphomas, and some lymphomas that lack cytogenetic evidence of the translocation. Although the impact of molecular biology has yet to revolutionize clinical practice, it will inevitably refine our diagnostic capabilities and permit the 
development of target tumor-specific therapy.

Hodgkin's Lymphoma

In 1832, Thomas Hodgkin described the disease that now bears his name. Although characterized by the presence of mononuclear cells (Hodgkin's cells) and binucleated or multinucleated tumor cells (Reed-Sternberg [RS] cells) in a 
background of variable and often abundant reactive cells, a single unifying principle of the biologic nature of HL and of the origin of the RS cell has remained elusive.[58] Current data suggest that HL represents a group of diseases with an 
uncertain relationship to each other.[20] Age at diagnosis follows a bimodal distribution, with the first peak occurring between 15 and 40 years of age and the second peak occurring after age 50. Approximately 4% of cases occur in children 
younger than 10 years of age, and 11% are found in children between 10 and 16 years of age.[27] 
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Figure 183-2 Non-Hodgkin's lymphoma categorized as malignant lymphoma with diffuse, small, noncleaved cells (Burkitt's lymphoma EBL7). Small noncleaved lymphocytes diffusely replace this lymph node. The size is monotonous, 
differentiating it from non-BL, which has more variation in of nuclei size and shape. Histiocytes (arrows) with their abundant pale cytoplasm and engulfed cellular material are scattered among the malignant lymphocytes giving a "starry-
sky" appearance. (Original magnification, ×400.) 



 

Figure 183-3 Hodgkin's lymphoma of the nodular sclerosing subtype. A mixed population of lymphocytes, histiocytes, and plasma cells along with binucleated Reed-Sternberg cells (arrows) are present. (Original magnification, ×480.) 

 

TABLE 183-5 -- INTERGROUP RHABDOMYOSARCOMA STUDY CLINICAL GROUPING CLASSIFICATION USED IN IRS I THROUGH III

Group Definition

I Localized disease, completely resected

II Compromised or regional resections with microscopic residual disease

III Incomplete resection or biopsy with gross residual disease

IV Distant metastatic disease present at onset
 
 

TABLE 183-6 -- TNM PRETREATMENT STAGING CLASSIFICATION FOR IRS STUDY IV

Stage Sites T * Size Nodes † Metastases ‡ 

1 Orbit, head and neck (excluding parameningeal), GU (excluding bladder/prostate) T1 or T2 A or B N0 , N1 , or NX M0 

2 Bladder/prostate, extremity, cranial parameningeal sites, other (includes trunk, 
retroperitoneum)

T1 or T2 A N0 or NX M0 

3 Bladder/prostate, extremity, cranial parameningeal T1 or T2 B N0 , N1 , or Nx M0 

4 All T1 or T2 A or B N0 or N1 M1 
*Tumor: T1 , confined to anatomic site of origin; T2 , extension or infiltration into surrounding tissue (A ≤5 cm in diameter; B >5 cm in diameter). 
†Nodes: N0 , no evidence of regional lymph node involvement; NX , the minimum requirements to assess regional lymph node involvement cannot be met; N1 , evidence of regional lymph node involvement. 
‡Metastases: M0 , no evidence of distant metastases; M1 , evidence of distant metastases. 

 
 
 
degree of local extension and the status of the primary echelon nodes. To address these shortcomings, the IRSC now utilizes the TNM classification that is similar to one used to characterize disease extent in adults with solid tumors ( Table 
183-6 ).

Management

Multimodal, multiagent therapy is the mainstay of management of RMS, along with surgical removal or biopsy and radiotherapy for local control. Several different chemotherapeutic agents are used, with appropriate selections based on the 
initial extent of disease and its site of origin. During the 1980s and 1990s, cisplatin, etoposide, and dacarbazine have been used in combination for RMS. Other agents used include ifosfamide and either etoposide or doxorubicin for new and 
recurrent RMS. IRS-IV looked at combinations of these drugs; for metastatic RMS, it found that the combination of ifosfamide and doxorubicin improved outcome.[113] Some children, like those with orbital RMS, require less intensive, two- 
or three-drug therapy and do well. In contrast, children with metastatic disease require extremely intensive therapy and still do poorly. Although they respond to initial chemotherapy, 75% relapse within 18 to 24 months.[66] To improve this 
outcome, efforts are ongoing to develop new active chemotherapeutic agents and to use dose-intensifying regimens with hematopoietic growth factors or autologous hematopoietic progenitor cells.

Radiotherapy is required to eradicate residual tumor cells at the primary site or to treat gross persistent disease. Guidelines for dosage and radiation fields evolved during the IRS I, II, and III. Local control is achieved in 80% to 90% of 
children using
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4000 to 4500 cGy for microscopic residual disease and 4500 to 5000 cGy for tumors larger than 5 cm.[83] Prophylactic irradiation of clinically uninvolved regional nodes is unnecessary. With parameningeal tumors, 4500 to 5500 cGy is 
required. If there is overt parenchymal, meningeal, or cerebrospinal fluid involvement, whole-brain irradiation and intrathecal chemotherapy are indicated. [46] [83] Hyperfractionation was evaluated in IRS IV as an approach to maintain local 
control rates and to reduce late side effects. Hyperfractionation did not result in significant improvement in local disease control over conventional radiation therapy.[37] Radiation therapy guidelines in IRS V have been simplified with the 
basic emphasis being on reducing the dose of radiation for most patients. This is being accomplished in conjunction with delayed surgical resection of alveolar type tumors or initially unresectable tumors in anatomically unfavorable sites. 
With the refinement of aggressive craniofacial and intracranial surgical techniques that minimize postoperative morbidity, surgery is playing a more important role in selected patients with head and neck RMS. Specifically, if an RMS tumor 
can be completely resected, the patient can avoid radiotherapy and its long-term complications, with no compromise in survival. Patients who are able to have complete removal of their tumors fare much better than those in whom gross 
residual is left behind. Complete 

 
Figure 183-4 Embryonal rhabdomyosarcoma. The cells show a mixture of shapes but a spindled or elongated morphology is evident overall. Strap cells (arrows), which resemble primitive muscle cells and are classically described in 
rhabdomyosarcomas, are easily seen in this example but may be difficult to identify in some cases. Immunohistochemical staining for muscle-specific markers can be useful in these instances. (Original magnification, ×350.) 

 

TABLE 183-7 -- AMERICAN JOINT COMMITTEE ON CANCER STAGING PROTOCOL OF SOFT-TISSUE SARCOMAS

Stage Grade Tumor * Nodes † Metastases ‡ 

IA 1 1 0 0

IB 1 2 0 0

IIA 2 1 0 0

IIB 2 2 0 0

IIIA 3 1 0 0

IIIB 3 2 0 0

IVA 1 = n3 1 = n2 1 1

IVB 1 = n3 1 = n2 0 = n1 1

HISTOLOGIC GRADING SYSTEM:

Grade 1 Grade 2 Grade 3

Myxoid and well-differentiated liposarcomas Sarcomas not specifically 
included in grade 1 or 3

Pleomorphic round-cell liposarcoma

Deep-seated dermatofibrosarcoma protuberans  Mesenchymal chondrosarcoma

Well-differentiated fibrosarcoma  Extraskeletal osteosarcoma

Well-differentiated and infantile hemangiopericytoma  Malignant Triton tumors

Well-differentiated peripheral nerve sheath tumor  Alveolar soft-part sarcoma

Extraskeletal myxoid chondrosarcoma  Sarcomas not in grade 1 with >15% necrosis or with >4 mitoses/10 high-power fields (40×)

Angiomatous malignant fibrous histiocytoma  Marked atypia or cellularity
*Tumor: 1 ≤ 5 cm; 2 ≥ 5 cm. 
†Nodes: 0, no regional node involvement; 1, regional nodes involved with tumor. 
‡Metastases: 0, none; 1, distant disease. 

 
 
 
children, survival is lower, and the impact of multimodal therapy is not obvious. Management requires wide local excision to optimize the chances of survival. The absence of a true capsule makes intraoperative assessment of the degree of 
tumor spread difficult.



The excised mass is typically gray-tan with hemorrhagic and necrotic areas.[29] Composed mostly of spindle-shaped fibroblasts or myofibroblasts with scanty cytoplasm, histologic grading is possible based on degree of cellularity, cellular 
maturity, and amount of collagen production ( Figure 183-5 ). Cytogenetic studies have shown an association with trisomies of chromosomes 8, 11, 17, and 20.[1] [79] 

Dermatofibrosarcoma Protuberans

DFSP is a nodular cutaneous tumor with a high propensity for local recurrence after simple excision. It usually appears as a firm, solitary, flesh-colored nodule, although multiple masses or an area of induration can occur. The trunk is the 
favored site of involvement, followed by the extremities and the head and neck, especially the scalp and supraclavicular fossa.[81] 

Approximately 12% of affected persons are older children,[81] but DFSP has been diagnosed in patients younger than 10 years of age. Time to diagnosis may exceed 2 years, with size at diagnosis up to 2 cm. Management requires wide 
excision for a successful long-term outcome, reflecting the "pseudocapsule" and finger-like extensions of DFSP. With surgical margins less than 2 cm, recurrence rates approximate 40%; with margins larger than 2 cm, recurrence rates drop 
to 25%; and with margins larger than 3 cm, few recurrences are reported.[11] [111] However, given the regional anatomy of the head and neck, achieving a 2.5- to 3-cm margin can be difficult. Even with Mohs' technique, extensive surgery may 
be required.[84] Although local recurrence rates of 50% to 70% are reported, with repeated procedures, 90% of affected patients can be rendered free of disease.[5] There is no consensus regarding the cell of origin of DFSP. The primary mass is 
usually grossly encapsulated and well circumscribed, although it can send multiple
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Figure 183-5 Fibrosarcoma. Discrete fascicles of spindle cells form intersecting patterns, sometimes producing a herringbone effect. (Original magnification, ×200.) 

 

Figure 183-6 Dermatofibrosarcoma protuberans. This intermediate-grade malignancy is in the group of fibrohistiocytic tumors. Many of the tumors in this group have plump spindle cells arranged in patterns frequently described as 
cartwheel, whorling, or storiform (from the Latin "storea"—a rush mat) because of its woven appearance. (Original magnification, ×275.) 

 

Figure 183-7 Epithelioid sarcoma. This unusual tumor is composed of epithelial-like cells that have polygonal-shaped cytoplasm. Necrosis (arrow) in the center of the nodules is characteristic. The lower-power view (inset) reveals a distinct 
nodular appearance. (Original magnification, ×400; low-power inset, original magnification, ×5.) 

 

TABLE 183-8 -- CLINICAL CRITERIA FOR STAGING OF NEUROBLASTOMA

Stage Evans Stage Pinkel/St. Jude

I Confined to the organ or structure of origin I Localized, completely resected tumor

II Extension in continuity beyond the organ or structure of origin but not crossing the midline IIA Localized, resected tumor with residual microscopic disease



III Extension in continuity beyond the midline IIB Localized tumor partially or not resected

IV Remote disease (skeleton, organs, soft tissue, distant lymph node groups) IIIA Regional or systemic spread of disease without involvement of bone or bone marrow

IV-S Otherwise class I or II except for remote disease confined to the liver, skin, or bone marrow IIIB Same as IIIA with single, localized destructive lesion of bone

  IIIC Generalized tumor in bone, bone marrow, or both
 
stage patients uniformly for clinical trials and biologic studies. The staging system is based on clinical experience with neuroblastoma, reflecting the degree of tumor burden, surgical resectability, and the pattern of metastatic spread (see 
Table 183-8 ).

Several genetic markers have been identified in neuroblastoma tumors correlating with clinical course, but which are the best predictors has yet to be studied in large numbers of patients. These markers include tumor cell DNA index, MYCN 
gene copy number, allelic loss of 1p, and unbalanced gain of 17q. MYCN amplification occurs in about 25% of primary neuroblastomas and amplification is associated with advanced stage and poor prognosis. Tumor markers such as 
catecholamine metabolites, ferritin, neuronspecific enolase, lactate dehydrogenase, and the disialoganglioside GD2 are helpful in diagnosis and disease monitoring, but have largely been replaced by genetic markers (e.g., MYCN amplification) 
for risk stratification.[13] The frequency of abnormal elevations depends on disease burden and therefore hampers detection of neuroblastoma at an early stage. Catecholamines and their metabolites (vanillylmandelic acid, homovanillic acid, 
and dopamine) are elevated in 90% to 95% of children with neuroblastoma and have been very successfully developed by the Japanese for use in urine screening programs despite high false-negative rates.[116] Tests on 115,000 infants suggest 
that the majority of neuroblastomas can be discovered before the age of 1 year, when prognosis is most favorable.[116] 

Management

Management of neuroblastoma is determined by the stage of disease and sites of involvement. Patients are stratified into low-, intermediate-, and high-risk groups based on the various prognostic variables
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available (age at diagnosis, INSS stage, tumor histopathology, DNA content of the tumor, and MYCN amplification). Treatment of stage I neuroblastomas consists of surgical removal. Chemotherapy is the main modality of treatment in 
intermediate- and high-risk patients. Radiation therapy is also used, but its role is in evolution. In the head and neck, surgical intervention most commonly implies excisional biopsy for stage II, III, or IV. A cervical sympathetic ganglion is 
usually involved and is resected. Adjacent, enlarged nodes should also be removed, although a formal radical neck dissection is not required.[95] In cases in which complete resection would cause unacceptable morbidity, a second surgical 
procedure can be planned 12 to 24 weeks after completion of chemotherapy. [121] Unfortunately, despite the large number of chemotherapeutic agents that are active in newly diagnosed patients, long-term remission remains elusive for children 
older than 1 year of age with INSS stage IV disease (approximately 45% of all children with neuroblastoma).

Histopathology and Molecular Biology

Grossly, neuroblastoma is a discrete solid mass with well-circumscribed contours. Coagulative necrosis 

 
Figure 183-8 Neuroblastoma. Small blue cells characterize this neoplasm. The differential diagnosis of "small blue cell" tumors in children also includes lymphoma and peripheral neuroectodermal/tumor Ewing's sarcoma. Other tumors can 
also be considered in this group. Neuroblastoma can be differentiated by its relatively uniform cell appearance and neurofibrillary material between the cells. Pseudorosettes (Homer-Wright) are illustrated (arrow), but are often not seen. 
Immunohistochemical marking and electron microscopy can be useful to demonstrate neural-associated proteins or neural-associated structures (e.g., neurosecretory granules). (Original magnification, ×425.) 

 

Figure 183-9 Mucoepidermoid carcinoma. Mucous-producing and squamous tumor cells are the prime histologic components of mucoepidermoid carcinomas. Mucous cells containing rounded intracytoplasmic mucous droplets are evident 
along with pavement-like squamous cells with distinct cellular boundaries. Larger cysts containing mucus are also present. (Original magnification, ×320.) 

 



Figure 183-10 Acinic cell carcinoma. Tumor cells appear similar histologically to normal acinar unit cells, but their lack of arrangement of organization into functional units helps in differentiation. These cells have a granular appearance, 
and some show large basophilic granules. Microcystic changes are seen in this case. (Original magnification, ×420.) 

 

TABLE 183-9 -- INTERNATIONAL NEUROBLASTOMA STAGING SYSTEM

Stage Description

1 Localized tumor with complete gross resection, with or without microscopic residual disease; representative ipsilateral lymph nodes negative for tumor microscopically (nodes attached to and removed with the primary 
tumor may be positive).

2A Localized tumor with incomplete gross excision; representative ipsilateral nonadherent lymph nodes negative for tumor microscopically.

2B Localized tumor with or without complete gross excision, with ipsilateral nonadherent lymph nodes positive for tumor. Enlarged contralateral lymph nodes must be negative microscopically.

3 Unresectable unilateral tumor infiltrating across the midline, with or without regional lymph node involvement; or localized unilateral tumor with contralateral regional lymph node involvement; or midline tumor with 
bilateral extension by infiltration (unresectable) or by lymph node involvement.

4 Any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, skin, or other organs (except as defined for stage 4S).

4S Localized primary tumor (as defined for stages 1, 2A, or 2B), with dissemination limited to skin, liver, or bone marrow (limited to infants aged <1 year).
 
rate of malignant transformation. In contrast, death in neonates usually results from respiratory obstruction as a result of lesion bulk and location. Malignant degeneration is much less common, although it does occur.

Rothschild and others[112] described seven neonates with teratomas that metastasized to the cervical nodes, lungs, and liver. The metastatic deposits were composed of either mature glial tissue or a mixture of mature and immature elements. 
Differentiation suggests that the presence of metastases does not necessarily portend a bleak prognosis.[9] This is an impression also supported by Rothschild and others,[112] who found that death in only one patient with metastases

4203

 
TABLE 183-10 -- TERATOMA TYPES

Type * Cases (%) Hydramnios (%) Mortality (%)

I 12.4 56 100

II 45.6 23 43.4

III 17.1 •8.1 2.7

IV 14.3 •- 3.2

V 10.6 •- 43.5
*I, moribund neonate or stillborn infant; II, neonate with respiratory distress; III, neonate without respiratory distress; IV, child 1 month to 18 years of age; V, adult. 

 
 
 
was secondary to metastatic disease. Benign teratomas arising in the paranasal sinuses are extremely rare, and all of the malignant lesions of the sinonasal tract have occurred in adults.[7] 

Management

The recommended management for head and neck teratomas is surgical excision. When a neonate is experiencing respiratory difficulty, the first priority should be stabilization of the airway. In utero diagnosis of a large cervicofacial 
teratoma will allow time for perinatal planning of the ex utero intrapartum treatment, to secure the infant's airway before the maternal-fetal circulation is divided.[133] 

 
Figure 183-11 Teratoma. Multiple cell types in a haphazard arrangement are evident in this low-power view showing squamous cells (open arrow), mucous-containing goblet cells (curved arrow) lining a cyst, and smooth muscle cells (solid 
straight arrow). (Original magnification, ×50.) 



 

TABLE 183-11 -- CLASSIFICATION OF CHILDHOOD HISTIOCYTOSES

Class I Class II Class III

Dieases included: Langerhans' cell histiocytosis IAHS * ; FEL † ; grouped together as the hemophagocytic 
lymphohistiocytoses (HLH)

Malignant histiocytosis; acute monocytic leukemia; true histiocytic lymphoma

Cellular characteristics of the lesions: Langerhans' cells with cleaved nuclei 
and Birbeck granules seen on electron microscopy; cell surface antigens 
include S100 and CD1a; cells mixed with varying proportions of 
eosinophils; multinucleated giant cells sometimes seen

Morphologically normal, reactive macrophages with prominent 
erythrophagocytosis; process involves entire reticuloendothelial 
system

Neoplastic cellular proliferation of cells exhibiting characteristics of macrophages or 
dendritic cells or their precursors; localized or systemic

Proposed pathophysiologic mechanisms of the histiocytoses: Immunologic 
stimulation of a normal antigen-presenting cell—the Langerhans' cell—in an 
uncontrolled manner

Histiocytic reaction secondary to an unknown antigenic stimulation 
(FEL) or to an infectious agent (IAHS), with erythrophagocytosis 
possibly reflecting foreign antigens adsorbed on erythrocytes or 
activation of macrophages by excess lymphokine production because 
of abnormal immunoregulation

Neoplasm; clonal autonomous uncontrolled proliferative process

*Infection-associated hemophagocytic syndrome. 
†Familial erythrophagocytic lymphohistiocytosis. 

 
 
 
lesions may be purely histiocytic, or a mixture of histiocytes and eosinophils.

Clinical Presentation and Evaluation

The clinical presentation varies from an asymptomatic lytic bone lesion found incidentally on radiographs taken for another reason, to generalized symptoms such as diabetes insipidus, fever, or weight loss. The first step in the evaluation and 
management of a patient with such a lesion must include a biopsy of the involved tissue. Care must be taken with the biopsy because Langerhans' cells with Birbeck granules can be found in normal skin also. Pathologically, the diagnosis can 
be confirmed by Birbeck granules on electron microscopy, or by CD1a-positive staining in lesional cells. S100 immunostaining is also present in LCH cells and not on normal histiocytes. Once the lesion is identified as being in the 
histiocytosis family, the workup should include a complete blood count, skeletal survey, a CT scan of the head, liver function tests, coagulation studies, and urine osmolality after water deprivation. The classic lesion of LCH is the lytic bone 
lesion. Monostotic bone disease (formerly known as eosinophilic granuloma) clearly has a better prognosis than polyostotic bone disease (formerly
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known as Hand-Schüller-Christian disease). The fulminant presentation, formerly known as Letterer-Siwe disease, is most commonly seen in infants younger than 2 years of age.

Treatment

Class I histiocytoses can be treated with curettage, excision, intralesional steroids, systemic steroids, or low-dose radiotherapy. Curiously, single monostotic lesions often regress spontaneously after biopsy, curettage, or steroid injection. If a 
single lesion is not resolving and is threatening a vital structure, low-dose radiotherapy can be curative, in the range of 500 to 800 cGy. The role of chemotherapy is reserved for multisystem involvement and widespread disease. The agents 
used are vinblastine or etoposide, with or without steroids. In general, the poor prognosis groups are children younger than 2 years of age, and children with organ dysfunction (liver, bone marrow, lungs). Unfortunately, little gain has been 
obtained in the treatment of the 15% of LCH cases that are resistant to treatment or progress in a fulminant fashion. In an effort to optimize therapy for disseminated LCH, the Histiocyte Society opened a prospective, randomized treatment 
study in 1991, LCH-1. LCH-1 showed that vinblastine and etoposide are equivalent drugs in terms of response, toxicity, survival probability, probability of disease reactivation, and sequelae.[45] LCH-1 also identified lack of rapid response to 
treatment (less than 6 weeks) as another poor prognostic indicator. Other experimental treatment approaches include bone marrow transplantation, and 2-chlorodeoxyadenosine (an antimetabolite) for severe cases.

Class II histiocytoses, infection-associated hemophagocytic syndrome and familial erythrophagocytic lymphohistiocytosis (FEL), are diseases of the mononuclear phagocytic cell series, excluding Langerhans' cells (see Table 183-11 ). The 
histiocytic reaction in these disorders is presumed to be from an underlying pathogenic process. FEL is usually rapidly fulminant and fatal, despite chemotherapy. Because the cells causing this disease are benign, it is not surprising that 
chemotherapy is not usually successful. Bone marrow transplantation is currently being studied in a controlled study and the initial results have been encouraging. Class III histiocytoses are the only malignant histiocytoses (see Table 183-
11 ). There are three types: acute monocytic leukemia, malignant histiocytosis, and true histiocytic sarcoma. These diseases are treated with systemic chemotherapy.

SEQUELAE OF MANAGEMENT



The morbidity of managing head and neck cancers in children must be measured not during a 5- to 10-year interval but throughout a lifetime of more than 70 years. As cure rates improve, therapy must be refined to optimize growth potential 
and fertility and minimize the risk of second malignancies without sacrificing the primary goal of tumor eradication. The immediate sequelae of radiotherapy to the head and neck are similar in both children and adults. Acutely, mucositis, 
otitis externa, and alopecia are common. Subacutely, somnolence develops in about one-third of children who receive whole-brain radiation. Transient demyelination can also occur and lead to a sensation of electric shocks at various levels 
below the neck that are elicited by flexion of the head or torso (Lhermitte's syndrome). Late effects include problems with transverse myelopathy, sensorineural hearing loss, endocrinopathies, and normal development of irradiated structures.
[63] 

Most disheartening of all is the possibility of a second malignancy. This risk is not insubstantial: children who have survived one malignancy are 10 to 20 times more likely to develop another cancer than is the general population. [87] Looking 
at it another way, the risk of a second malignancy in long-term survivors (5 years) of all forms of childhood cancer appears to be 2% to 3%.[59] Contributing factors include radiotherapy, chemotherapy, age at treatment, and genetic 
susceptibility. Especially vulnerable are children previously treated for retinoblastoma and survivors of HL who receive mantle irradiation. Reported tumors include acute leukemias; bone and soft-tissue sarcomas; and carcinomas of the skin, 
breast, thyroid, and salivary glands. [64] 

Because children can tolerate greater doses or greater dose intensities of irradiation than adults, they also are at higher risk for delayed or chronic toxicities that become evident years after treatment. Growth retardation is found in about one-
third of pediatric brain tumor survivors, and in about 10% of pediatric leukemia survivors. Children treated at an age younger than 5 years with irradiation for brain tumors are especially susceptible to the linear growth retardation. 
Musculoskeletal problems such as scoliosis, avascular necrosis of bone, and osteoporosis are seen in about one-third of pediatric cancer survivors, secondary to irradiation or steroid use, especially dexamethasone. Dental problems with 
arrested tooth development or malocclusion and caries, is seen commonly with radiotherapy to the facial or pharyngeal areas. Learning problems and neuropsychological problems are seen with cranial irradiation especially to children 
younger than 36 months of age. Radiation to the neck can also cause thyroid dysfunction as a late effect.

Most radiation-induced second neoplasms occur more than 15 years after management of the first. Unfortunately, as length of follow-up increases, so
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too does risk.[78] Among chemotherapeutic agents, cyclophosphamide has been implicated in the development of solid tumors. Etoposide, an epipodophyllotoxin that acts by inhibiting the enzyme topoisomerase II, has been implicated in the 
development of second leukemias. The sobering reality is that the management of primary malignancies of the head and neck in children is extremely toxic, and the burden of a successful outcome can be immense. Addressing these issues 
remains the challenge for the twenty-first century.
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Chapter 184 - DIFFERENTIAL DIAGNOSIS OF NECK MASSES

Ralph F. Wetmore 
William P. Potsic 

INTRODUCTION

The presentation of a neck mass in a pediatric patient has many diagnostic possibilities not normally encountered in an adult ( Figure 184-1a and Figure 184-1b ). Neoplastic disease, especially malignant, is the primary consideration in the 
evaluation of a neck mass in an adult. In contrast, diagnosis of a pediatric neck mass can be categorized, depending on the location, growth factors, and the child's age. The possibility of malignancy should always be considered in the 
differential diagnosis in pediatric patients; however, it is not as overriding a concern as in adults.

The two major categories of pediatric neck masses include congenital and acquired lesions. Congenital masses have a high incidence (>50% in some series [51] ), which initially differentiates them from acquired masses. The primary type of 
acquired masses is inflammatory (acute and chronic), which further narrows the differential diagnosis. Benign and malignant lesions are rare in the pediatric patient.

The approach to the child with a neck mass depends on the history and physical examination. Radiographic and laboratory studies may prove helpful, but some masses require surgical biopsy to establish the diagnosis. Thus, the pediatric 
neck mass often poses a challenge to the surgeon.

HISTORY

In the evaluation of a pediatric patient with a neck mass, a detailed history alone can often exclude many lesions in the differential diagnosis. Consideration of temporal relationships can often prove helpful. A history of infection elsewhere in 
the patient or recent travel or exposure to farm animals may suggest an infectious origin. Preceding trauma may signal a hematoma, whereas an increase in the size of the mass or pain with eating may point to a salivary gland problem. 
Exposure to drugs such as phenytoin may also be contributory.

The growth characteristics of the neck mass are important. Slow growth suggests a benign process, whereas rapid enlargement occurs with infectious or malignant lesions. Some masses fluctuate in size (e.g., hemangiomas increase in size 
with straining and crying). Fever, weight loss, night sweats, or fatigue suggest a malignant process.

PHYSICAL EXAMINATION

In the evaluation of a child with a neck mass, comprehensive head and neck evaluation is essential. Clues to the pathogenesis of the neck mass may be found anywhere in the head. Likewise, a total physical examination should be performed 
with special attention to other lymph node groups, such as the axillae and groin. Palpation for an enlarged spleen should always be attempted.

Infants frequently have small palpable lymph nodes in the posterior cervical region, whereas older children have palpable nodes in the anterior cervical, posterior cervical, and submandibular regions. Any node >2 cm in diameter falls outside 
the range of these normal hyperplastic nodes and should be evaluated further.

In examination of abnormal lymph nodes or a neck mass, the location is important for determining the site of the precipitating infection or the primary source of a malignant neoplasm. For example, infection in the nasopharynx tends to drain 
into the posterior cervical region, whereas tonsillitis may cause enlargement in the anterior cervical region. Moussatos[40] and Putney[43] noted an increased incidence of malignancy in the posterior cervical triangle; in contrast, Torsiglieri and 
others[51] reported an increased incidence in the supraclavicular region.

The consistency of a neck mass is frequently helpful in categorizing the mass. For example, hard masses tend to occur with infection or a malignant process.

4211

 
Figure 184-1a A to C, Algorithms for the differential diagnosis of neck masses. 



 

Figure 184-1b 

 

Figure 184-2 A typical branchial cleft cyst is an epithelium-lined cyst filled with mucoid material. This cyst presents along the anterior border of the sternocleidomastoid muscle. 



 

Figure 184-3 First branchial derivatives present as a pit or a mass near the angle of the mandible (arrow). They frequently originate in or near the external canal and, during their course, involve the facial nerve. 

 

Figure 184-4 Axial computed tomography of the neck shows a branchial cleft cyst in the hypolucent area (arrow). 

 

Figure 184-5 Thyroglossal duct cysts are often found in the midline of the neck at or near the hyoid bone. 

 

Figure 184-6 Lymphangiomas of the neck may cause significant cosmetic deformity and may impair respiration or alimentation. 



 

Figure 184-7 Magnetic resonance imaging with contrast shows an enhancing vascular lesion in the posterior neck consistent with a hemangioma (arrow). 

 

Figure 184-8 Computed tomography shows a large teratoma cyst in a newborn that severely compromised the respiratory tract and required a tracheostomy. 

 

Figure 184-9 A large dermoid cyst presents in the midline of the submental region. 

 

Figure 184-10 Magnetic resonance imaging (sagittal view) shows a large dermoid cyst in the submental region just deep to the tongue (arrow). 

 

Figure 184-11 Magnetic resonance imaging of an infant with congenital torticollis shows enlargement of the sternocleidomastoid muscle (arrow). 



 

Figure 184-12 A firm mass in the midportion of the sternocleidomastoid muscle is seen in an infant with congenital torticollis. 

 

Figure 184-13 Computed tomography with contrast shows a neck abscess in the submandibular triangle (arrow). Abscess formation is characterized by hypolucency and rim enhancement. 

 

Figure 184-14 Atypical mycobacterial infection frequently involves the submandibular triangle and preauricular regions. 

 

Figure 184-15 Magnetic resonance imaging of the neck shows Hodgkin's disease presenting in the posterior cervical region (arrow). 
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Chapter 185 - CONGENITAL DISORDERS OF THE LARYNX

Anna H. Messner 

INTRODUCTION

Stridor is the hallmark of any laryngeal obstruction. Much can be learned about the nature of the laryngeal problem by closely observing the infant and listening to the noise produced as air passes through the obstruction. Stridor resulting 
from supraglottic or glottic obstruction is typically present on inspiration, whereas biphasic stridor originates from obstruction at or below the level of the glottis in the upper trachea. Expiratory stridor is the result of lesions in the distal 
trachea or mainstem bronchi.

Dynamic evaluation of the larynx by flexible laryngoscopy is best performed in the patient who is awake. Although at least a 2.5-mm diameter fiberoptic laryngoscope is recommended for optimal viewing, fiberoptic laryngoscopes with 
diameters as small as 1.9 mm allow the neonatal larynx to be viewed with a minimum of trauma to the young patient. Direct laryngoscopy of the neonatal larynx with a telescope or microscope provides the best optics ( Figure 185-1 ). To 
fully evaluate the larynx, the endoscopist should note findings in the vallecula, piriform fossae, postcricoid region, arytenoids, interarytenoid area, aryepiglottic folds, epiglottis, false vocal cords, ventricles, true vocal cords, and the subglottis.

LARYNGOMALACIA



Without question, the most common cause of stridor in infants is laryngomalacia. The newborn typically will develop intermittent, inspiratory, low-pitched stridor within the first 2 weeks of life, which resolves slowly over several months. 
The median time to spontaneous resolution of stridor is 9 months of age, and 75% will have no stridor by 18 months of age.[77] Infrequently, the laryngomalacia is severe, resulting in feeding difficulties, failure to thrive, apnea, pectus 
excavatum, or cyanosis. In these cases surgical intervention is recommended to prevent cardiac failure.[77] [84] [87] [106] 

The inspiratory stridor of laryngomalacia results from collapse of the supraglottic larynx, creating a narrow airway and turbulent airflow ( Figure 185-2 ). The cause of this collapse is unknown. An omegashaped epiglottis is often associated 
with laryngomalacia but can also be found in otherwise normal infants with no airway obstruction. Some authors believe that the supraglottic cartilaginous structures are weak, whereas others think a neuromuscular "immaturity" exists within 
the supraglottis leading to laryngeal hypotonia.[7] [58] There is no evidence of histologic abnormality. The stridor of mild laryngomalacia often will improve with crying as tone in the pharynx is increased. Conversely, in severe laryngomalacia 
the stridor typically will worsen with crying because of the increased airflow through the severely collapsed larynx. Laryngomalacia may be an isolated finding in the otherwise healthy infant or may be associated with other neurologic 
disorders such as cerebral palsy.

In several series, a high prevalence of gastroesophageal reflux disease (GERD) has been reported in patients with laryngomalacia (50%–100%). [67] [84] [88] [105] When present, GERD can cause airway edema and thus contribute to the airway 
compromise. Children with laryngomalacia should be evaluated for GERD and if airway surgery is needed, care should be taken to control GERD before surgery to avoid GERD-induced delayed healing.[105] Mild GERD may improve with the 
treatment of laryngomalacia when the negative intrathoracic intraesophageal pressures decrease. Conversely, treatment of GERD may improve laryngomalacia as acid ceases to irritate the larynx and edema resolves.[88] In the child with GERD 
related to airway obstruction, the GERD can be expected to improve significantly after aryepiglottoplasty.[44] 

Evaluation

Laryngomalacia can best be diagnosed with a flexible fiberoptic laryngoscopy in a patient who is awake. If the patient is sedated and undergoes flexible fiberoptic bronchoscopy, the topical lidocaine typically used can cause increased 
collapse of the arytenoids and
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Figure 185-1 Normal infant larynx. Anatomic areas to be examined include: epiglottis, vallecula, piriform sinuses, arytenoid cartilages, interarytenoid area, aryepiglottic folds, false vocal cords, ventricles, true vocal cords, anterior 
commissure and subglottis. (From Benjamin B: The pediatric airway, slide #2, Slide Lecture Series. American Academy of Otolaryngology-Head and Neck Surgery, 1992.) 

 

Figure 185-2 A to D, Laryngomalacia: Progressive airway obstruction on inspiration. Note omega-shaped epiglottis. (From Benjamin B: The pediatric airway, slide #26, Slide Lecture Series. American Academy of Otolaryngology-Head and 
Neck Surgery, 1992.) 

 

Figure 185-3 A and B, Laryngomalacia: infant larynx pre- and post-supraglottoplasty. 



 

Figure 185-4 Interarytenoid web. (From Benjamin B: The pediatric airway, slide #32, Slide Lecture Series. American Academy of Otolaryngology-Head and Neck Surgery, 1992.) 

 

Figure 185-5 Anterior glottic web. Patient presented with chronic hoarseness and mild stridor. (From Benjamin B: The pediatric airway, slide #31, Slide Lecture Series. American Academy of Otolaryngology-Head and Neck Surgery, 1992.) 



 

Figure 185-6 Mild anterior glottic web. Patient presented with a quiet voice that improved after division of the web. (From Benjamin B: The pediatric airway, slide #30, Slide Lecture Series. American Academy of Otolaryngology-Head and 
Neck Surgery, 1992.) 

 

Figure 185-7 Laryngeal atresia. (From Benjamin B: The pediatric airway, slide #33, Slide Lecture Series. American Academy of Otolaryngology-Head and Neck Surgery, 1992.) 

 

TABLE 185-1 -- SYNDROMES ASSOCIATED WITH CONGENITAL LARYNGEAL ANOMALIES

Laryngeal Anomaly Chromosome Affected Associated Syndromes Other Associated Anomalies

Laryngeal web 22q11 Velocardiofacial Cardiac anomalies

  DiGeorge Cleft palate-velopharyngeal insufficiency

  Conotruncal face Hypocalcemia

   Abnormal facies

Laryngotracheal cleft or bifid epiglottis GLI3 Pallister-Hall (congenital hypothalamic 
hamartoblastoma)

Polydactyly

   Pituitary dysfunction

   Imperforate anus



   Hamartoblastomas

Laryngotracheal cleft or hypoplastic epiglottis  Opitz-Frias Hypertelorism

   Cleft palate-cleft lip

   Intracranial anomalies

   Hypospadias

   Bifid scrotum, uvula, tongue
 
 
Figure 185-8 Congenital subglottic stenosis. (From Benjamin B: The pediatric airway, slide #28, Slide Lecture Series. American Academy of Otolaryngology-Head and Neck Surgery, 1992.) 

 

Figure 185-9 Left posterior subglottic hemangioma. 

 

Figure 185-10 A and B, Vallecular thyroglossal duct cyst. Pre- and post-marsupialization. 
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LARYNGEAL CYSTS

Saccular cysts and laryngoceles are unusual causes of respiratory obstruction in children. The anterior-superior portion of the laryngeal ventricle leads to a pouch of mucous membrane called the saccule. The saccule rises superiorly between 
the false vocal cord, the base of the epiglottis, and the inner surface of the thyroid cartilage. Scant muscle surrounds the saccule, compressing it to express its secretions on the vocal folds. Laryngoceles (abnormal dilation or herniation of the 
saccule) can be internal, confined to the interior of the larynx and extending posterosuperiorly into the area of the false vocal cord and aryepiglottic fold, or laryngoceles can be external, passing through the thyrohyoid membrane and 
presenting as a mass in the neck ( Figure 185-11 ). If both an internal and external component are present, the laryngocele is termed a combined laryngocele. The radiographic finding of an air-containing rounded mass in the neck or 
supraglottic region, sometimes with air-fluid levels, confirms the presence of a laryngocele.[20] 

Saccular cysts result from the obstruction of the laryngeal saccule orifice, or the collecting ducts of the submucosal glands located around the ventricle produce the saccular cysts. Saccular cysts may be anterior, protruding between the 
anterior and posterior vocal cords, or lateral, extending into the false vocal cord and aryepiglottic fold ( Figure 185-12 and Figure 185-13 ). Laryngoceles produce intermittent upper airway obstruction and hoarseness because of episodic 
filling with air, whereas saccular cysts produce constant symptoms because of mucoid fluid within the cyst. Diagnosis is made at the time of flexible or direct laryngoscopy. Other laryngeal lesions, such as laryngeal duplication cysts, 



hamartomas, choristomas, and teratomas, can present with similar symptoms and appearance.[4] [19] [31] [76] 

Typically, treatment of the cysts involves endoscopic marsupialization of the cyst, most commonly with the CO2 laser so that the back wall of the cyst can be ablated. Recurrence after marsupialization of a posterior saccular cyst is common, 
often necessitating several endoscopic procedures.[24] Tracheotomy may be required and subglottic stenosis is a potential complication of the treatment. Alternatively, removal of the cyst can be achieved via a lateral cervical approach through 
the thyrohyoid membrane.[101] 

LARYNGEAL-LARYNGOTRACHEOSOPHAGEAL CLEFT

Laryngeal cleft (LC) and laryngotracheoesophageal clefts (LTEC) are rare congenital anomalies caused by failure of the posterior cricoid lamina to fuse and incomplete development of the tracheoesophageal septum ( Figure 185-14 ). This 
developmental failure leads to an abnormal communication between the posterior portion of the larynx and esophagus.

Presenting symptoms depend on the extent of the cleft. Small clefts involving only the interarytenoid musculature may be difficult to diagnose. They usually present with stridor and feeding problems, particularly aspiration, but occasionally 
can be asymptomatic.[95] The severity of symptoms typically increases with the extent of the cleft. Patients may have stridor because of anterior collapse of the posterior supraglotttic structures, hoarseness, recurrent pneumonia, and cyanotic 
episodes.

A majority of patients with LC and LTEC will have other congenital abnormalities, most commonly including tracheoesophageal fistula (TEF), esophageal atresia, congenital heart disease, cleft lip and palate, micrognathia, glossoptosis, 
laryngomalacia, and Opitz-Frias syndrome (see Table 185-1 ).[30] A tracheoesophageal fistula is present in approximately 25% of patients with an LC or LTEC and is an important negative indicator of possible failure of the surgical repair.[29] [30] 
[100] 

Evaluation

Diagnosis is made at the time of microdirect laryngoscopy where the interarytenoid mucosa is spread laterally to reveal the cleft larynx. Care must be taken specifically to look at and palpate the interarytenoid area, as the cleft may be missed 
if only a flexible bronchoscopy or direct laryngoscopy without palpation is performed. In the patient with a laryngeal cleft, bronchoscopy and esophagoscopy should also be performed and a biopsy of the esophagus considered if there is any 
evidence of gastroesophageal reflux. Other diagnostic tests often performed include barium swallow and chest x-ray to evaluate aspiration. Barium swallow will show spillover of barium from the esophagus into the trachea. High small clefts 
may be difficult to differentiate from high H-type tracheoesophageal fistulas.[20] 

In a group of 20 children, the average interarytenoid notch height relative to the vocal folds has been found to be approximately 3 mm.[91] In this study, a low interarytenoid notch height was found to be significantly correlated with laryngeal 
incompetence and aspiration.

Multiple classification schemes have been described, all based on the vertical length of the cleft ( Table 185-2 ) with none being predominately used at the current time.[5] [8] [29] [73] [80] In addition, submucous "occult" laryngeal clefts have been 
described.[47] [70] [98] The submucous laryngeal cleft consists of a posterior midline cartilage defect, with intact soft tissue including mucosa and interarytenoid muscle. It is associated with subglottic stenosis and typically is not identified unless a 
postmortem examination is performed.
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Figure 185-11 Laryngocele and saccular cysts. Sagittal and coronal views illustrate the anatomy of the laryngeal saccule and ventricle. Schematic coronal sections are taken through the anterior larynx at the level of the saccular orifice. A, 
Normal larynx; B, internal laryngocele; C, external laryngocele; D, combined laryngocele; E, lateral saccular cyst; F, anterior saccular cyst. (Adapted from Holinger L: Congenital laryngeal anomalies. In Holinger L, Lusk R, Green C, 
editors: Pediatric laryngology and bronchoesophagology, Philadelphia, 1997, Lippincott-Raven, pp 137–164.) 



 

Figure 185-12 Anterior (A) and lateral (B) saccular cysts. (From Benjamin B: The pediatric airway, slides #36 and 37, Slide Lecture Series. American Academy of Otolaryngology-Head and Neck Surgery, 1992.) 

 

Figure 185-13 CT scan of child with a lateral saccular cyst. 



 

Figure 185-14 Laryngotracheal cleft. (From Benjamin B: The pediatric airway, slide #34, Slide Lecture Series. American Academy of Otolaryngology-Head and Neck Surgery, 1992.) 

 

TABLE 185-2 -- LARYNGEAL AND LARYNGOTRACHEOESOPHAGEAL CLEFT CLASSIFICATION

Cleft Location Petterson Armitage Evans Benjamin/Inglis * Myer/Cotton * 

Laryngeal      

••Interarytenoid Type I Type IA Type I Type I LI

••Partial cricoid Type I Type IB Type II Type II LII

••Complete cricoid Type I Type IC Type II Type II LIII

Laryngotracheoesophageal      

••Into cervical trachea Type II Type II Type II Type III LTEI

••To intrathoracic trachea/carina Type III Type III Type III Type IV LTEII
*Most useful classification systems. 

 
 
 
Pallister-Hall syndrome (PHS), or congenital hypothalamic hamartoblastoma syndrome, is commonly associated with a bifid epiglottis.[78] Laryngoscopic examination of 26 subjects with PHS showed that 15 had a bifid or cleft epiglottis 
(58%). Other associated features of the syndrome include polydactyly, pituitary dysfunction, imperforate anus, and laryngotracheal cleft. It has an autosomal dominant inheritance pattern, with variable expressivity and is caused by a 
mutation in the GLI3 gene.[78] Because of the high incidence of hypothalamic-pituitary problems, all infants with a congenitally bifid epiglottis should undergo an MRI of the brain, an endocrine evaluation, and a genetics consultation.

SUMMARY



Congenital laryngeal anomalies cause a spectrum of airway difficulties. In laryngomalacia, the stridor is transient and in most cases will resolve spontaneously without intervention. Conversely, laryngeal atresia
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Figure 185-15 Benjamin/Inglis Stage III, Myer/Cotton Stage LTECI recurrent laryngotracheal cleft after two open attempts at repair. Note small mucosal bridge at proximal end of cleft and tracheotomy tube within the trachea. 
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Chapter 186 - MANAGING THE STRIDULOUS CHILD

David Albert 
Susanna Leighton 

INTRODUCTION

A stridulous child with airway obstruction demands prompt attention from parents, family doctors, pediatricians, neonatologists, otolaryngologists, and intensivists alike. None will ignore the sign and all will be relieved by its successful 



resolution.

There are many good reasons to treat these small patients with great respect. The history and examination are rarely sufficient for a firm diagnosis. So a child labeled as "congenital stridor" may, rarely, have a more sinister diagnosis. 
Deciding which patients to investigate further is sometimes difficult. Even after noninvasive investigations such as imaging, there may still be a number of possible diagnoses. Flexible endoscopy in the office is useful but gives little or no 
information beyond the glottis. The definitive diagnostic tool of laryngotracheobronchoscopy requires an experienced team of surgeon, anesthetist, and nursing staff, as well as highly specialized equipment. This is not available in all 
institutions. In the acute situation the infant airway can deteriorate rapidly. In a specialized unit this is rarely a problem with experienced anesthetists to intubate and surgeons to perform the rare emergent tracheotomy. In a pediatric ward or 
emergency room rapid deterioration can prove a real challenge to the staff.

This chapter aims to provide the reader with a way through the maze of diagnostic and therapeutic options to provide safe management for the infant and pediatric airway.

DEFINITION

Stridor is an abnormal or unwanted noise made by turbulent airflow in the airway. Most physicians exclude from this definition the snoring type of noise made by nasopharyngeal and oropharyngeal obstruction, which is usually termed 
stertor. Clinically, this latter type of noise can occasionally be produced by the supraglottic larynx, so a rigid differentiation between stridor and stertor is not only artificial but can wrongly limit the differential diagnosis ( Table 186-1, A , 
Table 186-1, B , and Table 186-1, C ). Stridor should suggest a stridulent or harsh and attacking sound but it may be soft and almost tuneful, though no less worrisome, despite its musical quality. Stridor may be characteristic of a particular 
pathology but is never diagnostic. The diagnosis can be confirmed with certainty only after endoscopy. This does not mean that every child with stridor requires endoscopy. The combination of a thorough history examination and limited 
investigation can, in some conditions (e.g., mild laryngomalacia), provide sufficient diagnostic probability to avoid initial endoscopy. The pre-endoscopy assessment, although important, can only be a guide to the type and degree of 
pathology discovered at endoscopy. In about 5% of cases a second pathology will be present. In most children seen in a secondary or tertiary referral center, endoscopy will be required and in most conditions is the gold standard. The notable 
exceptions to this are dynamic conditions such as vocal cord palsy and tracheobronchomalacia, which often prove difficult to confirm or exclude at routine endoscopy.

CHAPTER OVERVIEW

This chapter describes a current and safe approach to assessing and treating the airway of the stridulous child.

Assessment of the stridulous child involves a focused history and examination and then selected additional investigations, including imaging and endoscopy.

Management of airway obstruction is divided into those presenting acutely and the more usual presentation of slowly increasing stridor.

Acute onset of stridor typically occurs with laryngotracheobronchitis (croup), bacterial tracheitis, and (to a lesser extent these days) acute epiglottitis. Foreign body inhalation is often asymptomatic,
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TABLE 186-1a -- NASOPHARYNGEAL CAUSES OF AIRWAY OBSTRUCTION

Common Acquired Congenital

Neonates Neonates Choanal atresia

Neonatal rhinitis Syphilis Choanal stenosis

Choanal atresia/stenosis Neonatal rhinitis Midnasal stenosis

Craniofacial abnormalities  Piriform aperture stenosis

Micrognathia  Nasal glioma

  Encephalocele

Children Children Meningocele

Allergic rhinitis Allergic rhinitis Nasopharyngeal mass hairy polyp/teratoma

Adenoiditis Adenoiditis  

Adenotonsillar hypertrophy Adenotonsillar hypertrophy Craniofacial abnormalities with small nasopharynx

Foreign bodies Foreign bodies  

 Nonallergic rhinitis Micrognathia

 NARES (Nonallergic rhinitis with eosinophilia) ••Pierre Robin

  ••Treacher-Collins

 Retropharyngeal abscess Macroglossia

 Glandular fever ••Down syndrome

 Ludwig's angina ••Cystic hygroma

 Thermal and caustic burns ••Lingual thyroid



 
 

TABLE 186-1b -- LARYNGEAL CAUSES OF AIRWAY OBSTRUCTION

Common Acquired Congenital

Neonates Neonates Laryngomalacia

Laryngomalacia Intubation trauma Posterior laryngeal cleft

Intubation trauma Surgical trauma (e.g., laser) Vallecula cyst

Reflux laryngitis Laryngotracheal stenosis Laryngeal cysts

Laryngotracheal stenosis Arytenoid fixation Webs

Vocal cord palsy Reflux laryngitis Laryngeal atresia

  Laryngotracheal stenosis

Children Children Arytenoid fixation

Croup Epiglottitis Vocal cord palsy

Hemangiomas Croup  

Papillomatosis Bacterial tracheitis  

Intubation trauma Hereditary angioedema  

Vocal cord palsy Epidermolysis bullosa  

Papillomatosis Foreign bodies  

 Dislocated arytenoid  

 Intubation trauma  

 Fracture  

 Caustic and thermal burns  

 Hemangiomas  

 Cystic hygroma  

 Papillomatosis  

 Rhabdomyosarcoma  

 Wegener's  
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TABLE 186-1c -- TRACHEAL CAUSES OF AIRWAY OBSTRUCTION

Common Acquired Congenital

Neonates Neonates Stenosis

Tracheobronchomalacia Postintubation and postendoscopy Atresia

Tracheal stenosis Tracheal stenosis Trapped first tracheal ring

Vascular compression Reflux tracheitis Complete cartilage rings

  Micro (stovepipe) trachea

Children Children Tracheal cysts

Foreign bodies Laryngotracheitis Hemangiomata

Tracheal stenosis Bacterial tracheitis Tracheobronchomalacia (with TEF)

 Foreign bodies  

 Localized malacia secondary to a tracheostomy or TEF repair Vascular compression

  ••Aberrant innominate

 Thyroid ••Pulmonary artery sling



 Cystic hygroma ••Double aortic arch

 Mediastinal tumors  

 
although a few bronchial and most laryngeal foreign bodies will present with stridor. Postextubation stridor and immediate airway obstruction postpartum are special clinical situations with sudden onset of stridor. The management options in 
acute stridor usually include medical management and stabilization, diagnostic endoscopy, and possibly intubation. Fortunately, inhaled steroids for croup and Haemophilus influenzae B vaccine have reduced the occasions that ear, nose, and 
throat (ENT) surgeons' sleep is disturbed to observe an emergency intubation. Tracheostomy and open laryngeal surgery are rarely used these days in the acute situation, in contrast to the days when pediatric wards had a bell to call surgeons 
urgently to the bedside of a child with diphtheria for an emergency tracheotomy.

Chronic onset of stridor is often seen first by the family doctor who may then refer for further investigation. Given the luxury of time, a provisional diagnosis can be made before a confirmatory endoscopy. The management options then 
include medical, intubation, endoscopic procedures, tracheotomy, and other open surgical procedures. The management of common conditions (such as subglottic stenosis) are detailed in other chapters of this book. The management of a few 
specified conditions, such as vocal cord palsy, is covered at the end of this chapter.

ASSESSMENT

History

The obstetric and perinatal histories are often relevant, especially if the child was born prematurely and required ventilation. Few neonates older than 32 weeks of gestation will require ventilation for respiratory distress syndrome, with 
ventilation becoming a virtual certainty in neonates younger than 28 weeks, even with the administration of surfactant. Neonates admitted even for short periods to intensive care may have been intubated without the parents volunteering this 
important information. Beware the term intubation, however, because this may be mistaken for the passage of nasogastric tubes or even for nasal and oral mucous extraction.

Stridor that is present at birth with the child's first breath is unusual and generally denotes a fixed congenital narrowing such as a laryngeal web, subglottic stenosis, or tracheal narrowing.[122] Dynamic conditions such as laryngomalacia 
become evident in the first few weeks of life. The stridor in congenital vocal cord palsy is interesting as it is often present immediately postpartum, suggesting that it may be more an incoordination than a true paralysis. A gradual increase in 
severity of stridor or airway compromise implies growth of an obstruction that may be luminal as in a subglottic hemangioma or extrinsic as with a mediastinal mass.

Stridor is seldom constant and any diurnal or other variation can help pinpoint the cause, although asking parents about the timing of any stridor in the respiratory cycle is seldom profitable. Typically, laryngomalacia is better with the child at 
rest and asleep but made worse by crying, feeding, and when distressed. Airway obstruction with the baby supine can occur with a pedunculated laryngeal mass but more often is due at least in part to a degree of supralaryngeal obstruction, 
such as micrognathia and resultant tongue base occlusion. Improvement in the airway with crying occurs in gross nasal obstruction such as bilateral choanal atresia.
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Airway obstruction produces a number of associated symptoms ( Table 186-2 ) alongside stridor including recession, apneas, cyanosis, "dying spells," dyspnea, tachypnea, cough, and hoarseness. Recession, even if quite severe, can be 
missed by parents but is a clear sign of inspiratory obstruction. Apneas with cyanosis are typical of severe tracheobronchomalacia and are sometimes termed dying spells. Parents will usually attempt resuscitation if these are severe but it is 
often unclear how many of these attacks are otherwise self-limiting. Tachypnea and dyspnea are not limited to upper airway obstruction, but a clear description of exertional dyspnea in an older child provides a useful functional assessment 
of severity. Cough is typical of tracheoesophageal fistula and tracheomalacia and is rarely because of "infant asthma." Hoarseness clearly suggests a laryngeal lesion such as laryngeal papillomatosis, but is also seen in vocal cord palsy.

Feeding is closely connected with breathing, particularly in the infant and an accurate picture of the feeding pattern must be obtained. Breast-fed babies with airway obstruction will characteristically "come up for air," whereas bottle-fed 
babies may require thickened feeds or a "slow teat" (i.e., one with small holes). Aspiration suggests a vocal cord palsy, tracheoesophageal fistula, or rarely, a cleft larynx with recurrent chest infections usually accompanying significant 
aspiration. Regurgitation is common in neonates and by itself may not represent significant gastroesophageal reflux. The end result of poor feeding may  

TABLE 186-2 -- SYMPTOMS ASSOCIATED WITH VARYING CAUSES OF AIRWAY OBSTRUCTION

Symptoms Typical Diagnoses  

Stertor Nasopharyngeal obstruction e.g., neonatal rhinitis

Inspiratory stridor Laryngeal and subglottic obstruction e.g., laryngomalacia, subglottic stenosis

Biphasic stridor High/midtracheal obstruction e.g., tracheomalacia/stenosis

Prolonged expiratory phase Tracheal and bronchial obstruction e.g., tracheobronchomalacia or stenosis

Cough TEF Foreign body

 Vocal cord palsy Tracheomalacia

 Cleft larynx Reflux

Aspiration TEF Cleft larynx

 Vocal cord palsy  

Hoarseness Laryngeal lesion Vocal cord palsy

Acute airway obstruction Retropharyngeal abscess Epiglottitis

 Tonsillitis Croup

 Glandular fever Bacterial tracheitis



 Foreign bodies  

Dysphagia and feeding difficulties Epiglottitis Feeding affected with many causes of severe airway obstruction and aspiration

 Tonsillitis  

 Retropharyngeal abscess  

Apneas Tracheobronchomalacia Reflex apnea

Dying spells   

 
just be slow feeding, which troubles the mother more than the child or may result in failure to thrive with demonstrably poor weight gain. Because laryngomalacia is common, it is important not to assign failure to thrive to this without first 
having considered and excluded other causes.

General medical inquiry may explain a vocal cord palsy occurring as a result of neurologic disease or cardiac surgery or may suggest vascular compression associated with congenital cardiac disease. Finally, ask the parents about the 
presence of any birthmarks, as they may be associated with a subglottic hemangioma.

In acute airway obstruction the history takes place simultaneously with the examination and resuscitation, taking particular note of any possible foreign body ingestion or concurrent illness. Rapid progression of airway obstruction and 
drooling are the hallmarks of acute epiglottitis, which is still seen occasionally despite a dramatic reduction with immunization. Bacterial tracheitis and laryngotracheobronchitis have a more prolonged time course.

Examination

The art of examination is in observing and not just seeing. A general impression can be obtained while taking the history, but a careful general examination is necessary to avoid missing subtle features of related syndromes or of other general 
pediatric disease. This is conducted alongside the search for the cause of airway obstruction and an estimation of its severity.
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Observing the child at rest provides not only an initial assessment of the degree of respiratory distress and the characteristics of any stridor, but also gives time to gain the child's confidence before any further examination.

Typically, inspiratory stridor is because of an extrathoracic obstruction ( Figure 186-1 ) from the larynx or high trachea with bronchial or low-tracheal obstruction producing an expiratory stridor. Biphasic stridor can occur with obstruction 
anywhere in the tracheobronchial tree. Even if expiratory stridor is absent, a prolonged expiratory phase may be present indicating an intrathoracic obstruction ( Figure 186-2 ). The characteristic sound of stridor, even in a common condition 
such as laryngomalacia,[118] is so variable as to be of little diagnostic use on its own. Laryngomalacia is said to have a musical quality, vocal cord palsy has a breathy quality, and the cough in tracheomalacia is said to be barking. The site of the 
abnormal vibration can rarely be tracked down with the aid of a stethoscope because of the variable transmission of sound through the thorax. Auscultation is, however, useful to detect heart murmurs and wheeze.

 
Figure 186-1 Extrathoracic obstruction: collapse and increasing obstruction on inspiration with extrathoracic obstruction. 

 

Figure 186-2 Extrathoracic obstruction: collapse and increasing obstruction on expiration with intrathoracic obstruction. 

 

Figure 186-3 Ventilating bronchoscope. 



 

TABLE 186-3 -- MANAGEMENT OF THE DIFFICULT TO EXTUBATE NEONATE

Treat reflux

Leave tube in place for at least 1/52 between trials of extubation

Steroids to cover extubation

Nasal prong and CPAP postextubation

Endoscopy with laser for small granulations, cysts, and so on.

Cricoid split

Single-stage laryngeal reconstruction

Tracheotomy with stent to maintain airway
 
 
Figure 186-4 Foreign body extraction forceps. 

 

TABLE 186-4 -- RECENT TECHNIQUES TO AVOID TRACHEOSTOMY

Subglottic stenosis Active medical management

 Balloon dilation

 Cricoid split

 Single-stage laryngotracheoplasty

Subglottic hemangioma Systemic or intralesional steroids

 Surgical excision

Laryngomalacia AR epiglottoplasty

Tracheobronchomalacia Continuous positive airway pressure via endotracheal or tracheotomy tube

 Intraluminal stents
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grafting. To achieve this, a period of intubation is required. Of note is the histologic appearance of a child with a successful cricoid split who died of other causes. There is no significant gap filled with fibrous tissue, suggesting that any 
expansion is temporary.

Cricoid split is indicated in neonates who fail extubation because of subglottic edema or soft immature stenosis. It is contraindicated in patients who weigh less than 1.5 kg and those with other medical problems, particularly an oxygen 
requirement of greater than 35% because of bronchopulmonary dysplasia. It can, however, be difficult to determine the relative components of upper and lower airway compromise.[125] The operation consists of a midline laryngofissure from 



the first tracheal ring to halfway up the thyroid cartilage. The child is then reintubated with an age-appropriate tube or a tube one size larger. The tracheal incision is not closed and a wound drain is essential to avoid surgical emphysema. 
Postoperative intubation is usually for a week and this rest period is probably important in the success of the operation. Long-term paralysis produces lung atelectasis and neuromuscular weakness and should be avoided. Most patients can be 
managed with minimal sedation.

Single-Stage Laryngeal Reconstruction

In premature neonates who fail extubation, single-stage laryngeal reconstruction is indicated as an alternative to tracheotomy if a mature subglottic stenosis is present. It is contraindicated in patients whose weight is >2 kg and in the presence 
of any medical problem that can prejudice a successful result such as any increased O2 requirement, tracheobronchomalacia, and cardiac anomalies.

The operation consists of a midline laryngofissure with an incision from first tracheal ring to halfway up thyroid cartilage, which then allows reintubation with an age appropriate tube or a tube one size larger. Cartilage is harvested from the 
rib or ear and carved into a boat shape with beveled edges for security. Postoperatively, the patient is intubated and maintained with minimal sedation and no paralysis for 5 to 10 days (longer if younger). Antireflux treatment is provided 
empirically. The result is examined a week postintubation with a laser available for minor granulations. If the patient requires reintubation, great care is required.

Emergency Tracheotomy

With experienced pediatric anesthesiologists, emergency tracheotomy is a rare occurrence.[121] [133] Otolaryngologists are often asked to attend a potentially difficult intubation, but are rarely needed. It is easy to become complacent, but if 
emergency tracheotomy is required, the surgical set and appropriate tube need to be instantly available. It is important to stay strictly in the midline, so the child needs to be carefully positioned without neck or head deviation. A finger on 
either side of the larynx is helpful with a vertical incision through skin and down to the trachea. If a pediatric tracheostomy tube is not available, a pediatric endotracheal tube can be used, ensuring it remains above the carina.

Postpartum Airway Obstruction

Antenatal Diagnosis of High Airway Obstruction

Routine prenatal ultrasonography looking for congenital anomalies should demonstrate large obstructing masses such as cervical teratoma,[72] [73] cystic hygroma,[146] and rhabdomyosarcoma,[147] the anatomy of which can be further defined using 
MRI.[18] [79] Even in the absence of a mass, airway obstruction can be inferred, as with the tracheal dilation and enlarged lungs seen in laryngeal atresia.[38] Polyhydramnios may occur with obstructing lesions, reflecting impaired fetal swallowing.

Forewarned should be forearmed, so that resources can be mobilized and management discussed before the child is born. Holinger and others describe the successful airway management of a case in 1985[73] and Catalano and others[18] report a 
tracheotomy with intact maternal-fetal circulation, possibly the first such extrauterine surgical procedure. Since then, the term CHAOS has been used to describe antenatally diagnosed congenital high airway obstruction.

The term OOPS (operation on placental support)[146] has been replaced by the more acceptable ex utero intrapartum treatment (EXIT) procedure.[16] [93] The multispecialty team usually involves pediatricians, obstetricians, anesthetists, and ENT 
surgeons with other specialties involved, depending on the results of the ultrasound and MRI. At planned cesarean section, the airway can be established with expert intubation[152] or occasionally a tracheostomy[16] is performed if intubation is 
not possible. Extracorporeal membranous oxygenation can be made available, [86] but intubation or tracheostomy is faster and preferable. Resection of an obstructing mass is usually delayed until the child is stable.[86] 

Unexpected Airway Obstruction at Birth—Nasopharyngeal

In the absence of antenatal diagnosis, the unfortunate midwife, obstetrician, or pediatrician is presented unexpectedly with a neonate who has airway obstruction. Nasal suction to remove secretions is combined with an attempt to pass a nasal 
sucker. Choanal atresia is the most common diagnosis in true nasal obstruction. Occasionally, neonates referred with a diagnosis of choanal atresia on the basis of
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inability to pass a sucker have normal CT appearances. Presumably in these neonates, the sucker's passage is impeded by a tortuous route around the turbinates. Pyriform aperture stenosis, mid nasal stenosis, and choanal stenosis are less 
common causes. These nasal causes of obstruction will be relieved by an oral airway, as will nasopharyngeal masses such as nasopharyngeal teratomas.

Unexpected Airway Obstruction at Birth—Laryngeal

Airway obstruction relieved by intubation.

An airway obstruction relieved by intubation, but not an oral airway, implies obstruction at the laryngeal level. These include dynamic causes such as severe laryngomalacia and vocal cord palsy. Displaceable lesions such as laryngeal polyps 
and masses will also be relieved by intubation. In laryngeal stenosis, it may be possible to force the tip of a small-shouldered tube through the stenosis as a temporary measure to secure the airway. Some units now advocate using a laryngeal 
mask[51] for neonatal resuscitation, which has the advantage that a tight stenosis will not be worsened by attempts at intubation. Very rarely, in laryngeal atresia with a low tracheoesophageal fistula, it may be possible to ventilate the neonate, 
although on closer examination the tube is actually in the esophagus with ventilation via the fistula.

With low tracheal and bronchial obstruction, intubation is possible but does not relieve the problem.

When intubation is not possible.

When intubation is not possible, time is at a premium, and the neonatologist is faced with a real challenge. If adequate ventilation is not possible with a laryngeal mask or very fine endotracheal tube, a decision has to be made to open into the 
trachea.

Cricothyroid membrane or tracheal needle puncture may be the best option for a neonatologist used to finding small arteries and veins, but is not easy in an emergency situation without previous experience. The neonate needs to be straight 
with the neck extended over a roll. The first and second fingers of the left hand are placed either side of the trachea and the needle inserted vertically and very strictly in the midline until air can be aspirated. It is difficult to palpate cricoid and 
thyroid cartilages in a neonate and it is more important to remain midline rather than worry about the level. Further and larger needles can be inserted above or below the first.



Open tracheostomy in an emergency is again difficult even for an experienced surgeon unless he has current experience of neonatal tracheostomy. The neonate again needs to be straight and with the neck extended. A long vertical but strictly 
midline incision with careful palpation of the trachea should avoid drifting off the midline, which is the main danger.

Laryngeal lesions, such as congenital webs or subglottic stenosis, will be bypassed with a tracheostomy but low lesions such as tracheal stenosis and tracheobronchomalacia will not.

Unexpected Airway Obstruction at Birth—Tracheobronchial

The risk with low tracheobronchial obstruction is that neither intubation nor tracheostomy will relieve the obstruction, although positive pressure will tend to improve malacia and, to a lesser extent, stenosis. An extended (long) tracheostomy 
will physically support tracheomalacia but not carinal malacia or bronchomalacia. A most difficult situation occurs if a tracheostomy is attempted for tapering long-segment tracheal stenosis. Not only is it is not possible to insert a normal 
neonatal-size tracheostomy tube, but the tracheostomy itself severely limits the therapeutic options for surgical reconstruction of the stenosis.

MANAGEMENT OF CHRONIC AIRWAY OBSTRUCTION

Medical Management in the Nonacute Situation

The appreciation that gastroesophageal reflux may play a part in a number of airway compromise scenarios has led to the increasing use of antireflux treatment to improve symptoms, avoid surgery, and improve surgical results. In many 
cases its use is empiric but well tolerated.

Systemic steroids have been used to treat subglottic hemangioma in many series with success, either alone or in combination with laser ablation.

Prophylactic antibiotics are sometimes useful in reducing the number of attacks of recurrent croup that occur during a winter, despite the fact that most have at least initially a viral origin.

Medical Treatment of Specific Conditions

Interferon, cidofovir, and mitomycin C are examples of drugs used in pediatric otolaryngology practice that are specific to the condition. These drugs are discussed later in this chapter.

Endoscopic Treatment of the Larynx and Tracheobronchial Tree

The microsurgical techniques and equipment that are needed in pediatric laryngology are much closer to those of adult phonosurgery than general adult laryngology. Any damage to the delicate vocal fold can produce dysphonia that will 
remain for a lifetime and prove difficult to correct. Resection of small subglottic
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cysts and vocal cord nodules can be achieved with the same minimal degree of damage with microinstruments as when a laser is used. Indeed, in inexperienced hands the laser probably has greater potential for damage. Injection of steroids 
has been used for subglottic hemangiomas with a short period of postoperative intubation. The results so far are quite encouraging. There are a number of techniques to endoscopically insert a laryngeal keel for laryngeal webs, which, 
however, may be superseded by the latest techniques of temporary cord lateralization. Minor laryngeal clefts (e.g., type 1 clefts, which only affect part of the cricoid) can be repaired endoscopically using specially designed needle holders. 
Aryepiglottic trimming for laryngomalacia [87] was originally described using sharp dissection, taking a small wedge of the aryepiglottic mucosa on one or both sides to prevent the forward prolapse of the posterior larynx and arytenoids, 
which is typical of the condition.

The CO2 laser for the larynx, and more recently the KTP laser for the trachea and bronchi, have become an essential part of the equipment needed to manage the pediatric airway. A number of improvements, including super pulsing have 
reduced the collateral damage that occurs around the intended area of vaporization, making the laser safe and effective in experienced hands. Subglottic cysts and granulations can be accurately vaporized with good hemostasis and minimal 
postoperative edema. Similarly, epiglottoplasty for laryngomalacia is quick and bloodless using the laser. Subglottic hemangioma can be controlled with regular treatments, although the time to resolution is unchanged. With large subglottic 
hemangioma, the laser can be combined with systemic steroids to try to avoid tracheotomy. In laser arytenoidectomy for vocal cord palsy, the arytenoid and posterior vocal cord are removed to provide a posterior airway while preserving an 
anterior functioning vocal cord apposition for vocalization. In laryngeal and tracheal papillomatosis. the laser is particularly well suited as vaporization may help to reduce the survival of viable viral particles that can the seed down the 
trachea. The KTP laser is a great advance on the CO2 laser bronchoscope that was used to control tracheal papillomatosis previously.

Tracheotomy

Surgical Procedure

In chronic airway compromise, there is usually time for a full discussion about pediatric tracheostomy. Informed consent encompasses more than the operation and possible complications, as the parents need to be fully briefed on the 
implications of caring for a child with a tracheotomy, preferably meeting another family with a child with a tracheotomy. The family circumstances need to be assessed and support offered if needed. Home suctioning equipment can be 
ordered at this stage.

The operation is usually conducted under general anesthesia with the child supine. An adhesive tape under the chin helps by holding up any dewlap. Either a horizontal or a short vertical incision can be used. The child is usually intubated or 
has a laryngeal mask in place. In children the thyroid isthmus can be simply divided using diathermy. A vertical incision should be made through the third and fourth tracheal rings, with stay sutures placed either side of the incision. If a 
future laryngotracheal reconstruction (LTR) is planned, it may be worth trying to place the incision even lower. Occasionally, a high innominate vein needs to be protected from the tracheotomy tube by a small inferiorly based flap instead of 
the vertical incision. Local policy will dictate tube type but beware inserting too long a tube, particularly in neonates, for whom special short tubes are available. This should be checked on the operating table by listening to the right lung with 
the head flexed. Some surgeons use a suture from the lower trachea to the skin, which closes the space in front of the trachea inferior to the stoma. This is designed to prevent a dislodged tracheotomy tube being incorrectly reinserted in a 
false passage anterior to the trachea. Other surgeons use a suture from the skin inferiorly around the tube to prevent dislodgment in the first place. Whatever special techniques are used, they should be carefully described in the operative 
notes. Any skin sutures should not close the wound too tightly to prevent subcutaneous emphysema.



Specially customized tubes can be produced to deal with particular problems. An extended length tube will support tracheomalacia or a tracheal stenosis with bifurcated tubes can perform the same function for the main bronchi. 
Occasionally, cuffed tubes are used to protect the airway in the presence of aspiration.

Tracheotomy Complications

Early tube dislodgment can be a serious emergency in small children. Early tube dislodgment must be prevented by adjusting the tape carefully and by providing stay sutures through the trachea on either side of the incision. These can be 
pulled apart in the event of a tube dislodgment to open the incision and bring the trachea to the surface. Conventional adult tracheal dilators are usually too large, but a small curved artery clamp is ideal. This should be at the child's bedside 
with two spare tracheotomy tubes (one a size smaller). Tube blockage is avoided by frequent suctioning and an awareness of the problem.

Postoperatively, a chest x-ray will check the tube length and exclude a rare pneumothorax, which can
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occur from puncturing the lung apex or, in neonates, from high-pressure ventilation. Hemorrhage is rarely a complication in children if the thyroid isthmus has been divided with electrocautery rather than between clamps and then ligated. 
Subcutaneous emphysema also should be avoidable by having a tight fit of the tube in the trachea and not closing the wound too tightly. Subcutaneous emphysema is more likely if high-pressure ventilation is required.

Tube dislodgment and blockage remain the most important late complications and are responsible for the mortality of 1% to 2% of patients. Suprastomal granulation is so common as to be almost universal.[134] It is probably a result of a 
combination of physical factors such as movement and the effect of plasticizers in the tube and infective factors from the skin and airway. The use of antibiotic ointment around the tube may improve but never remove the granulations. 
Longstanding suprastomal granulations are probably responsible for the development of suprastomal collapse, which is a common finding responsible for difficult decannulation that requires further surgery.

Tracheal erosion can occur because of a poor-fitting tracheotomy tube, particularly if metal. The erosion can be out into the mediastinum, the esophagus, or into a major vessel. An acquired tracheoesophageal fistula requires closure with an 
open operation and interposition of muscle. Small bleeds around the tracheotomy tube often occur before the dramatic erosion of a major vessel.[154] Although suprastomal granulations can also give rise to small amounts of bleeding, any 
bleeding needs to be taken seriously and investigated radiologically or endoscopically. In very longstanding tracheotomy, the tube can migrate and require repositioning.

Tracheotomy Decannulation

Adults and children with very short-duration tracheotomy (less than 1 month) can be decannulated after appropriate assessment by simply having the tube removed and the stoma covered with an occlusive dressing.[128] Most children, however, 
are more difficult to decannulate because of many factors including suprastomal collapse and granulation, the relative size of the airway, and possibly, psychological attachment to their tracheotomy tube. A more controlled process is used in 
these children often termed ward decannulation.

Before any attempt at ward decannulation, a recent endoscopy[94] is required with suprastomal granulation removal. Significant suprastomal collapse must be excluded as this is one of the most common causes of failed decannulation. The 
tracheotomy tube is now downsized in a controlled stepwise manner, usually one size smaller each day. The child needs to be kept on the ward during this process and carefully observed at night. Once the smallest size of tracheotomy tube 
has been tolerated, the tracheotomy tube can be blocked for 12 hours during the day and then 24 hours the next day and night. The tube can now be safely removed and the stoma covered, although the child still needs to be kept on the ward 
for observation for about 5 days. If this fails, the child needs to be scoped again to exclude cord fixation, cord palsy, stomal granuloma, stomal collapse, and tracheomalacia.[49] 

Surgical decannulation.

If a check endoscopy before decannulation demonstrates significant suprastomal collapse, a "surgical decannulation" will be required. In principle, this is a formal closure of the stoma, sometimes with additional support from cartilage after a 
period of intubation. At the beginning of the operation, the child is intubated nasally with an age-appropriate tube. Initially, the tracheocutaneous fistula is excised, preserving the tracheal wall, unless a cartilage graft is required. If cartilage is 
not required (mild to moderate collapse only), the stoma is closed and sutures are taken laterally to the sternomastoid to prevent collapse of the repair. If cartilage is required, this is harvested from a rib and carved to a boat shape as for 
laryngotracheal reconstruction. The malacic wall is excised until nonmalacic cartilage is exposed. The cartilage is now sutured in place with a minimal or no air leak. If the trachea is very malacic, an oversize graft can be supported on the 
sternomastoids, lifting the graft and anterior tracheal wall forward. Postoperatively, the patient is intubated for 24 to 48 hours.

Techniques to Avoid Tracheotomy

In developing subglottic stenosis, laryngeal rest,[58] cricoid split,[9] [12] [132] and single-stage laryngeal reconstruction [101] [138] can all be used to avoid tracheostomy. Endoscopic balloon dilation can sometimes avoid tracheostomy, especially if 
combined with mitomycin C.[5] (A similar case is shown in Figure 186-5 and Figure 186-6 ).

Open Laryngeal Procedures

Laryngotracheal Stenosis

The open surgical options for stenosis are either to increase the diameter of the stenosed segment with cartilage grafts or to resect the stenosed segment. The classic operation of rib cartilage augmentation described by Cotton and others[28] [29] [30] 
remains a reliable technique for mild to moderate stenosis, but the newer technique of partial cricotracheal resection[107] [108] is now preferred for more severe stenosis. Both techniques can be employed with a covering tracheostomy or 
preferably as a single stage, leaving the patient intubated postoperatively.
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Figure 186-5 Balloon dilation of early subglottic stenosis—predilation. 



 

Figure 186-6 Balloon dilation of early subglottic stenosis—postdilation. 

 

Figure 186-7 Cleft larynx extending below the cricoid. 

 

Figure 186-8 Histology of subglottic hemangioma—small vessels. 

 

Figure 186-9 Histology of subglottic hemangioma—large vessels. 
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Chapter 187 - GLOTTIC AND SUBGLOTTIC STENOSIS

George H. Zalzal 
Robin T. Cotton 

INTRODUCTION

Chronic laryngeal stenosis is a partial or complete cicatricial narrowing of the endolarynx and may be congenital or acquired. The condition is rare and presents multiple problems affecting soft tissue and cartilage. Iatrogenic injuries and 
external neck trauma account for most cases. Chronic laryngeal stenosis in pediatric patients may be managed differently from that in adult patients, but the principles of expansion vs resection surgery remain the same. Of all laryngeal 
stenosis, chronic subglottic stenosis is the most common and presents significant challenges in management ( Figure 187-1 ).

ETIOLOGY AND PATHOPHYSIOLOGY

Congenital Laryngeal Stenosis

Congenital stenosis is secondary to inadequate recanalization of the laryngeal lumen after completion of normal epithelial fusion at the end of the third month of gestation.[114] The final pathologic findings depend on the degree of 
recanalization. Thus, if the laryngeal lumen is not recanalized and remains completely obliterated, it will result in complete laryngeal atresia; if it is partially recanalized, incomplete atresia, stenosis, or web will occur. The cricoid cartilage is 
usually abnormally developed.

Congenital Laryngeal Atresia and Web

Laryngeal atresia can occur at any laryngeal level or combination of levels. The clinical picture depends on the severity of the lesion. In complete atresia, the glottis is closed at or above the vocal cords by a firm fibrous membrane. The 
neonate is aphonic, tries vigorously to breathe, rapidly deteriorates, becomes cyanotic despite continued respiratory efforts, and soon dies of asphyxia unless immediate tracheotomy is performed.[26] [68] The condition is incompatible with life 
unless an emergency tracheotomy is performed or there is an associated tracheoesophageal or bronchoesophageal fistula. The most severe type of congenital laryngeal atresia presents as stillbirth and may not be recognized.

Congenital laryngeal webs account for about 5% of congenital anomalies of the larynx.[67] About 75% occur at the glottic level, and the rest are supraglottic or subglottic.[5] An association between anterior glottic web, the chromosome 22q11.2 
deletion, and velocardiofacial syndrome has been established.[40] [78] [117] All patients diagnosed with anterior glottic web should have their chromosome 22q11.2 deletion status determined by standard fluorescent in situ hybridization (FISH) 
analysis. Most webs present at birth or in the first few months of life. The severity of the web varies. Only a few are severe enough to require airway support by intubation or tracheotomy. A laryngeal web is often an abnormality of the glottis 
and the subglottic cricoid region ( Figure 187-2 ). The differential diagnosis includes bilateral vocal cord paralysis and congenital interarytenoid joint fixation. It is important to detect associated anomalies of the larynx, the respiratory tract, 
and other organ systems.

Different classifications of webs have been suggested, but the most useful is that of Benjamin ( Table 187-1 ).[5] Treatment of congenital laryngeal atresia and web is presented later in this chapter under treatment of specific disorders.

Congenital Subglottic Stenosis

The normal subglottic lumen diameter in the full-term neonate is 4.5 to 5.5 mm and in premature babies is about 3.5 mm. A subglottic diameter of 4 mm or less in a full-term neonate is considered to be narrowed.

Congenital subglottic stenosis (SGS) is considered to be congenital in the absence of a history of endotracheal intubation or other apparent acquired causes of stenosis. The diagnosis may be difficult to confirm, and it is unknown how many 
intubated premature infants who fail extubation have underlying congenital stenosis. Thus, by best approximation, congenital
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Figure 187-1 Algorithm for management of laryngeal stenosis. 



 

Figure 187-2 Xeroradiography of the neck shows a congenital glottic web with subglottic extension, having a triangular configuration like a sail. 

 

TABLE 187-1 -- CLASSIFICATION OF WEBS

Web Types  

Glottic Thin and membranous; thick at the anterior commissure; or severe with subglottic involvement

Subglottic With or without cricoid cartilage involvement

Congenital Interarytenoid fixation

Supraglottic Extremely rare
 
 

TABLE 187-2 -- HISTOPATHOLOGIC CLASSIFICATION OF CONGENITAL SUBGLOTTIC STENOSIS

Cartilaginous Stenosis Soft-Tissue Stenosis

Cricoid cartilage deformity Submucosal fibrosis

••Normal shape Submucosal gland hyperplasia

••••Small for infant's size Granulation tissue

••Abnormal shape  

••••Large anterior lamina  

••••Oval (elliptic shape)  

••••Large posterior lamina  

••••Generalized thickening  

••••Submucous (occult) cleft  

••••Other congenital cricoid stenosis  



Trapped first tracheal ring  

 
symptoms become evident during the first few weeks or months of life, presenting as prolonged or recurrent croup. Differential diagnosis includes subglottic hemangioma and subglottic cysts. Infants usually become symptomatic within 3 
months of birth because of increased activity and increased ventilation requirements.[25] [26] 

Minimal laryngeal swelling secondary to infection or endoscopy may precipitate airway obstruction because the cricoid cartilage limits the swelling of tissue in any direction except toward the laryngeal lumen at the expense of the airway. 
Therefore, great care is needed when endoscopy is performed on these children to prevent trauma to the subglottic mucosa.

Endoscopic diagnosis is essentially by means of flexible fiberoptic endoscopy to assess vocal cord function and rigid endoscopy to assess the degree of anatomic obstruction. Postendoscopic edema is avoided by operating on a quiet, relaxed 
infant who is well-oxygenated. Cooperation between the endoscopist and anesthesiologist is essential, as is gentle instrumentation, preferably with the rigid rod lens system telescope alone without the sheath. If postoperative edema occurs, 
aggressive management should be started with cool mist racemic epinephrine by aerosol or intermittent positive-pressure breathing, and a short course of high-dose intravenous corticosteroids.

Congenital subglottic stenosis is most often less severe than acquired stenosis and may therefore be managed more conservatively. Some patients outgrow the condition.[16] [69] Management depends on the degree and severity of stenosis, shape 
(whether the cricoid cartilage is normal or abnormal), and whether there are associated congenital anomalies.

Mild cases of stenosis are managed conservatively by watchful waiting and regular follow-up because many children will outgrow the problem. During observation, vigorous medical management of viral infection is recommended. More 
severe cases requiring airway support may be managed by tracheotomy and reconstructive repair, or by single-stage laryngotracheal reconstruction using costal cartilage grafting for expansion of the subglottic airway.

Acquired Laryngeal Stenosis

Trauma is the most common cause of acquired laryngeal stenosis in children and adults and may be external or internal.

External Laryngeal Trauma

Blunt trauma to the neck sustained during motor vehicle accidents injures the larynx when the anterior surface of the extended neck strikes the dashboard or steering wheel, causing a laryngeal framework fracture. This is more common in 
adults than in children, in whom the prominent mandible and relatively high position of the larynx protect the latter from injury in children. Fractures of the larynx occur secondary to in-home accidents when the neck is injured by striking 
furniture such as a coffee table. Chronic acquired laryngeal stenosis is a sequela of severe laryngeal trauma with fracture of the cricoid and thyroid cartilages with or without displacement, or of inadequately managed early stages of laryngeal 
trauma.[77] 

Another mechanism of blunt laryngeal trauma, the so-called clothesline injury, occurs when a person riding a bicycle hits the anterior neck on a branch or clothesline, sustaining laryngeal fracture and thyrotracheal or cricotracheal separation. 
A patient may have a separation of the cricoid and trachea and still survive the injury. Penetrating wounds of the larynx are usually less common than blunt trauma and are more common in adults than in children.
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Internal Laryngeal Trauma

Most cases of internal laryngeal injury are iatrogenic, secondary to prolonged endotracheal intubation, which is the most common cause of chronic laryngeal stenosis. Approximately 90% of cases of acquired chronic subglottic stenosis in 
infants and children occur secondary to endotracheal intubation.[21] [69] The reported incidence of stenosis after intubation ranges from 0.9% to 8.3%.[2] [55] [70] [127] This rate is much lower than the 12% to 20% reported in the late 1960s and early 
1970s because of recognition of the problem and institution of preventive methods. Despite improvement in neonatal care, the incidence has stabilized at around 1% over the past ten years.[1] These figures may underestimate the true incidence 
of the disease in the pediatric population because many infants who are intubated do not survive the primary illness. In addition, some acquired subglottic stenosis may not be recognized unless an infection of the upper respiratory tract 
develops or the patient requires reintubation later in life. The areas most commonly injured are the subglottic region in children and the posterior endolarynx in adults.[128] 

In children, the subglottic region is especially prone to injury from endotracheal tube intubation for various reasons: First, the cricoid cartilage is the only area in the upper airway that has a complete circular cartilaginous ring, preventing the 
outward extension of traumatic edema; second, the pseudostratified, ciliated, columnar respiratory epithelium lining this region is delicate and tends to deteriorate under the stress of an indwelling tube; third, the subglottic submucosa is made 
up of loose areolar tissue that allows edema to develop easily and quickly; and fourth, the subglottic region is the narrowest portion of the pediatric airway. [69] 

The pathophysiology of acquired subglottic stenosis is well-described in the literature.[6] [28] [48] [73] The endotracheal tube causes pressure necrosis at the point of interface with tissue, leading to mucosal edema and ulceration. As ulceration 
deepens, normal ciliary flow is interrupted, with mucociliary stasis leading to secondary infection and perichondritis. With further infection, chondritis and cartilaginous necrosis occur, especially with collapse of the airway during 
inspiration. Healing occurs by secondary intention with granulation tissue proliferation in the areas of ulceration and deposition of fibrous tissue in the submucosa. Primary healing of the laryngeal injury is hindered by the presence of loose 
and mobile subglottic mucosa, poor blood supply to the cartilage, and constant motion of the larynx associated with swallowing and head movement.[48] [64] Study of intubated larynges from infants of 22 to 40 weeks gestation who survived a 
few hours to 300 days showed acute injury was almost invariable and up to 100% of the subglottic epithelium was lost within a few hours of intubation, but progression of injury was relatively short lived. Ulcer healing started after a few 
days, rapidly progressed from day 10, and, in most cases, was complete after 30 days. This study suggests that longstanding acute injury of the subglottis is the exception rather than the rule, even with the endotracheal tube remaining in place.
[48] 

Duration of intubation and the size of the endotracheal tube are the most important factors in the development of laryngeal stenosis. No definite safe time limit for endotracheal intubation has been established. Severe injury has been reported 
after 17 hours of intubation in adults[6] and one week after intubation in neonates.[72] Several studies in adults have shown that a 7- to 10-day period is acceptable, after which prolongation of intubation is accompanied by an increased incidence 
of laryngotracheal complications.[128] Premature infants tolerate more prolonged intubation (weeks rather than days). Explanations include relative immaturity of the laryngeal cartilage in the neonates (more hypercellular with scant gel-like 
matrix) rendering it more pliable, thus yielding to pressure,[63] and the high location of the neonatal larynx in the neck with its posterior tilt and funnel shape.[64] 

Insertion of an oversized endotracheal tube increases the risk of laryngeal injury. In children, the tube size should allow an air leak at 20-cm-H2 O pressure if possible. Polymeric silicone and polyvinyl chloride are considered the safest 
materials for prolonged intubation.



Shearing motion of the tube causes abrasive traumatic action on the mucosa, especially in patients who are restless, those on respirators, and those with orotracheal intubation. Superimposed bacterial infection compounds the mechanical 
mucosal trauma by increasing the inflammatory response and scar tissue formation. Repeated intubations cause increased trauma and increase the risk of sequelae.[62] [63] [72] Nasogastric tubes can cause pressure necrosis and cricoid chondritis if 
placed in the midline. [43] Coexistence of endotracheal and nasogastric tubes may increase laryngeal complications.

When inexperienced personnel care for intubated patients, intubation complications may increase. Education of physician and nursing personnel caring for intubated patients markedly increases the expertise of that care. Systemic factors 
including chronic illness, general disability, immunosuppression, anemia, neutropenia, toxicity, dehydration, hypoxemia, poor perfusion, radiotherapy, and the presence of gastric acid reflux encourage the vulnerability of laryngeal mucosa to 
injury by decreasing tissue resistance and increasing infection rate.
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Other Causes of Laryngeal Stenosis

Laryngeal stenosis may occur secondary to laryngeal injury resulting from laryngeal surgery. Emergency cricothyroidotomy through the cricothyroid membrane [46] and high tracheotomy can produce severe stenosis, particularly in children. 
Supraglottic stenosis and collapse may be related to prior laryngeal or tracheal injury.[124] Acquired anterior glottic web can occur after excision of a laryngeal polyp or papilloma in the anterior commissure area if the anterior portions of both 
vocal cords are denuded simultaneously. [99] Laryngeal stenosis also is described after endoscopic microsurgery with modalities such as electrocautery or laser.[30] 

Chondroradionecrosis can lead to scarring and stenosis shortly after radiotherapy or as long as 20 years later.[91] Intralaryngeal burns from fumes, smoke inhalation, or caustic lye ingestion can give rise to chronic laryngeal stenosis.[33] 

Chronic infection.

Laryngeal stenosis secondary to chronic infection is rare except in isolated endemic geographic areas. It has been described in tuberculosis, syphilis, leprosy, glanders, typhoid fever, scarlet fever, diphtheria, mycosis, and laryngeal scleroma.

Chronic inflammatory disease.

Laryngeal stenosis has been described secondary to sarcoidosis, lupus erythematosus, Behçet's syndrome, Wegener's granulomatosis, relapsing polychondritis, pemphigoid, epidermolysis bullosa, amyloidosis, and major aphthous ulceration. 
Management of laryngotracheal stenosis in Wegener's granulomatosis is complex, requiring individualized and often multimodality interventions to achieve satisfactory results.

Chronic inflammation secondary to gastroesophageal reflux (GER) [4] [71] may cause laryngeal stenosis. GER in children can be classified as physiologic, functional, pathologic, or secondary.[137] Many airway manifestations have been attributed 
to GER including stridor, recurrent croup, exacerbation of subglottic stenosis, and chronic cough. Diagnosis is difficult unless the index of suspicion is high.[10] The role of GER on the outcome of pediatric laryngotracheal reconstruction 
remains unknown.[132] Until this is clear, the authors recommend that GER is aggressively treated in patients undergoing laryngeal reconstruction during the perioperative period and for six months after decannulation.

Laryngeal neoplasm.

Chondroma, fibroma, hemangioma, and carcinoma can cause laryngeal stenosis because of tumor infiltration or secondary to infective perichondritis, postradiation perichondritis, or postsurgical scarring and stenosis.

Types of Stenosis

Acquired glottic stenosis may be anterior, posterior, circumferential, or complete. Anterior glottic stenosis can be a thin glottic web, which is a bridge of scar tissue covered by epithelium located between the vocal cords involving the anterior 
commissure. This usually results from enthusiastic endoscopic surgery involving both true cords simultaneously. Thick, anterior glottic scarring is usually more extensive and results in true vocal cords, false cords, and laryngeal ventricles 
adhering to one another without any intervening web. The cause is often unmanaged severe external laryngeal trauma. Posterior glottic stenosis usually results from prolonged endotracheal tube intubation.

Pressure necrosis of the mucosa overlying the vocal process of the arytenoid occurs, followed by ulceration and granulation tissue formation on the medial surface of the body of the arytenoid cartilage. A similar process occurs to a variable 
degree in the interarytenoid area with involvement of the interarytenoid muscle, causing fibrous ankylosis of one or both cricoarytenoid joints.[7] Posterior glottic scar frequently extends downward to the subglottic region. It is important to 
differentiate between a complete posterior glottic stenosis, in which the scar is located in the interarytenoid space and posterior commissure, and an interarytenoid adhesion, in which the scar is between the vocal processes of the arytenoids 
with a small posterior, mucosally lined sinus tract in the posterior commissure area ( Figure 187-3 and Figure 187-4, A ). The scarring of the posterior commissure may be confined to the submucosa ( Figure 187-4, B ) or extend into one 
( Figure 187-4, C ) or both ( Figure 187-4, D ) cricoarytenoid joints.

The voice is generally good because of the adducted position of the vocal cords. The major symptoms are referable to the airway. In mild or moderate cases, the patient may be able to ventilate without a tracheotomy and may experience only 
exercise intolerance. Patients who have a more severe stenosis may need a tracheotomy for adequate respiratory exchange. Diagnosis by indirect laryngoscopy is difficult and may be confused with bilateral vocal cord paralysis.[13] Diagnosis 
at direct laryngoscopy is made by careful observation of the posterior commissure. The true vocal cords are closely approximated because the vocal processes, and occasionally the arytenoid bodies, are tethered together by heavy scar. A 
posterior sinus tract should be carefully sought and is particularly difficult to see in the pediatric larynx. Unlike vocal cord paralysis, in posterior glottic stenosis the cricoarytenoid joints are partially or completely immobile on a passive 
motion test. Palpation of the arytenoids shows that they may be rocked in an anteroposterior direction but will not slide from side to side. Complete total glottic stenosis
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Figure 187-3 Endoscopic view of interarytenoid adhesion shows a posterior fistular tract resulting from a scar tissue band between the vocal process of the arytenoids cartilages. 



 

Figure 187-4 Posterior subglottic stenosis. A, Interarytenoid adhesion with a mucosally lined tract posteriorly. B, Posterior commissure and interarytenoid scar without a mucosally lined tract posteriorly. C, Posterior commissure scar 
extending into the right cricoarytenoid joint. D, Posterior commissure scar extending into both cricoarytenoid joints. 

 

TABLE 187-3 -- GRADING OF LARYNGEAL STENOSIS

Grade Percentage of Laryngeal Lumen Obstruction

I Less than 70%

II 70% to 90%

III More than 90%; identifiable lumen is present (no matter how narrow)

IV Complete obstruction; no lumen
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lumen does not enlarge during this 2-year-period, other alternative methods to repair the airway should be considered to achieve decannulation. Once the airway is secured, two basic management modalities are considered: endoscopic or 
external. Endoscopic methods include traditional dilation and newer techniques that use laser excision of stenotic areas. Open surgical methods include expansion and resection surgery. The morbidity of open reconstruction is higher, but this 
is balanced against the multiplicity and futility of endoscopic procedures when inappropriately used. In general, less severe cases respond to endoscopic methods, and more severe cases require external reconstruction. If the cartilaginous 
framework of the larynx is significantly deficient, endoscopy is unlikely to be successful.

Endoscopic Management

Dilation is sometimes useful early in the development of stenosis. It is not recommended for mature, firm stenosis or cartilaginous stenosis. Dilation is usually performed alone or supplemented with local or systemic corticosteroids or 
intralaryngeal stenting. The use of corticosteroids in all stages of acquired SGS is controversial. Corticosteroids tend to decrease scar formation by their anti-inflammatory action of delaying synthesis of collagen in early stages of wound 
healing and increasing collagen lysis in the later phases. Corticosteroids also delay wound healing by delaying the epithelial migration necessary to resurface the denuded area, thus increasing scar formation and predisposing to infection. 
Corticosteroids may be used systemically or locally. Local injection into subglottic scar is technically difficult and may be ineffective if a pressure injection system is not used. Resorption of cartilage secondary to the presence of local 
corticosteroids is a serious complication. Inhalation corticosteroids are believed to reduce granulation tissue formation after stent removal or early after endotracheal tube injury.

Mitomycin-C is an antineoplastic antibiotic that acts as an alkylating agent by inhibiting deoxyribonucleic acid and protein synthesis. Experimental animal studies[116] and postendoscopic application[101] [102] seem promising; however, there seems 
to be no advantage to its use after open surgical repair.[59] 

Endoscopic scar excision using the carbon dioxide (CO2 ) laser is popular because it allows the surgeon to vaporize scar tissue with precision, producing minimal damage to healthy areas. Tissue destruction is directly related to the amount of 
energy delivered by the laser and the duration of exposure. If minimal energy of short duration is delivered, damage to the underlying and normal surrounding structures is minimal. However, if the laser is used at high energy levels for long 
times, it acts similar to any other uncontrolled method of tissue excision. The laser is useful for managing early stenosis with granulation tissue and may improve the airway without causing significant bleeding or edema, thus avoiding the 
need for a tracheotomy. Many authors have reported adequate results in managing early or mild SGS using the CO2 laser,[42] [65] [118] generally with multiple procedures



Endoscopic management has not been successful in the presence of the following conditions: 

1.  Circumferential cicatricial scarring.
2.  Abundant scar tissue greater than 1 cm in vertical dimension.
3.  Fibrotic scar tissue in the interarytenoid area of the posterior commissure.
4.  Severe bacterial infection of the trachea after tracheotomy.
5.  Exposure of perichondrium or cartilage during CO2 excision, predisposing to perichondritis and chondritis.
6.  Combined laryngotracheal stenosis.
7.  Failure of previous endoscopic procedures.
8.  Significant loss of cartilaginous framework.

Anterior Cricoid Split Operation.

The anterior cricoid split operation ( Figure 187-5 ) was described in 1980 as an alternative to tracheotomy in the management of acquired SGS in premature infants.[27] The procedure has subsequently been used in the management of 
congenital SGS.[18] The concept is to split the cricoid and upper first and second tracheal rings in the midline anteriorly, thus allowing expansion of the cricoid ring. It is indicated in cases of congenital SGS caused by a small cricoid ring (that 
is not otherwise seriously deformed) or extensive submucosal fibrosis with healthy cricoid cartilage. It should be used only in patients whose condition is severe enough to require airway support and in whom lung function is adequate to 
permit decannulation. Use of auricular [113] thyroid alar cartilage,[41] and hyoid[82] grafts has been reported to improve the success rate of the cricoid split operation.

With the patient under general endotracheal anesthesia, a horizontal skin incision is made over the cricoid to expose the cricoid and upper two tracheal rings. A single vertical incision is made through the anterior cartilaginous ring of the 
cricoid and through the mucosa to expose the endotracheal tube. The incision is extended inferiorly to divide the upper two tracheal rings in the midline. When the incision is made through the cricoid, the cricoid springs open, and the 
endotracheal tube is readily visible in the lumen. The incision in the larynx is extended superiorly in the midline to include the lower third of the thyroid cartilage to a level just
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Figure 187-5 Anterior cricoid split. A, Skin incision. B, Midline laryngeal incision through cartilage and mucosa. C, With the cricoid cartilage decompressed, the endotracheal tube is ghosted in B and C. D, Loose skin closure with a drain 
inserted. 

 

Figure 187-6 Incision for an anterior cricoid split in the management of SGS in infants (compare with Figure 187-7 ). 

 

Figure 187-7 Anterior laryngofissure with division of the posterior and lateral lamina of cricoid, together with posterior cricoid cartilage graft insertion. A, Horizontal skin incision incorporates the superior aspect of tracheotomy. B, Skin 
flap elevated in the neck and laryngofissure. C, Division of the posterior lamina of cricoid. D, Autogenous cartilage graft interposed posteriorly between divided ends of the cricoid lamina and sutured in place. E, Laryngofissure closed 
anteriorly with a supra stomal stent in place. F, Anchoring suture through supra stomal stent. 



 

Figure 187-8 Donor site of a costal cartilage graft used for anterior augmentation of stenotic cricotracheal area. A, Incision over the fifth costal cartilage to obtain a costal cartilage graft. B, Perichondrial incisions are made along the inferior 
and superior borders of the rib, with care taken not to injure underlying cartilage. C, Dissection in the subperichondrial plane is accomplished so that the pericardium on the posterior part of the rib remains in situ on the chest wall of the 
patient. D, A 4-cm length of costal cartilage is removed and placed in physiologic saline solution. Lining perichondrium remains only on the anterior aspect of the graft. E, Costal cartilage graft is shaped into an ellipse and beveled to prevent 
the graft from settling into the lumen. 

 

Figure 187-9 Anterior cartilage graft. A, Vertical incision is made into the thyroid cartilage from a point immediately below the anterior commissure through the upper tracheal rings, with care taken to remain in the midline. B, Intraluminal 
scar and lining mucosa are incised along the length of the stenotic segment. C, Costal cartilage is shaped into a modified boat and placed in position with the lining of the perichondrium facing internally. 

 

Figure 187-10 Partial cricoid resection with thyrotracheal anastomosis. A, Anterior view of the stenotic area to be resected, including the anterior cricoid lamina. B, Lateral view of the same area. Note the preservation of the posterior cricoid 
lamina and the location of the recurrent laryngeal nerve. C, After resection. The trachea is beveled and approximated to the subglottis. D, Suturing is completed (3-0 polyglactin 910). E, If a posterior subglottic thick scar is present, it is 



resected with preservation of the posterior cricoid cartilage, and a mucosal flap is developed from the posterior tracheal wall. F, Suturing of the mucosal flap is performed, and coverage of raw areas is achieved. 
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Chapter 188 - GASTROESOPHAGEAL REFLUX AND LARYNGEAL DISEASE

Philippe Narcy 
Philippe Contencin 
Thierry Van Den Abbeele 

INTRODUCTION

Good evidence has shown that a relationship exists between gastroesophageal reflux (GER) and chronic or recurrent otorhinolaryngologic disorders, but the link is poorly understood and controversial. In the late 1800s, hiatal hernia was 
clinically shown to aggravate disorders of the lower airway.[12] GER-related otolaryngologic disorders, formerly called atypical manifestations of GER, are now included in the disease.[2] However, even when pathologic GER is shown, other 
causes should be sought because GER also can result from airway obstruction.

GER is an abnormal and repeated rise of gastric contents into the esophagus. There are three main forms[6] : 

1.  Physiologic GER occurs in the postprandial period. Small amounts of refluxed material cause burping at any age and a small degree of emesis in the infant. Esophageal pH monitoring is normal.
2.  Functional GER is seen when frequent (at least daily) emesis occurs, with an esophageal pH less than 4 for more than 5% of the recorded time. Patients report to complications. This form is difficult to differentiate from silent GER, 

which can hide related respiratory disorders.
3.  GER disease (GERD) is believed to have gastrointestinal (GI) or extra-GI signs. GI signs include emesis, dysphagia, choking, gagging, and failure to thrive in children. Extra-GI signs are chronic coughing, wheezing, hoarseness, sore 

throat, stridor, recurrent croup, and obstructive apnea. Heartburn is extremely rare.

Every pathogenic aspect of GER is caused by inappropriate, transient relaxation of the lower esophageal sphincter and by motor disturbances of the esophagus, leading to a poor esophageal clearance. In addition, delayed gastric emptying 
and increased gastric acidity may contribute to the reflux. According to gastroenterologists, at least 20% of infants experience clinical GERD.[3] Screening is important for patients who experience silent GER with respiratory symptoms 
because major complications can occur.[4] However, GER is so frequent in children that other causes of chronic inflammation of the airway should not be forgotten.[4] 

PATHOGENIC MECHANISM

Two main hypotheses have been proposed for the airway-GER relationship.

Direct Contact and Microaspiration

Regurgitated gastric contents climb to the laryngeal inlet where they can stagnate or pass through the glottis into the tracheobronchial tree. This has been shown by esophageal nuclide scintiscan. Simultaneous esophageal and pharyngeal pH 
probes and two-channel recording for 18 to 24 hours have detected refluxed material in the esophagus of most patients and in the pharynx of some patients.[9] [10] The same findings have been reported in children with recurrent croup.[5] Pepsin 
and biliary salts plus other components of GI origin found in the refluxed liquid are considered harmful to the laryngeal epithelium.[13] 

Vagal Reflex

Chemoreceptors located in the lower esophagus may send neurovegetative signals through the vagus nerve to the central nervous system and produce bronchial dilation and hypersecretion with submucosal edema, which may extend up to the 
larynx.

Direct contact between gastropharyngeal reflux material and the larynx is the most likely mechanism, although both hypotheses could be involved.
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However, even if there is a correlation, GER should still be considered a potential consequence of the airway disorder.

GER-RELATED DISORDERS

The most frequent GER-related disorders in the airway of children of any age seem to be laryngeal diseases ( Box 188-1 ). In older children and adults, dysphonia is the most frequently reported pathologic sign, along with pharyngeal 
symptoms (e.g., pain, globus sensation). Recurrent subglottic laryngitis with dyspnea (croup) is the most common way in which GER influences the airway in pediatric patients. A statistically significant correlation with GER was found in 
patients with recurrent croup using two-channel pH monitoring. [5] Successful anti-GER therapeutic trials and recurrences after stopping management also were noted in patients with recurrent croup.[13] GER seems to be important in the 
development of subglottic stenosis. Long-term endotracheal intubation leads to increased acid pharyngeal reflux. Animal studies have shown that acid placed on the subglottic mucosa after local trauma leads to granulation tissue and fibrous 
scarring with subsequent stenosis. Some believe that the successful surgical management of subglottic stenoses in children depends on the control of GER.[8] This topic is controversial, [15] but GER should be sought and managed in cases of 
surgery for this and other laryngeal abnormalities (e.g., posterior cleft).[7] 



However, the most important GER-associated laryngeal phenomena in babies are motor disorders. GER is found in more than 80% of cases of laryngomalacia. [1] GER may cause edema at the laryngeal inlet. GER also may be induced by the 
negative endothoracic pressure resulting from the airway obstruction. It is probably only associated with pharyngoesophageal motor anomalies that are caused by the neurologic dysfunction that determines laryngomalacia. [1] Glottic and 
pharyngoesophageal dysfunctions that occur with GER lead to aspiration. Laryngeal adductor responses seem to coincide with reflux in the premature newborn, with subsequent obstructive reflex apnea.[11] Reflex apnea is considered to be a 
cause of sudden infant death syndrome (SIDS) in children who were carried to full term. A laryngeal adductor response, a central apnea linked to esophagitis, and obstruction of the nasopharyngeal airway also may be one of the etiologies of 
SIDS. GER-induced stimulation from chemoreceptors at the laryngeal inlet seems to enhance the risk of apnea in infants with a central hyposensitivity to hypercapnia or hypoxia. However, the etiology of SIDS is multifactorial. Last, a 
chronic cough at any age may be a GER-related disorder.

 
 

Box 188-1. LIKELY GASTROESOPHAGEAL REFLUX-RELATED LARYNGEAL DISORDERS IN 
INFANTS AND CHILDREN

Recurrent croup (shown by pH monitoring) 
 
Laryngospasm (shown by pH monitoring) 
 
Laryngomalacia 
 
Hoarseness 
 
Subglottic stenosis (and laryngeal surgery) 
 
Aspiration 
 
Chronic cough 
 

 
 
DIAGNOSIS

A patient history of digestive and respiratory symptoms provides rapid, low-cost diagnosis of GERD ( Figure 188-1 ). When otolaryngologic symptoms are found, other respiratory signs and symptoms should be noted by careful questioning 
and examination. Classic GI signs and symptoms should be ruled out. In infants, feeding difficulties with tears, apparent life-threatening events with hypotonia, and paleness or cyanosis (near-miss SIDS) while supine should be recorded. A 
family history of GER is also significant. Radiographic studies with barium swallow are unreliable for diagnosis of GER. An esophageal and full thoracic scintiscan with ingestion of nuclide elements detects contamination of the lower 
airway with ingested materials. However, microaspiration is not necessary to produce a GER-related airway disorder. In addition, this technique is not routinely available in many centers. Finding lipid-laden macrophages at bronchial lavage 
confirms microaspiration down to the bronchi. Esophagoscopy with a flexible fiberscope may contribute to diagnosis because it can show esophagitis and large hiatal hernia. These abnormalities are rare in extra-GI manifestations of GER. 
Laryngoscopy and bronchoscopy also can point to the risk of aspiration when erythema in the posterior glottis and subglottis are found associated with cobblestoning of the posterior supraglottic area.[4] 

Esophageal pH monitoring is considered by gastroenterologists to be the gold standard for diagnosing GER. Acid periods recorded during 18 to 24 hours can be correlated with airway manifestations (e.g., cough, stridor). An abnormal 
percentage of the recorded time at a pH less than 4 allows the physician to manage the GER. However, a negative test does not rule out GER. Combined pharyngeal and esophageal pH records showed that brief refluxes can reach the 
laryngeal inlet and cause problems, whereas classic standards for this pH test are considered normal with a poor total acid time. Thus, no single test is perfect for diagnosing GER, and it is difficult to prove that GER is
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Figure 188-1 Diagnosis of gastroesophageal reflux in ear, nose, and throat. 
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Chapter 189 - ASPIRATION AND SWALLOWING DISORDERS

Philippe Narcy 
Philippe Contencin 



Thierry Van Den Abbeele 

INTRODUCTION

Respiration and feeding share certain anatomic features. The central nervous system separates the functions by coordinating highly specialized structures, especially the pharynx. This complexity often makes it difficult to diagnose the 
etiology of swallowing disorders in children because the number of causes may be misleading. Thus, upper airway obstruction is often exacerbated by feeding, with the risk of inappropriate diagnosis of swallowing disorder. A detailed 
history and thorough physical examination are always necessary.

PHYSIOLOGY

Normal Swallowing

Swallowing is divided into three stages: 

1.  The oral stage is the sucking reflex in infants. It consists of a sequence of labial and buccal constrictions, with elevation of the tongue similar to a piston in a cylinder. This pump-like reflex is associated with other archaic reflexes, such 
as the rooting reflex, which is elicited by stroking around the mouth and results in movement of the head toward the stimulus. These reflexes gradually disappear after 3 to 4 months and are replaced by voluntary control. The 
development of swallowing skills seems to parallel the types of food eaten. [15] Bottle- or breast-feeding of liquids occurs from birth to 4 months, spoon-feeding of pureed food occurs after 4 months, and chewing of solid food occurs after 
12 months. This first phase in 1-year-olds comprises the independent functions of chewing and moving food by combined movements of the tongue and the mandible (the oral preparatory phase).

2.  The pharyngeal stage is the most complex. It starts when the bolus reaches the oropharynx, where there are tactile receptors. Many safety mechanisms ensure that the bolus is directed toward the esophagus. One is elevation and a 
posterior bulging of the tongue base, while its anterior portion plates against the palate, followed by elevation of the soft palate to close the nasopharyngeal inlet. Also, the larynx elevates, the cricoid tilts forward, the glottis tilts 
backward, and the laryngeal inlet closes. Last, there is contraction of the pharyngeal constrictor muscles with simultaneous relaxation of the superior sphincter of the esophagus. At the same time, breathing is inhibited. 
This second phase is short, less than 0.5 seconds, and occurs during apnea. The lower airway is protected by closure of the vocal folds and by elevation of the larynx combined with the bulging of the base of the tongue. The rise of the 
larynx under the overhanging tongue is critical for airway protection. The epiglottis plays only a secondary role by dividing the bolus into two lateral currents toward the pyriform sinuses. This pharyngeal phase of deglutition is a 
reflexive function, but it can be released voluntarily. Once initiated, it cannot be arrested.

3.  The esophageal stage is a wave of peristaltic contractions that propagates downward in 7 to 8 seconds. Liquids cross the esophagus more rapidly when gravity is favorable, taking about 2 seconds.[3] 

Neurologic Control

The neurologic coordination of swallowing, which involves many groups of muscles, is under brainstem control (nuclei of the cranial nerves [CNs] and swallowing center situated in the reticular formation). The CNs concerned are the 
trigeminal nerve (V) for labial
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and bucco-lingual sensitivity and for mandibular and palatal motricity; the facial nerve (VII) for lingual sensitivity and for bucco-facial motricity; and CNs IX and X for palatal, pharyngeal, and laryngeal sensitivity and for pharyngeal and 
laryngeal motricity. Last, CNs XI and XII are involved in pharyngeal, laryngeal, and lingual motricity.

The pharyngeal phase of swallowing depends totally on the integrity of the central nervous system. A deficit of the swallowing center or cranial nerve nuclei may result in aspiration caused by decreased pharyngeal contraction or laryngeal 
elevation, or decreased pharyngolaryngeal sensitivity. However, the functioning of esophageal peristaltic waves is independent of the brainstem and is only slightly affected in central nervous system deficiencies.

Neurologic Maturation

The maturation of swallowing mechanisms is extremely complex and requires the structural integrity of the central nervous system. Swallowing begins during fetal life, as early as 4 months of gestation. Even at this stage, swallowing is 
essential for the regulation of amniotic fluid volume. About half the total amniotic fluid volume is swallowed per 24 hours at the end of the gestation.[11] Although sucking movements appear early in fetal development after palatal closure at 
10 weeks of gestation, they are not efficient and readily tire in the premature newborn. In contrast, they are immediately efficient and robust in full-term newborns. [9] However, because the tongue has piston-like movements, it is difficult to 
introduce solid food until the third or fourth month after birth. Younger babies plate solid food against the palate and then regurgitate it. The pharyngeal stage is entirely reflexive and is already present in the premature infant. This reflex is 
mainly initiated by the sensitivity of the pharyngeal walls, but it is also the consequence of the buccal phase of swallowing.

Relaxation of the upper esophageal sphincter occurs at the same time as the contraction of the pharyngeal constrictor muscles and starts the esophageal phase. This stage is purely reflexive and is mature before birth. Relaxation of the 
gastroesophageal inferior sphincter occurs after 0.5 seconds instead of after 1.5 to 2 seconds because the esophagus of infants is shorter than that of adults. [3] Feeding development is greatly influenced by anatomic changes during growth. In 
the healthy infant, swallowing is purely reflexive and under brainstem control. Gradually swallowing comes under voluntary control by the suprabulbar centers and the cortex. The oral stage becomes voluntary, but the pharyngeal and 
esophageal phases remain involuntary.[15] 

DIAGNOSIS

Clinical Examination

A thorough clinical examination is indispensable for diagnosis ( Figure 189-1 ) and should include observation of the child during eating or drinking. For a newborn or an infant, the examiner can put a finger into the baby's mouth to check 
for the presence of archaic reflexes and to test the suction strength. The mandible, mouth, tongue, and palate should be carefully examined, including the mobility of the soft palate. This minimal clinical examination should be completed by a 
pharyngolaryngeal fibroscopy to study the dynamic sequence of swallowing, laryngeal mobility and coordination, and the accumulation of pharyngolaryngeal secretions.



Clinical Features

The most frequent and most typical clinical problem is aspiration, with bursts of coughing, apnea, or cyanosis at each attempt at feeding or with unremitting coughing and bronchoalveolar infection caused by the chronic aspiration of saliva.

 
Figure 189-1 Diagnosis of swallowing disorders. 

 
 

Box 189-1. CLASSIFICATION OF CAUSES OF SWALLOWING DISORDERS

I.  Anatomic defects
A.  OROPHARYNGEAL MALFORMATIONS

Nasal obstruction (e.g., choanal atresia, deviated septum, obstructive neonatal rhinitis) 
 
Cleft palate, submucous cleft 
 
Laryngomalacia 
 
Robin syndrome 
 
Macroglossia: Beckwith-Wiedemann syndrome 
 
Pharyngeal diverticula or tumors 
 

B.  ESOPHAGEAL DISORDERS
Esophageal atresia 
 
Tracheoesophageal fistula 
 
Congenital stenosis 
 
Secondary stenosis (anastomotic, caustic, peptic esophagitis) 
 
External compression (vascular, tumor) 
 
Esophageal tumors (e.g., leiomyomas, hamartomas) 
 

II.  NEUROMUSCULAR BRAIN DISORDERS



Mental retardation 
 
Cerebral palsy 
 
Cranial nerve palsy (V, VII, IX, X, XI, XII) 
 
Brainstem disorders (e.g., immaturity, Möbius' syndrome, Guillain-Barré syndrome, poliomyelitis) 
 
Muscle disorders (e.g., myasthenia, myotonia, Duchenne's syndrome, dermatomyositis) 
 
Congenital pharyngeal dysfunction 
 
Cricopharyngeal achalasia 
 
Polymalformative syndromes (e.g., CHARGE [coloboma, hearing deficit, choanal atresia, retardation of 
growth, genital defects, endocardial cushion defect] association, Cornelia de Lange's syndrome, Prader-Willi 
syndrome, Hallermann-Streiff [oculomandibulofacial] syndrome, fetal alcohol syndrome) 
 

III.  INFLAMMATORY DISORDERS
Cricopharyngeal spasm 
 
Swallowed corrosives 
 
Infections (e.g., candidiasis, herpes stomatitis or esophagitis, Stevens-Johnson, acquired immunodeficiency 
syndrome) 
 

IV.  TRAUMA
Foreign bodies 
 
Traumatic pseudodiverticula of pharynx 
 
Perforation of esophagus 
 

 
 
The many other causes of swallowing disorders are difficult to classify (see Box 189-1 ). Laryngeal palsy, especially unilateral, can cause swallowing disorders as a result of incomplete glottic closure, the association of a deficient 
pharyngolaryngeal sensitivity, or a
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pharyngeal palsy. Severe laryngomalacia is caused by insufficient laryngeal elevation during swallowing or associated central nervous system abnormalities. Gastroesophageal reflux is responsible for acute painful esophagitis, and it 
sometimes causes preprandial or postprandial lethargy, superior esophageal sphincter dyskinesia, and esophageal peptic stenosis. Achalasia of the superior esophageal sphincter is related to an asynchronism between the release of the 
permanent tonus of the sphincter and the contraction of the pharyngeal constrictor muscles.[13] The retroesophageal right subclavicular artery is often believed to be responsible for swallowing disorders because this malformation is frequent 
and easily diagnosed. However, clinicians should be careful before opting for surgery because the vascular compression is generally not significant enough to explain the swallowing disorders. Management of other associated causes (e.g., 
GER) can ameliorate the symptoms and avoid surgery.

When the configuration of the upper respiratory-digestive tract is normal, most swallowing disorders have a neurologic origin. Immaturity of the neurologic command is often retained after clinical, radiologic, and endoscopic procedures fail 
to find a precise cause. In some cases, dysphagia is caused by congenital pharyngeal dysfunction, which recovers spontaneously after a few months.[10] 

Swallowing Disorders in Infants and Children

Swallowing disorders generally occur in neurologically impaired children (genetics, cerebral palsy, neuromuscular diseases) and are usually revealed by coughing during feeding and recurrent bronchopneumonitis or wheezing rather than by 
bradycardia or choking. However, the appearance of swallowing disorders is rare in infants and children and can reveal previously unknown neurologic disorders. Neurologic compression of the brainstem or the posterior fossa by tumors or 
malformations (Arnold-Chiari) should first be ruled out,[8] but infectious diseases including poliomyelitis, Guillain-Barré disease, Lyme disease, and other forms of viral neuritis or polyradiculoneuritis are probably more frequent. Occult 
pharyngeal or esophageal foreign bodies can be discovered after a long period of swallowing disorders. Peptic stenosis complicating occult GER disease or achalasia is rarely diagnosed.

MANAGEMENT

Management of esophageal atresia ( Figure 189-2 ) and related malformations requires neonatal repair, with closure of the tracheoesophageal fistula and establishment of esophageal continuity by anastomosis of the upper and lower 
segments. Preoperative and postoperative management is essential for a successful outcome and requires close cooperation between intensive care units and surgeons. The only postoperative complications that require a second surgical 



procedure are recurrent fistulas and early anastomotic leakage. Anastomotic strictures are often managed conservatively by recurrent dilations. Almost half of the patients have feeding difficulties often related to GER with esophagitis or 
esophageal incoordination. [4] This makes it difficult for patients to swallow lumpy food, and they tend to have recurrent aspirations or have foreign bodies. All children should be given minced, thickened food. GER is probably not 
responsible in itself for the feeding difficulties but is likely to aggravate them. Medical management should be considered before an antireflux procedure.[7] 

Cases of central neurologic disorders or immaturity are more frequent in older children. Management requires a multidisciplinary approach. The methods depend greatly on the severity of the swallowing problems (see Figure 189-1 ). They 
may include oxygen therapy, GER therapy, antibiotics, and other pharmacologic management. The possibility of oral feeding should be evaluated first, together with water, caloric, and protein requirements. If possible, minimal oral feeding 
should be preserved with fewer liquids, thickening of food, supplemental tube feeding, and hydration.

Physiotherapy for deglutition with adjustment of the feeding positions, reinforcement of the pharyngeal phase, and self-control of the laryngeal elevation are helpful and may be checked by videofluoroscopic recordings.[14] Oral feedings 
should be stopped if recurrent aspirations occur despite this management. Gastrostomy, especially with the endoscopic percutaneous technique, seems to be preferable to long-term nasogastric feeding.[2] [8] Indeed, nasogastric tubes increase 
the incidence and the consequence of GER and salivary aspirations. They are often removed by the children, so they require repeated and traumatizing replacement.

Aspirations rarely persist once oral feeding is stopped. There is no universal agreement as to management of these children. Tracheotomy is the most simple technique, but it often increases swallowing disorders by reducing the laryngeal 
elevation. Other surgical procedures have been proposed to separate the airway and the oral tract.[5] [6] They include epiglottopexy, laryngeal diversion, supraglottic or subglottic laryngeal closure, or stenting. All require a tracheotomy. The 
disadvantages of such procedures should be carefully weighed before any decision for surgery. Subglottic closure with a prosthesis seems to be the most simple and reversible technique.[6] 
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Figure 189-2 Management of swallowing disorders. 
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Chapter 190 - VOICE DISORDERS

Sukgi S. Choi 
George H. Zalzal 

INTRODUCTION

Voice production starts with the expiration phase of respiration, which provides the air pressure to vibrate the vocal cords. The lowest periodic component of vocal fold vibration is termed fundamental frequency and is perceived as pitch.[62] 
Harmonics are integer multiples of fundamental frequency in voiced sounds. The energy or intensity in the harmonic components decreases as frequency increases.

Sound waves generated by vocal fold vibration are modified by the size, shape, and tenseness of the resonating chamber, which consists of the oropharynx, the nasopharynx, and the nasal cavities. The resonance of the vocal tract is termed 
formant.[62] Although an infinite number of formants exist, only the first four formants (F1, F2, F3, and F4) are of clinical interest; the lowest-frequency formant is F1. Each formant is characterized by its center frequency and band-width. 
Constriction of the vocal tract near a volume velocity maximum or minimum can lower or raise the formant frequency, respectively. The resulting sound wave is further modified by the articulators (lips, teeth, tongue), resulting in voice and 
speech production. A normal voice should be pleasing in quality and have appropriate balance of oral and nasal resonance, intensity, fundamental frequency level, and prosody. Voice disorder can result in a voice that is unpleasant for the 
listener or can interfere with effective communication.

The underlying cause of a voice disorder can be organic or functional. Organic voice disorders result from congenital or acquired anatomic abnormalities. Functional disorders are caused by emotional or psychological problems but can lead 
to anatomic alterations. However, even when a voice disorder results primarily from an organic cause, there is often a psychological overlay.[92] 

Although the reported incidence of voice disorders in children varies greatly, most voice surveys of children show a 6% to 9% incidence of voice disorders.[102] Voice disorders are categorized depending on the area of problem: voice quality, 
resonance, loudness, and pitch. This classification is arbitrary, and a voice disorder often has several problem areas. Any anatomic abnormality involving the free edge of the vocal cord can affect voice quality and result in harshness, 
breathiness, or hoarseness. Disturbances in resonance can be caused by hypernasality or hyponasality. Loudness or intensity problems occur when a child speaks too loudly or too softly. Deviations in pitch occur with inappropriate speaking 
fundamental frequency, narrow pitch range, or excessive pitch breaks. An algorithm for the evaluation and management of voice disorders is outlined in Figure 190-1 .

EVALUATION

The evaluation of a voice disorder in a child requires a systematic approach. Additional evaluation by specialists from a variety of disciplines including a pediatrician, gastroenterologist, psychologist, and social worker may be necessary. A 
detailed history, including medical, birth, growth and development, and speech and language history is obtained, followed by detailed voice history to determine the cause of the voice disorder and its contributing factors, potentially including 
any pulmonary disease. Typically, voice history should include a description of the disorder, time of onset, any known causes, severity of the disorder, exacerbating or alleviating factors, voice use history, and any previous history of voice or 
speech therapy.

Physical examination should concentrate on the head and neck. The ears are examined for evidence of previous and current ear disease. A nasal examination should reveal any deviation of the septum and turbinate abnormalities. An 
oropharyngeal examination should focus on the structural integrity and mobility of the soft and hard palates and be followed by flexible fiberoptic nasopharyngolaryngoscopy. This
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Figure 190-1 Evaluation and management of voice disorders. 

 

Figure 190-2 Voice tracing of a normal voice sustaining a prolonged vowel: mean fundamental frequency, 332.53 Hz; jitter, 0.36%; shimmer, 1.9%; harmonic/noise ratio, 12.37 dB. 

 

Figure 190-3 Voice tracing of a hoarse voice (caused by vocal nodules) sustaining a prolonged vowel: mean fundamental frequency, 220.60 Hz; jitter, 2.26%; shimmer, 4.34%; harmonic/noise ratio, 7.84 dB. 
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cord function is possible after 2 to 3 years, late recovery is often incomplete because of laryngeal muscle atrophy, synkinesis, and cricoid fixation.[106] If vocal cord function does not return spontaneously after 10 to 12 months, surgery to 
decannulate the child should be considered.[16] [77] 

Surgical options to correct bilateral vocal cord paralysis consist of reinnervation with a nerve-muscle flap, cordotomy, lateralization procedures (e.g., arytenoidopexy), arytenoidectomy through a posterolateral external approach, 
arytenoidectomy through laryngofissure, or endoscopic arytenoidectomy. * Reinnervation of the posterior cricoarytenoid muscle is not universally successful, [24] although Tucker[93] reported it to be the management of choice in children. 
Because of the small size of the laryngeal structure, endoscopic techniques can be more difficult and less successful in children.[16] [39] Cordotomy, a procedure in which the membranous vocal fold is sectioned from the vocal process of 
arytenoid, has limited use in children and may be useful as an adjunct to other procedures.[43] [59] Narcy, Contencin, and Viala[77] found Woodman's procedure to have a higher failure rate and recommended arytenoidopexy by an external 
posterolateral approach. However, Bower, Choi, and Cotton[16] recommended arytenoidectomy through a laryngofissure because it provided better exposure, better control over the final cord position, and a high rate of success (84%). 
Although most patients have adequate voice postoperatively, breathiness, hoarseness, and pitch change are seen, and patients may require speech therapy. The resulting voice disorder is inversely proportional to the adequacy of the airway.

Unilateral vocal cord paralysis rarely requires airway intervention and often goes unrecognized until the child is older. The voice in unilateral vocal cord paralysis is hoarse, weak, and breathy. It usually improves spontaneously over 6 to 12 
months by contralateral cord compensation; recovery may be hastened by the use of speech therapy. However, in a few patients, persistent problems with dysphonia or aspiration require surgical intervention.[69] Surgical options include vocal 
cord injection, surgical medialization, and reinnervation. Surgical interventions should be done in conjunction with preoperative and postoperative speech therapy.

Polytef injection immediately improves voice; however, it is irreversible and changes vocal cord vibratory characteristics and thus results in poor vocal quality. Furthermore, in children, determining the amount of polytef to inject is difficult 
because general anesthesia is often necessary and airway obstruction is possible because of the small size of the larynx.[93] Levine and colleagues[69] recommended injection of an absorbable gelatin sponge, which is similar to polytef injection 
except its effects are temporary. Fat injection was recently introduced and appears to be well tolerated by the body, does not cause the vocal cord to become stiff, and is not absorbed extensively.[73] 

Several surgical techniques are available for medialization of the vocal cord.[53] [54] [55] [93] Isshiki type I thyroplasty is theoretically reversible and does not change the vibratory characteristics of the vocal cord; however, it does not restore 
tensioning capability of the vocal cords and requires external incision and a temporary tracheotomy in most cases. In children, this procedure is technically more difficult and may cause airway compromise. Experience with thyroplasty in 
children has been limited because of a lack of knowledge about the effect of this technique on thyroid cartilage growth. [69] Gray and his colleagues[43] recommend thyroplastic operations only in patients with mature larynx because they feel 
that the operation may fix the distance between the arytenoid and thyroid cartilage. Link and others[70] have reported their experience with thyroplasty in children ages 2 to 17 years and have recommended modified surgical approach in 
children to compensate for their lower position of vocal folds. Although voice quality improves using objective measurement, the resulting voice is not ideal. [44] 

Selective reinnervation of the adductors of the larynx does not compromise potential spontaneous recovery, necessitate tracheotomy, or preclude eventual use of other techniques; it restores tensioning capability, thereby providing better pitch 
control. However, it is an open procedure, and motion may not be observed for up to 6 months.[93] Excellent results have been reported by Crumley[28] and Tucker.[93] Tucker advocated it to be the procedure of choice in children.[93] 

Polyps.

Vocal cord polyps occur infrequently in children and adolescents. [58] [76] They arise from chronic abuse of the larynx or from a single traumatic episode. Hoarseness is the most common presenting symptom. The polyps occur at the junction of 
the anterior and middle third of the vocal cord and may be fusiform, pedunculated, or generalized. [63] A recent study showed that polyps are caused by circulation impediment, thrombosis, exudation, and edema of the lamina propria. 
Inflammation and secondary atrophy of the vocal cord epithelium occur.[22] Baker[6] reported similar findings in 1963.

The management of vocal cord polyps involves surgical removal. [14] [63] [97] Pedunculated polyps are removed

*References [16] [59] [77] [90] [94] [105] . 
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at the base using carbon dioxide (CO2 ) laser or microscissors. For generalized polyps, an incision is made over the superior surface of the vocal cord, and the fibrous exudate is suctioned out or vaporized.[14] [101] The resulting voice quality 
depends on the degree of irreversible damage to the superficial layer of the lamina propria by fibrous or hyaline infiltration. Speech therapy is recommended before and after surgery to prevent recurrences.[14] [103] 



Laryngeal web.

Smith and Caitlin[86] reported that glottic web and atresia account for 5% of congenital anomalies; however, some consider the true incidence of congenital web of larynx to be more common, whereas others consider it more rare. Web occurs 
because of failure of the epithelium, which temporarily obliterates the developing laryngotracheal lumen, to reabsorb during the eighth week of embryogenesis. Glottic web is classified depending on its severity. [25] Type 1 is an anterior web 
involving 35% or less of the glottis. True cords are visible within the web, and there is little or no subglottic extension. Although there is usually no airway obstruction, voice dysfunction is common. Type 2 is an anterior web involving up to 
50% of the glottis. True cords are usually visible within the web, and subglottic involvement is minimal. Voice disorder is the common presenting symptom. However, airway compromise can be seen with upper respiratory tract infections. 
Type 3 involves up to 75% of the glottis, and the anterior portion of the web is solid and extends into the subglottis. Most of the true cords are visible within the web. Airway obstruction and voice disorder are moderately severe. Type 4 
involves up to 90% of the glottis, and the web is uniformly thick and extends into the subglottic area with resulting subglottic stenosis. Infants with this type of web are aphonic with severe airway compromise.

In 1985, Cohen and others[23] reviewed 51 children with laryngeal web and recommended that surgery be tailored according to web severity. A type 2 web was divided with a knife, microsurgical scissors, or laser followed by dilations. Types 
3 and 4 were managed by tracheotomy and insertion of a laryngeal keel through a laryngofissure. The anterior commissure is not adequately reconstructed by any surgical procedure, and the resulting voice continues to be abnormal and 
requires vocal rehabilitation.

Recommended management of a thin laryngeal web involves endolaryngeal division of the web with a knife or CO2 laser with temporary placement of a keel to prevent readhesion. Thick glottic webs are approached through precise midline 
thyrotomy, a laryngofissure with removal of excess tissue under direct vision using a fiberoptic laryngoscope, and placement of a mucosal graft fixated with fibrin glue or stenting.[56] The use of CO2 laser in cases of thick web is not 
recommended. The resulting voice is reportedly satisfactory, but objective postoperative analysis of voice is unavailable.

Posterior glottic stenosis and cricoarytenoid joint fixation.

Posterior glottic stenosis in children can be congenital (e.g., caused by interarytenoid web or cricoarytenoid fixation). More commonly, posterior glottic stenosis results from airway trauma from intubation. Bogdasarian and Olson [12] classified 
posterior glottic stenosis into four types. This classification was later modified for the pediatric population by Irving, Bailey, and Evans.[51] Type I is vocal process adhesion, type II is posterior commissure or interarytenoid scar, type III is 
congenital or acquired unilateral cricoarytenoid fixation with or without interarytenoid scar, and type IV is congenital or acquired bilateral cricoarytenoid fixation with or without interarytenoid scar.

With interarytenoid web and scarring, there is bilaterally impaired abduction but normal adduction; these patients tend to have a normal voice.[7] The main presenting symptom in these cases is airway compromise. In cricoarytenoid joint 
fixation, adduction and abduction of the vocal cord are limited, which may also cause dysphonia. To distinguish cricoarytenoid joint fixation from vocal cord paralysis, palpation of the cricoarytenoid joint at rigid endoscopy is necessary. 
Laryngeal electromyography may be necessary for definitive diagnosis.

Benjamin and Mair[9] noted that interarytenoid webs are often associated with other airway abnormalities. They recommend that interarytenoid web be managed by long-term watchful waiting or by tracheotomy if associated abnormalities of 
the airway exist. In the case of pediatric posterior glottic stenosis, arytenoidectomy should be avoided to prevent the possibility of aspiration, deterioration of voice, and difficulty with future airway repair.[107] Although many techniques have 
been tried, anterior and posterior cricoidotomy with posterior graft appears to give the most consistent results and is considered the procedure of choice in children.[51] [107] Improved vocal cord mobility has been observed postoperatively with 
this technique. [41] [107] 

The postoperative voice is considered to be functional in most children; a voice disorder consisting of hoarseness and breathiness often persists. [107] Bogdasarian and Olson[12] noted in adult patients that final voice results depended on the 
severity of stenosis; the same applies to children.

Recurrent respiratory papillomatosis.

Recurrent respiratory papillomatosis is the most common benign
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neoplasm of the larynx. Papilloma patients present with hoarseness or airway obstruction. Papillomas have a predilection for anatomic sites where ciliated and squamous epithelia are juxtaposed. Common sites in the larynx are the mid zone 
of the laryngeal surface of the epiglottis, the upper and lower margins of the ventricles, and the undersurface of the vocal cords.[60] Recurrent respiratory papillomatosis is most often diagnosed in patients between the ages of 2 and 3 years.[88] 
Juvenile and adult-onset forms of the disease are possible; the juvenile form has a more aggressive clinical course. The need for tracheotomy in juvenile recurrent respiratory papillomatosis is reportedly 14% to 21%.[26] [31] 

An association between cervical human papillomavirus (HPV) types 6 and 11 in the mother and recurrent respiratory papillomatosis in the child has been established.[1] [27] [61] [81] [89] HPV is found in the genital tract of approximately 25% of 
women of child-bearing age and is clinically apparent in 2% to 5%. Shah and others[84] estimate the risk of HPV transmission to be 1 in 400 vaginal births in mothers with active condylomata.

Surgery is the management of choice, although it is only palliative because the natural history of recurrent respiratory papillomatosis is one of recurrence. The goal of surgery is to establish a stable airway and a serviceable voice. Surgical 
options are CO2 laser ablation and microlaryngoscopy with forceps removal; CO2 laser ablation is generally accepted as the procedure of choice.[31] More recent reports indicate that removal of papillomas with microdébrider can be more 
efficient and atraumatic.[34] Papillomas are removed to the level of the mucosa or submucosa, avoiding the deeper muscular and ligamentous levels. Caution should be exercised in removing papillomas from the anterior and posterior 
commissure areas because irreversible scarring can result. Although removal of recurrent respiratory papillomatosis temporarily improves the voice, the increasing number of required procedures results in scarring of the vocal cords and 
deterioration of the voice.

Leventhal and others[68] recommended the use of interferon in any patient requiring surgery every 2 to 3 months. The duration of management should be 6 months. If there is neither a response nor a complete response, management should be 
discontinued, but if there is a partial response management should be continued. However, the results of interferon management of recurrent respiratory papillomatosis have been disappointing.[46] After the cessation of interferon therapy, there 
is a rebound effect and papillomas recur at an increased rate.[101] Intralesional administration of cidofovir, an acyclic nucleoside phosphate, has shown promise in treating severe cases of recurrent respiratory papillomatosis in pediatric patients. 
[80] Other adjuvant therapies (e.g., photodynamic therapy, acyclovir, ribavirin, isotretinoin, indole 3-carbinol) are infrequently used.[31] 

Malignant tumors.



Malignant tumors of the pediatric larynx are rare. Isolated case reports are seen in the literature, but more extensive experience is lacking. A 15-year review of malignant laryngeal tumors at a tertiary pediatric referral center revealed only 
four cases.[78] These laryngeal tumors are usually in the sarcoma group, most commonly rhabdomyosarcoma. Other malignancies include squamous cell carcinoma, lymphoma, mucoepidermoid carcinoma, neuroectodermal tumor, and 
metastatic carcinoma.[21] [40] [74] [108] Spontaneous malignant degeneration of longstanding recurrent respiratory papillomatosis has an incidence of 2% to 3%.[38] In addition, squamous cell carcinoma may be seen in patients who have recurrent 
respiratory papillomatosis and a history of radiotherapy.

Patients with laryngeal tumors present with voice change (often hoarseness), stridor, and progressive airway obstruction. Delay in diagnosis is common because of a low suspicion for malignancy. Any child with persistent hoarseness should 
thus be fully evaluated. Management goals are patient survival and preservation of laryngeal function, when possible. Management depends on the tumor histology and consists of combination surgery, radiotherapy, and chemotherapy.

Radiotherapy of a prepubescent larynx can result in a fibrotic infantile larynx with no useful voice, airway, or swallowing function.[78] This should be considered when deciding on a management protocol. Ohlms, McGill, and Healy[78] provide 
an example of a prepubescent child with a laryngeal rhabdomyosarcoma. Although radiotherapy may have provided adequate local control, total laryngectomy was chosen to improve local control. Total laryngectomy was justified because it 
provided a better chance of cure, whereas the larynx may have been useless after undergoing radiotherapy.

Vocal Cord Pathology: Medical

Granuloma.

Patients with vocal cord granuloma commonly exhibit hoarseness. Granuloma often results from intubation trauma. Habitual throat clearing, excessive glottal attacks, and reflux esophagitis are also important causal factors.[47] [99] Inflammation 
over the vocal process of arytenoid progresses to infection involving the perichondrium and formation of granuloma. Histologically, the granulomas are nonspecific reparative granulation tissue covered by hyperplastic squamous epithelium.[8] 
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Children with vocal cord granuloma should be evaluated for gastroesophageal reflux disease (GERD). The most reliable means of diagnosing GERD is prolonged (24-hour) pH-manometry study.[64] A reflux event is defined as a drop in the 
pH to less than 4. Normally, the time that pH is less than 4 is approximately 6.3% upright, 1.2% supine, and 4.2% total.[21] Other less specific and less sensitive methods are barium esophagography, radionuclide scanning, and lipid-laden 
macrophage testing for aspiration.

The primary management of vocal cord granuloma is management of the underlying GERD. Most granulomas resolve with medical management. Management of GERD involves[82] : (1) dietary and lifestyle modifications and the use of 
antacids; (2) H2 blockers (cimetidine, ranitidine, famotidine), prokinetic agents (bethanechol, metoclopramide, cisapride), and mucosal cytoprotectants (sucralfate) in combination; and (3) hydrogen ion blocker (omeprazole, lansoprazole) 
combined with surgical repair of hiatal hernia and the reestablishment of lower esophageal sphincter function.

Surgical removal (CO2 laser or sharp incision with microlaryngeal instruments) of the vocal cord granuloma is reserved for lesions causing airway obstruction.[8] [64] Regardless of the surgical technique used, recurrence is frequent. Although 
voice therapy has been recommended, it does not appear to be an effective primary management modality for vocal cord granulomas.

Vocal Cord Pathology: Speech Therapy with or without Surgery

Opinions about the management of cysts, sulcus vocalis, and nodules differ widely. Traditionally, surgery was discouraged in children because of the small size of the larynx, difficulty in reinforcing voice rest postoperatively, and high 
recurrence when underlying vocal behavior is not modified. Surgery was recommended for only the most recalcitrant and severe dysphonia. However, some surgeons have reported that surgery of the pediatric larynx is safe and technically 
feasible with good results, as seen in a series by Bouchayer and Cornut[14] of 191 children who underwent microsurgery. However, advocates of surgery recommend waiting until the child is 8 to 9 years old.[9] [14] In addition, a highly motivated 
patient and involved parents are prerequisites to surgery.

Preoperative and postoperative voice therapy is essential. Surgical intervention is most often performed by microsurgical technique, although CO2 laser is infrequently used. The principles of surgery are to remove the pathology with maximal 
preservation of normal mucosa and to avoid injury to the anterior commissure and vocal ligament.

Cysts and sulcus vocalis.

It is unclear whether epidermoid cysts and sulcus of the vocal cords are congenital or acquired lesions. Van Caneghem[96] and others[52] [57] support the view that these lesions are acquired, whereas Bouchayer and colleagues [15] theorize that they 
are congenital. In a series of 2334 patients, Bouchayer and Cornut[14] found that congenital lesions of the vocal cords were the most frequently seen benign lesions requiring surgical intervention; they believe these congenital lesions are often 
overlooked or misdiagnosed.

Patients with either lesion often present with hoarseness, voice breaks, and vocal fatigue. With epidermoid cysts, unilateral submucosal swelling of the superior mid-third surface often occurs with associated edema of the contralateral vocal 
cord. Reduced mucosal waves are seen on stroboscopy. Epidermoid cysts are lined with stratified keratinizing squamous epithelium and contain keratin debris. With sulcus vocalis, the surface epithelium invaginates into Reinke's space and 
adheres to the vocal ligament, resulting in a longitudinal furrow parallel to the edge of the vocal cord and an oval glottic chink. Stroboscopy shows incomplete closure of the free edges of the vocal cords.

Cysts and sulcus vocalis usually do not resolve spontaneously. [14] Epidermoid cysts are often mistaken for vocal nodules, and patients are thus referred for speech therapy. Referral to an otolaryngologist occurs when the voice disorder does 
not resolve after several months of speech therapy. Sulcus vocalis is often difficult to diagnose in children because careful examination of the larynx with a stroboscope is often impossible. These children are referred for voice abnormality 
that fails to improve with speech therapy.

Epidermoid cyst and sulcus vocalis are managed by microsurgery. For cysts, a mucosal incision is made on the superior surface of the vocal cord, parallel to the free edge, and the cyst is dissected. Bouchayer and Cornut[14] recommend 
intracordal injection of the surgical site with corticosteroid to decrease the inflammation. Woo and colleagues[104] reported improved laryngeal microsurgery results using 6-0 chronic Endoknot sutures to close the microflaps of the vocal cord. 
Sulci are resected by making incisions in the superior and inferior edges of the pocket and dissecting the pocket from the vocal ligament. A slicing mucosa surgical technique that detaches the mucosa of the sulcus and interrupts the 
longitudinal fibrotic tension line has been used with good results. [79] Although the resulting voice is improved compared with the preoperative state, it is not perfect. Postoperative speech therapy is important and has significant effect on voice 
results. Therapy is recommended for at least 3 to 6 months.
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Nodules.

Most voice disorders in children result from vocal nodules. Vocal nodules occur frequently, often as a result of misuse or overuse of the larynx (hyperfunctional state). Other conditions that can lead to predisposition for vocal nodules include 
gastroesophageal reflux and velopharyngeal insufficiency.[43] The incidence of hoarseness, a symptom of dysphonia, in schoolchildren is estimated to be approximately 5%.[98] Of children evaluated by an otolaryngologist for chronic 
hoarseness, 38% to 78% have vocal nodules. Thus, more than 1 million children in the United States have vocal nodules. Vocal nodules are most often seen as a child enters a group activity. They occur more commonly in boys. Patients with 
vocal nodules exhibit hoarseness and breathiness. A stroboscopic examination shows decreased mucosal waves and incomplete approximation of the free edges.[98] 

Vocal nodules result from mechanical trauma and occur at the free edge of the anterior and middle third of the vocal cord. Often, vocal nodules are bilateral, although unilateral nodules can occur. Vocal nodules develop in three stages[97] : (1) 
an inflammatory phase with increased vascularity and protein accumulation; (2) localized swelling on the edge of the vocal cord that appears as grayish, translucent thickening (nodules are reversible within 24 to 48 hours if trauma is 
eliminated); and (3) replacement of thickening by fibrotic tissue that appears gray or white. Histologically, circumscribed hyperplasia or hyperkeratinization and secondary hyaline degeneration in the lamina propria are seen.[22] 

Management options include speech therapy, surgery, speech therapy plus surgery, and no intervention. * It is difficult to determine the success of differing modes of management because follow-up of control groups (no management) is rare. 
Because of the benign nature of nodules, patients who undergo medical or surgical management are often lost to follow-up evaluation. The fact that vocal nodules in children often resolve spontaneously by puberty may also influence 
management. The most widely accepted management option for vocal cord nodules in children is speech therapy. According to von Leden,[98] most nodules resolve or show significant improvement within 3 to 6 months of initiating speech 
therapy. Surgery is considered in children who fail to show improvement with speech therapy and in whom severe hoarseness interferes with daily functioning.[9] [98] 

The surgical management of choice is microsurgical excision, although CO2 laser has been used. The nodule is stretched medially and removed at its base with microscissors without excessive mucosal removal. Bilateral nodules can usually 
be removed in one sitting; however, care should be taken to avoid injuring the anterior commissure. Some surgeons recommend removing bilateral nodules in stages that are 4 weeks apart.[9] Voice rest is recommended for 7 to 10 days. Long-
term results depend on the quality of speech therapy, but they are generally good. Recurrences are frequent without speech therapy.
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Chapter 191 - CONGENITAL DISORDERS OF THE TRACHEA



Reza Rahbar 
Gerald B. Healy 

INTRODUCTION

Congenital disorders of trachea range from minor malformations to complete agenesis. The tracheal lumen can be compressed externally or can be narrowed by an intrinsic developmental abnormality. Most infants with significant anomalies 
have stridor and respiratory symptoms in the perinatal period. Classically, biphasic stridor with a marked expiratory component is described. Associated symptoms may include cough, wheezing, episodic cyanosis, apnea, recurrent 
pneumonia, atypical or repeated croup, and feeding difficulties.

Initial evaluation of the patient with minimal respiratory distress should include a complete history, complete examination including auscultation of chest, and flexible laryngoscopy to rule out laryngeal abnormality that could accompany 
tracheal anomalies. Information regarding airway anatomy can be obtained through anteroposterior and lateral radiographs of the neck and chest. Contrast fluoroscopy of the upper aerodigestive tract should be considered in a patient with 
feeding difficulties. Abnormalities of the esophagus may help diagnose vascular compressions, tracheoesophageal fistulas, and neurologic conditions leading to aspiration or pharyngeal discoordination. Computed tomography (CT) and 
magnetic resonance imaging (MRI) may be helpful in delineating intrathoracic anatomy. Despite the availability of many radiographic techniques, patients with suspected airway pathology should undergo complete assessment of the upper 
aerodigestive tract with rigid endoscopy ( Box 191-1 ). Tracheal anomalies; can be divided into three groups: (1) tracheal abnormality; (2) tracheoesophageal fistula; and (3) tracheal deformity caused by vascular anomalies ( Box 191-2 ).

TRACHEAL ABNORMALITIES

Tracheal Webs

A web is usually a thin band of tissue spanning the tracheal lumen without deformity of the underlying cartilage. Treatment depends on the thickness and firmness of the web. Most webs are amenable to dilatation or laser transection. 
Application of mitomycin in the prevention of scar formation and recurrence of web formation seems to be beneficial.[18] [19] Resection and augmentation are reserved for thicker and longer strictures.

TRACHEOMALACIA

Tracheomalacia may present with or without laryngomalacia. It is a weakness of the tracheal wall, resulting in marked exaggeration of movement with respiration. With forced respiration, crying, or coughing, the posterior membranous 
tracheal wall approximates the anterior wall, reducing the tracheal lumen. Histologically, deficient cartilage and increased width of the membranous tracheal wall result in less cartilage support, allowing the wide and floppy posterior wall to 
balloon forward with expiration.

The clinical presentation typically includes expiratory stridor, often reminiscent of asthmatic wheezing, and varying degrees of respiratory distress. The cough may have a peculiar barking quality, and the neck may be hyperextended. Patients 
with severe tracheomalacia may have dramatic episodes of respiratory or cardiac arrest, termed reflex apnea or dying spells ( Box 191-3 ). [10] Tracheomalacia can often be diagnosed with airway fluoroscopy ( Figure 191-1 ).

Primary Tracheomalacia

Primary tracheomalacia is a rare congenital deformity of the tracheal rings that can be seen in premature infants, in infants with connective tissue disorders, and in otherwise healthy full-term infants. Premature infants with respiratory distress 
at birth are often managed with prolonged endotracheal intubation and ventilation. Tracheal enlargement and distention may be an acquired condition secondary to prolonged positive pressure ventilation. Mature infants may have
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similar presentation in the first few weeks of life, suggesting a congenital tracheomalacia. In both groups, diagnosis can be made with rigid endoscopy showing the characteristic findings of a widened posterior wall with expiratory collapse 
( Figure 191-2 ). Endoscopy should be performed with the patient breathing spontaneously, because positive pressure ventilation may mask the severity of the collapse. The condition usually improves with growth, and symptoms should 
resolve by 18 to 24 months of age. Tracheotomy with or without continuous positive airway pressure is sometimes required to stent the airway in severe cases.

 
 

Box 191-1. EVALUATION OF CONGENITAL TRACHEAL LESIONS

Symptoms 
 
Stridor, classically biphasic 
 
Wheezing 
 
Recurrent pneumonia, bronchitis, or croup 
 
Cyanosis 
 
Apnea or dying spells 
 
Diagnosis 



 
Auscultation 
 
Flexible fiberoptic laryngoscopy 
 
Anteroposterior and lateral neck films and chest radiography 
 
Barium esophagography 
 
Rigid endoscopy 
 
Computed tomography or magnetic resonance imaging: intrathoracic anatomy 
 

 
 
 
 

Box 191-2. TRACHEAL ANOMALIES

Tracheal abnormality 
 
Tracheal webs 
 
Tracheomalacia: primary, secondary 
 
Tracheal stenosis 
 
Tracheal enlargement 
 
Tracheal evagination 
 
Abnormal tracheal bifurcation 
 
Tracheal agenesis or atresia 
 
Tracheoesophageal fistula 
 
Tracheal deformity caused by vascular anomalies 
 
Innominate artery compression 
 
Double aortic arch 
 
Right aortic arch 
 
Anomalous subclavian artery 
 
Pulmonary artery sling 
 
Pulmonary artery dilation 
 

 
 
 
 



Box 191-3. EVALUATION OF TRACHEOMALACIA

Symptoms 
 
Expiratory stridor, wheezing 
 
Brassy, barking cough 
 
Hyperextension of neck 
 
Reflex apnea, dying spells 
 
Rule out vascular compression and congenital cardiovascular disease 
 

 
 
 
Figure 191-1 Lateral chest radiography shows tracheomalacia. A, Expiratory radiography shows anteroposterior collapse of the trachea with a resultant tracheal lumen of 8 mm. B, Inspiratory radiography shows a more normal tracheal 
lumen. 

 

Figure 191-2 Endoscopic view of tracheomalacia. There is a widened posterior wall with collapse of the tracheal lumen. 

 

Figure 191-3 Endoscopic view of tracheomalacia in a patient who underwent repair of a tracheoesophageal fistula. Note the indented semicircular rather than normal horseshoe shape of the tracheal cartilages. 



 

Figure 191-4 A, Endoscopic view of tracheal stenosis caused by complete tracheal rings. B, A surgical specimen of the trachea shows segmental stenosis secondary to complete tracheal rings. Note the internal diameter of the airway of 2 mm. 

 

Figure 191-5 Magnetic resonance imaging shows funnel-shaped tracheal stenosis in an infant with Pfeiffer's syndrome. Note the normal caliber of the upper third of the trachea. 

 
 

Box 191-4. EVALUATION OF TRACHEAL STENOSIS

Symptoms 
 
Respiratory distress 
 
Cyanosis 
 
Biphasic stridor with prolonged expiratory phase 
 
Wheezing 



 
Recurrent of atypical croup or bronchitis 
 
Rule out associated anomalies, including tracheoesophageal fistula, pulmonary hypoplasia, vascular sling, and 
trisomy 21 
 

 
 
Endoscopic assessment of the airway is the best method to diagnose and characterize the suspected congenital tracheal stenosis. The procedure is best performed with the patient under general anesthesia with rigid instrumentation.[11] Even in 
ideal conditions, the procedure should be carried out with great caution. In severe stenoses, the smallest bronchoscope often cannot be advanced, and evaluation requires the apneic technique using small 2.2-mm telescopes without a 
ventilating sheath. Examination of the lower trachea and bronchi is important for surgical planning and prognosis. If the nature of the stenosis cannot be ascertained endoscopically, contrast tracheobronchography can be considered, although 
this technique carries a potential risk of airway obstruction associated with the contrast material. Three-dimensional CT, MRI, and airway virtual endoscopy can also be helpful to assess the nature of stenosis and associated anomalies.[16] [17] [21] 

In many cases, conservative management is possible. Severe stenoses have been managed with resection and reanastomosis of short segment lesions and tracheoplasty for more diffuse lesions.[7] [9] [13] Tracheoplasty with autologous grafts that 
use costal cartilage or pericardium facilitated by cardiopulmonary bypass or sliding tracheoplasty are currently the preferred surgical techniques.[7] [9] Prognosis is based on the degree of distal tracheal and bronchial disease and other associated 
anomalies. A mortality range of 20% to 80% has been reported.[8] [14] [24] 

Tracheal Enlargement

Tracheal enlargement has been associated with Mounier-Kuhn syndrome, an atrophy or absence of elastic fibers of the muscle of the trachea and bronchi, and other organomegaly.[20] [23] It is an uncommon and rarely recognized defect causing 
dilation of trachea.[20] [23] The patient may be asymptomatic or have mild to severe stridor, depending on the degree of tracheal dilation and possible associated tracheomalacia. Management can range from conservative monitoring to long 
segmental tracheoplasty on the basis of the severity of symptoms and degree of tracheal enlargement.

Tracheal Cyst

Tracheal cysts or evaginations can be present anywhere from the trachea to the carina and can contain any elements of the tracheobronchial wall. [6] [12] They are caused by evaginations of the primitive tracheal buds. Histologically, they are 
lined with columnar or cuboid epithelium and may contain other structures of tracheobronchial tree. They can be asymptomatic or can cause coughing, wheezing, stridor, or cyanosis on the basis of their location and degree
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of airway compression. Radiography may show a cystic mass in the mediastinum and airway deviation. Bronchoscopy is recommended to determine the degree of airway obstruction. Management is with surgical excision to remove the cyst 
and alleviate the airway distortion.

Abnormal Tracheal Bifurcation

Abnormal bifurcation of the trachea is common. This occurs when the takeoff of the bronchus is above the level of the carina. It is most common on the right side and can be associated with recurrent pneumonias. The right upper lobe 
bronchus gives rise to three normal divisions in most cases. Rarely, complete duplication of the right upper bronchus and lobe is seen.[12] Most patients are asymptomatic, and no surgical intervention is required.

Tracheal Agenesis or Atresia

Tracheal agenesis is a rare anomaly ranging from complete to partial absence of trachea. The diagnosis can be made on prenatal ultrasonography and MRI. The infant may survive a short time if there is a connection between the esophagus 
and bronchi.[15] Currently, there are no definite treatment options, and the condition is ultimately fatal.

TRACHEOESOPHAGEAL FISTULA

Tracheoesophageal fistula is a manifestation of esophageal atresia and should be suspected in the infant who has difficulty with feeding, aspiration, and respiratory distress soon after birth. Esophageal atresia is the most common major 
malformation of the esophagus, affecting 1:3000 live births. It may present as: (1) pure atresia; (2) esophageal atresia with proximal esophagotracheal fistula; (3) esophageal atresia with distal esophagotracheal fistula; (4) esophageal atresia 
with double fistula; and (5) H-type fistula without true esophageal atresia. The most common presentation is a proximal esophageal atresia with distal tracheoesophageal fistula. Overall, 50% of all babies with esophageal atresia have other 
major malformations, most commonly cardiovascular, musculoskeletal, or other gastrointestinal anomalies. The infant with esophageal atresia has severe problems with mucous and aspiration and fatal problems may develop if the infant is 
fed. However, infants with H-type fistula are often the least symptomatic, because only small amounts of secretions are diverted into the trachea to cause symptoms ( Box 191-5 ).

Esophageal atresia can be diagnosed by failure to pass a catheter beyond the upper esophagus or by contrast esophagography. Care is taken to avoid aspiration of contrast by instilling only a small amount of thin radiopaque material through a 
small feeding tube placed distal to the larynx in the esophagus. In a small H-type fistula, contrast esophagography may be repeatedly negative ( Figure 191-6, A ). Bronchoscopy may be necessary to identify the opening in the posterior 
membranous wall of the trachea. Cannulation of the depression confirms the connection to the esophagus and facilitates surgical repair of the fistula ( Figure 191-6,B ). The surgical approach must be individualized on the basis of the severity 
of the primary and other malformations. Primary repair consists of division of the tracheoesophageal fistula and end-to-end esophageal anastomosis. Postoperatively, patients often have symptoms of tracheomalacia, esophageal dysmotility, 
and gastroesophageal reflux. Tracheomalacia is related to tracheal cartilages having an indented semicircular rather than a normal horseshoe shape and a wide, flaccid, posterior membranous wall.[15] Most respiratory symptoms resolve with 
time.

 
 



Box 191-5. EVALUATION OF TRACHEOESOPHAGEAL FISTULA

Symptoms 
 
Aspiration, coughing, apnea, or respiratory distress with feeding 
 
Failure to pass a feeding catheter beyond the upper esophagus 
 
H-type fistula may be relatively asymptomatic 
 
Rule out associated anomalies o the cardiovascular, genitourinary, and musculoskeletal systems (vertebral, anal, 
cardiac, tracheal, esophageal, renal, and limb anomalies) 
 

 
 
TRACHEAL DEFORMITY CAUSED BY VASCULAR ANOMALIES

The earliest embryonic blood vessels develop from yolk sac mesoderm. Paired aortic arches pass laterally from the ventral heart uniting to form the dorsal aorta. Nearly all anomalies of the aorta and its branches can be explained by the 
abnormal growth and involution of one or more portions of the primitive arch system. Malformations of the heart and great vessels can result in compression of the trachea or esophagus. The more severe the compression, the earlier the 
symptoms are present. The patient is often prone to recurrent respiratory infections, which are often described as expiratory wheezing and barking cough. The patient may lie with the head extended, putting the trachea on stretch, to lift the 
compressing vessel forward. Difficulty with feeding occurs with vascular rings caused by esophageal compression.

Radiography of the chest is used in conjunction with contrast esophagography to delineate the compression.
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Figure 191-6 A, Contrast esophagography shows an H-type tracheoesophageal fistula. Note retrograde flow of contrast into the trachea. B, Endoscopic view of the same patient before repair of the fistula. Cannulation of the fistula confirms 
connection to the esophagus. 

 

Figure 191-7 Computed tomography of the chest shows anterior tracheal compression by an aberrant innominate artery. The innominate artery is arising more from the left than usual, resulting in anterior tracheal compression. This patient 
presented with wheezing and reflex apnea. 



 

Figure 191-8 Lateral chest radiography shows innominate artery compression of the anterior trachea at the thoracic inlet. 

 

Figure 191-9 Contrast esophagography shows posterior esophageal compression by a double aortic arch. 
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Chapter 192 - TRACHEAL STENOSIS

Mark A. Richardson 
Greg R. Licameli 

INTRODUCTION

Diagnosis and surgical management of tracheal stenosis, whether acquired or congenital, remain a challenge. In infants and children, tracheal stenosis is frequently a fatal disease process that is often associated with other congenital 
anomalies and in which definitive means of surgical repair are poorly defined for patients with the most severe disease. Diagnosis, evaluation, and development of a logical management plan for a patient with tracheal stenosis are complex.

EMBRYOLOGY

The trachea develops as an evagination of foregut mesochyme in the fourth week of gestation. This gradually expands caudally to form the developing lungs and joins together posteriorly to form the common membranous wall of the 
esophagus and trachea. Initially, this evagination has an extensive communication with the ventrocaudal part of the pharynx. From this primordial outgrowth, the trachea extends caudad ventral to and roughly parallel with the esophagus. 
Only the epithelial lining and the glands of the trachea are derived from the original entodermal outgrowth from the pharynx. The cartilage, connective tissue, and muscle of its wall are formed by mesenchymal cells that migrate to become 
massed around the growing entodermal tube. Usually by the ninth week, developing cartilaginous rings can be identified.



DIAGNOSIS

The severity of tracheal stenosis probably determines the age at presentation, which can be quite variable, ranging from days to weeks or even months. A long-segment stenosis with a markedly limited tracheal diameter would ordinarily 
present in early infancy with evidence of respiratory obstruction, especially when the airway may be compromised by additional secretions or infection, which produce additional incremental difficulties in adequate respiration ( Figure 192-
1 ). Shorter segments, with a more moderate degree of obstruction in terms of tracheal diameter, may appear later in infancy or early childhood when the increasing respiratory demands of growing infants outstrip the capacity of the narrow 
airway to provide adequate levels of air and gas exchange ( Figure 192-2 ).

Any child who is being considered for bronchoscopy and who has atypical asthma, inspiratory and expiratory stridor, and recurrent respiratory disease should also have a potential diagnosis of tracheal stenosis. Poor weight gain and 
sometimes poor feeding are also associated with tracheal stenosis. Chest radiography may be helpful but is often nondiagnostic due to the dynamic aspects of the pediatric trachea. In some cases, however, a suggestion of the stenosis can be 
evident on close examination of the radiograph.

Endoscopy

Endoscopic evaluation with a rigid bronchoscope is clearly the most accurate means of diagnosing tracheal stenosis and assessing its length, degree, and character. Due to the limited diameter of the trachea, however, endoscopy must be 
approached expertly and with full availability of the smallest equipment possible. In some cases, placement of an endotracheal tube through the larynx to the level of the stenosis may in fact cause a loss of ventilatory capability as a result of 
obstruction of the tube at the site of the stenosis. Additionally, even the smallest bronchoscope (4-mm outer diameter) might not pass through the stenosis and, in some cases, the telescope alone might be the only means of visualization of the 
length of the stenosis and identification of any distal abnormalities in the tracheobronchial tree. The length of the stenotic segment should always be estimated during the course of endoscopy and is frequently underestimated. Commonly, the 
congenital stenotic tracheal segment is associated with a somewhat longer trachea than the native and normal trachea of newborns.
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Figure 192-1 Long-segment tracheal stenosis (complete rings). 

 

Figure 192-2 Short-segment tracheal stenosis. 

 

Figure 192-3 A to D, Pneumatic dilation of short-segment, acquired stenosis. 

 



Figure 192-4 Star-shaped laser incision and dilation (Shapshay). 

 

Figure 192-5 Laser trapdoor flap. 

 

Figure 192-6 A and B, Polymer and wire stents in unexpanded and expanded forms. 

 

Figure 192-7 A to E, Cartilage graft placement for augmentation of tracheal stenosis. Note the graft placement in lumen E. 



 

Figure 192-8 Pericardial patch sewn in position. 

 

Figure 192-9 Wedge section and closure. 



 

Figure 192-10 A to D, Interrupted absorbable sutures placed circumferentially and reintubated from above. 

 

Figure 192-11 A to C, Slide tracheoplasty. The trachea is divided on an angle and then vertically anteriorly and posteriorly. 



 

Figure 192-12 Homograft transplant with a Dumon stent. 

 

Figure 192-13 Silastic Dumon stent. 
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Chapter 193 - CAUSTIC INGESTION

J. Dale Browne 
James N. Thompson 

INTRODUCTION

The challenges of caring for the patient with a presumed caustic ingestion are multiple. They include accurately predicting the severity of an unseen injury to the larynx, esophagus, and stomach; appropriately addressing any mucosal injury 
to prevent the complications of airway obstruction, perforation, and stricture formation; and adequately dealing with any long-term sequelae resulting from a circumferential esophageal injury. Medical literature is replete with retrospective 
evaluations of hundreds of patients, old and young, with varying forms of caustic ingestion. Taken collectively, a consensus approach cannot be found in the literature for caustic ingestion. Still, it continues to be a problem. However, if 
patient age and the circumstances and type of ingestion are considered, the clinician can approach this injury rationally.

Caustic ingestions have been reported since the early 1900s, when cleaning solutions composed of strong alkalis or acids were conveniently packaged and widely available to the average household. An alarming number of serious pediatric 
injuries from alkali ingestions led physicians such as Jackson, developer of the first distal lighted esophagoscope, to support successful 1927 legislation that controlled the sale of these potential toxins. In 1921, Jackson noted in the Journal of 
the American Medical Association[21] : 

The fact is that not one of the caustic alkalis sold for cleansing purposes, so far as I have been able to discover, has a sufficient warning of the dangerous nature of the contents. In 1910 I called attention to this fact and mentioned 
that poison sold by druggists to the laity are subject to legal regulations as to labeling, and such drugs go into the medicine cupboard while the caustic alkalis sold by the grocer go into the kitchen.

With the introduction of liquid drain cleaners in the early 1950s, further legislation brought about a reduction in the concentration of 35% sodium hydroxide. In the 1970s, the Poison Prevention Packaging Act and the Hazardous Substances 
Act mandated concentration restrictions (less than 10%), child-resistant containers, and conspicuous warning labels for all caustic cleaning agents available for home use. Despite these measures, serious injuries secondary to the ingestion of 
these products continue.

In general, caustic ingestions are accidental in the pediatric population and intentional in adults. The offending agent is usually representative of the more prevalent cleaning agents (e.g., alkali drain cleaner in the United States, acid-base 
agents in India).[24] Anecdotal reports of esophageal burns from concentrated laundry detergent, concentrated ammonia, dishwashing detergent, alkali hair straighteners, and nail-decorating liquids have been reported. [11] [23] [33] [48] 

Sodium hydroxide-containing glucose test tablets have given rise to alkaline burns when ingested, especially if they lodge in the esophagus. Similarly, small disk-shaped batteries are easily swallowed by the unsuspecting child and 
subsequently may lodge, leading to a significant mucosal electrolyte damage with potential esophageal perforation.[45] In farming households, liquid and solid alkalis have been accidentally ingested by children, causing significant injury. 
These agents have been exempt from protective packaging legislation and are used as disinfectants, for clearance of residual milk from pipelines and drains, and to remove residual horns from cattle.[32] 

Strong acids lead to a protective coagulum of damaged mucosa that limits the degree of esophageal injury from the passing caustic, thereby placing the stomach at much greater risk from pooling and prolonged contact with the compound. 
More rapidly damaging than acid ingestion is the liquefactive necrosis from strong alkalis, occurring within seconds after contact with a mucosal surface. Alkalis combine with fats to form soaps and with proteins to form proteinates, thereby 



disrupting cell membranes. Furthermore, since
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alkalis are soluble, the damaged tissues separate and allow even deeper penetration of the caustic agents. Such damage ceases only when the alkali is neutralized by its reaction with tissue. The extent of an alkali injury therefore depends on 
the strength of the alkali ingested and on the amount and form of the product. Detailed characterization of caustic injuries has centered on the liquefactive necrosis of alkaline burns because they are the most severe and generally the most 
common, especially among the pediatric population. Histologically, Bosher, Burford, and Ackerman[2] outlined in 1951 the basic pathologic events after a 10% sodium hydroxide burn of esophageal mucosa: edema of the submucosa, 
inflammation of the submucosa with thrombosis, sloughing of the superficial layers, necrosis of the muscular layer, fibrosis of the deep layers, and—ultimately—delayed re-epithelialization.

DIAGNOSIS AND INITIAL ASSESSMENT

Patients with caustic ingestion present with many symptoms, ranging from asymptomatic to overtly stridulous with severe dysphagia secondary to laryngeal edema and hypopharyngeal/esophageal injury ( Box 193-1 ). Paramount in the 
initial assessment of these patients is verification of the ingested agent, with note made of its pH and concentration, physical form (i.e., granular, liquid), approximate time of ingestion, and volume swallowed. Significant esophageal injuries 
may follow ingestion of only a few milliliters of a strong alkali, whereas strong acids generally require much larger volumes. The social setting of the ingestion may provide clues to the amount of caustic involved in the injury and should be 
explored in the history because children ingest a caustic accidentally; whereas adults generally do so in greater volumes as an act of suicide. Although the amount of titratable base is a more accurate predictor of a strong alkaline substance, [16] 
pH is a more practical, rapid method of estimating the risk of mucosal injury in the clinical setting. Vancura and others[53] showed that a pH of 12.5 or greater is a reasonable threshold to produce esophageal ulceration; whereas significant 
mucosal damage in cats occurred with sodium hydroxide concentrations as low as 0.4%.

The initial physical examination of patients suspected of having ingested a caustic should focus on immediate complications. Patients with significant oral mucosal burns, tongue edema, hoarseness, stridor, and dyspnea should be monitored 
closely for possible airway obstruction. Fiberoptic laryngoscopy in the patient who is awake can be valuable to assess hypopharyngeal damage and the risk of airway compromise. In the patient with an injured but stable airway, 
dexamethasone (adult 20–30 mg intravenous bolus, pediatric 0.5–1 mg/kg) can help prevent further deterioration. In the setting of acute airway obstruction, blind nasotracheal intubation should be avoided because it may lead to bleeding of 
an already inflamed mucosa and further worsening of an already marginal airway. If direct visualization of the larynx for intubation is not possible because of edema and exudate, emergent cricothyrotomy or tracheotomy is a safer choice. 
Dyspnea associated with rales and rhonchi may be indicators of aspiration of caustic material. Chest and abdominal radiography should be obtained to rule out pulmonary infiltrates or free air. Associated epigastric pain and other findings 
suggestive of peritonitis (e.g., abdominal wall rigidity, tenderness) are highly correlated with gastric injury.[42] All patients suspected of a severe injury should have large-bore intravenous catheters for early fluid resuscitation and medication.

 
 

Box 193-1. SIGNS AND SYMPTOMS OF CAUSTIC INGESTION

• Oral mucosal erythema, ulceration.
• Drooling.
• Tongue edema.
• Stridor.
• Hoarseness.
• Dysphagia.
• Odynophagia.
• Chest or back pain.
• Epigastric pain or tenderness.
• Vomiting.
• Hematemesis.

 
 
As mentioned earlier in this chapter, after ingestion of extremely alkaline substances, the majority of the injury occurs instantaneously. In contrast, the time frame to produce severe injury in the upper gastrointestinal mucosa after acid 
ingestion is more prolonged. The reflex pylorospasm that occurs after entry of acid into the stomach contributes to increased exposure and a predominance of gastric mucosal injuries in these patients. The use of emetics is condemned 
because they do not lessen the injury and increase the risk of aspiration. Likewise, buffering ingested alkali with weak acids (e.g., acetic acid) or acid burns with antacids is impractical and risks emesis with aspiration. Burns of the oral 
mucosa can be cleansed with water to dilute any remaining caustic, and any visible lye granules can be removed to lessen continuing injury.

Although the acute crises of esophageal perforation and upper-airway obstruction are more dramatic,
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the most common complications from strong alkaline burns result from the more protracted courses of fibrosis and delayed epithelialization. Superficial burns generally heal without sequelae; however, deeper injuries involving the muscular 
layer and submucosa are associated with a more extensive loss of mucosa with subsequent fibrosis. A characteristic esophageal stricture develops in four stages: (1) An intense inflammatory response with associated dysmotility occurs in the 
area of the burned mucosa and deeper layers. (2) Granulation tissue with fibroblasts brings a matrix of collagen fibers to the newly formed connective tissue. (3) Three or 4 weeks after the initial injury, these collagen fibers begin to contract, 
with irregular formation of this collagen matrix, which enables the formation of adhesive bands. (4) Pseudodiverticula form between these adhesions as the contracting process continues until a dense inflexible fibrous scar replaces the 
destroyed submucosa and muscular layers. Circumferential burns are much more likely to lead to a symptomatic stricture than are noncircumferential injuries.[54] 



ENDOSCOPY

Accurately predicting which of these ingestion injuries are prone to rapid, inconsequential healing and which are prone to stricture formation or perforation is the principal diagnostic challenge for the clinician. Among physicians who 
routinely care for patients injured by caustic ingestion, there is little disagreement that endoscopy is the most useful method of assessing whether esophageal injury has occurred. Radiographic studies such as barium swallow rely on motility 
disturbance and mucosal irregularities to detect injury.[47] False-negative rates of up to 30% to 60% have been reported in some series of such radiographic assessment of lye burns.[25] [41] More recently, a prospective study of the usefulness of 99m 
Technetium-labeled sucralfate has shown both a high sensitivity and specificity when used to determine whether there had been esophageal injury after pediatric caustic ingestion.[28] While useful as a screen for injury in select patients, this 
nuclear medicine study does not afford the ability to determine severity of injury and obviously does not provide the means for any supportive techniques to minimize complications. Therefore, heavily depending on radiography alone for 
guidance may lead the clinician to underestimate the degree of injury in some patients.

Although there is little disagreement that endoscopy is the most informative diagnostic study, there is significant controversy regarding the setting in which to best use this diagnostic procedure. The argument for endoscopy within 24 hours 
in all cases of caustic ingestions is supported by retrospective reviews detailing instances of significant esophageal injury despite the absence of symptoms or signs of mucosal burns.[10] [13] [35] In citing the poor correlation of signs, symptoms, 
and esophageal injury, such studies frequently do not differentiate the form of the ingested substance (liquid or granular) and whether the asymptomatic burns were from more potent liquid alkalis. This association may thereby lead to the 
conclusion that any form of an ingested caustic may cause significant distal injury even in the absence of signs or symptoms of mucosal burns. Although conservative and cautious, this approach may subject patients (and parents) to 
occasionally unneeded procedures, worry, and expense. In a retrospective study of 41 ingestions that noted the type of lye ingested, the granular form did not cause significant mucosal injury; whereas all strictures resulted from liquid alkalis.
[10] 

An alternative view of when to apply endoscopy considers several factors: form and strength of the caustic, presence or absence of multiple signs and symptoms, and the age of the patient. Most adult patients ingest caustic agents as a suicide 
attempt—a more straightforward diagnostic assessment. The volume of agent swallowed is usually great, commonly causing dysphagia, stridor, or oropharyngeal burns. Suicidal adults may be unreliable historians, which forces the clinician 
to rely on physical findings to direct therapy, especially since oral mucosal injury may be absent when a strong alkali is quickly swallowed. Consequently, endoscopy is advisable for any adult having ingested a strong alkali or acid (sodium 
hydroxide, potassium hydroxide, or hydrochloric acid [HCl], sulphuric acid [H2 SO4 ]), regardless of the lack of presenting symptoms or signs. In suicidal ingestions, the physician should examine the stomach for necrosis through endoscopy, 
laparoscopy, or laparotomy because a large volume of caustic may have been swallowed.

In contrast, toxic agents are accidentally swallowed in the pediatric population as a result of innocent curiosity and confusion with food and drink. Just as children will not swallow a great deal of any distasteful food or medicine, nor will they 
swallow any noxious, bitter acid, or unpalatable granular lye. These compounds therefore are rarely associated with significant esophageal burns since the volume ingested is generally very small.[5] [7] [10] Exceptions have been reported, but 
these cases are associated with presenting combinations of oral burns, drooling, and dysphagia that easily raise suspicion that a significant amount of the compound has been swallowed. In cases of pediatric ingestion of acids or granular lye, 
endoscopy can
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be reserved for children with significant oral burns, dysphagia, or stridor. However, the glucose test tablet and disk-shaped watch battery need to be endoscopically removed as quickly as possible because they cause localized transmural 
necrosis and esophageal perforation. This recommendation can be further generalized for any coin-shaped object lodged in the pediatric 

 
Figure 193-1 A, Anterior view of a chest radiograph of a child who has ingested a coin-shaped battery. Note its resemblance to a coin. B, Lateral view of the battery within the chest. C, Endoscopic view of mucosal injury caused by the 
battery; lines mark the circular burn at battery edge. D, Visual size comparison of a similar battery, a penny, and a nickel. 



 

Figure 193-2 The four stages of esophageal burns. 

 

Figure 193-3 A, Appearance of a typical patient undergoing chronic retrograde dilations via gastrostomy. A guide string enters the nasal cavity, loops behind the ear, and enters alongside the gastrostomy tube. B, String (heavy silk) is 
retrieved from the posterior pharynx. C, A dilator is secured to silk exiting the mouth for gentle progressive prograde dilation. Care is taken to clamp the loop exiting the mouth and nose. D, A dilator is secured to silk exiting the gastrostomy 
tube for gentle progressive retrograde dilations. E, Once the dilator is within the lumen of the strictures, a gentle to-and-fro prograde or retrograde dilation may be accomplished. For security, a second heavy silk loop can be passed before 
any dilation in case the dilator string should break.[52]  



 

Figure 193-4 A, A barium swallow shows a midesophageal stricture after lye ingestion in an adolescent 4 weeks after ingestion and at the beginning of retrograde dilations. B, The same patient 5 years later, after 4 years of repetitive 
dilations; the patient has a stable stricture and is generally nonsymptomatic. 

 

Figure 193-5 A, Anterior view of a barium swallow of a patient with a fourth-degree burn necessitating a total blunt esophagectomy with subsequent reconstruction using the right descending colon. The tracheotomy was originally placed 
emergently because of laryngeal obstruction secondary to supraglottic necrosis or edema. B, Lateral view of the same patient. Note the position of colon transfer in the anterior mediastinum. 



 

Figure 193-6 Evaluation and treatment of caustic ingestion. 
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Chapter 194 - FOREIGN BODIES OF THE AIRWAY AND ESOPHAGUS

Roberto L. Barretto 



Lauren D. Holinger 

INTRODUCTION

Foreign bodies in the airway, pharynx, and esophagus continue to be a diagnostic and therapeutic challenge for the practicing otolaryngologist. Despite improvement in public awareness and emergency care, foreign bodies result in 
approximately 150 deaths per year in children from asphyxiation.[34] Most deaths occur before hospital intervention.

Although the role of the otolaryngologist begins after the child is evaluated initially by emergency department or primary care physicians, both otolaryngologists and primary physicians should have a high index of suspicion for foreign body 
aspiration or ingestion. Because a foreign body can mimic other conditions, particularly without a witnessed event, there can be a delay in management that may lead to complications.

Before the twentieth century, bronchotomy was the method of choice for airway foreign body removal. Most victims of foreign body aspiration died from the initial event, the attempt at removal, or complications thereof. Although intubation 
of the airway was suggested as far back as the time of Hippocrates, Killian in 1895 was the first to use a hollow tube to evaluate the tracheobronchial airway.[5] He used this technique to remove a bone from the right main bronchus in 1897, 
becoming the first to perform endoscopic removal of an airway foreign body.

Endoscopic illumination was initially used in esophagoscopy and was incorporated into a bronchoscope[5] by Chevalier Jackson, who revolutionized the field of bronchoesophagology with the development of instruments and techniques for 
foreign body removal. The principles he and his son developed[24] were paramount in reducing the mortality associated with airway foreign bodies and are still the basis of foreign body removal today.

The introduction of the rod-lens telescope in the 1970s greatly improved the visualization of bronchoscopic removal of foreign bodies. Foreign body removal has been performed with topical anesthesia and sedation, but with new, safer 
anesthetic agents and improved anesthesia techniques and monitoring, general anesthesia is now routine.

Children frequently swallow objects that pass through the gastrointestinal tract without problems. This also may occur in adults. Foreign bodies occasionally become lodged in the esophagus because of the object's size or shape, narrowing of 
the esophageal lumen, extrinsic compression, or anatomic abnormalities.

Before the mid-1850s, the most common management for suspected esophageal foreign body impaction was to attempt to push the object into the stomach. Various instruments, including curved hooks, forceps, and even a walking cane, 
were used. Dupuytren was reported to vigorously pinch the neck of patients to crush a food impaction in the cervical esophagus, allowing it to pass to the stomach.[5] The first esophagoscope used in 1890 by Mackenzie was later improved by 
Jackson, Ingals, and Mosher. The earliest rigid esophagoscopies for foreign body extraction by Jackson and Ingals were performed on awake patients in a sitting position. Because anesthesia risks have decreased and instrumentation for 
endoscopic removal of esophageal foreign bodies has improved, these procedures are now performed with the patient supine and under general endotracheal anesthesia.

EPIDEMIOLOGY

The incidence of airway and esophageal foreign bodies has not changed significantly, but the safety in removal has increased dramatically. Most aerodigestive foreign bodies are esophageal, up to 85% as reported by Hsu and others. [22] Most 
airway foreign body aspirations occur in patients younger than 15 years of age. In this age group, choking-related episodes treated in the emergency department number approximately 29.9/100,000 population. [34] The highest incidence
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occurs between 1 and 3 years of age; up to 25% of patients are younger than 1 year. [8] [18] [20] [21] [49] The reasons toddlers are most susceptible are: (1) they lack molars necessary for proper grinding of food; (2) they have less-controlled 
coordination of swallowing and immaturity in laryngeal elevation and glottic closure; (3) there is an age-related tendency to explore the environment by placing objects in the mouth; (4) they are often running or playing at the time of 
ingestion.[31] Older children and adolescents may have an anatomic abnormality[28] or a neurologic impairment.[11] Accidental aspiration or ingestion of objects tends to be twice as common in boys. Vegetable matter is seen in approximately 70% 
to 80% of airway foreign bodies; the most common are peanuts in the United States, watermelon seeds in Egypt,[9] and pumpkin seeds in Greece.[17] The percentage of aspirated and ingested metallic foreign bodies, especially safety pins, has 
decreased, primarily because of the widespread use of disposable diapers. Plastic pieces comprise approximately 5% to 15% of airway foreign bodies and tend to remain longer because they are inert and radiolucent.

By far, the most common esophageal foreign bodies are coins[8] [18] [20] [21] [49] (up to 75% cases).[18] Meat and vegetable matter impactions are less common in children. Round objects, trinkets, disk batteries, and sharp objects comprise <20% of 
impacted esophageal 

 
Figure 194-1 Posteroanterior and lateral view of a pen spring in right main bronchus. 

 



Figure 194-2 Posteroanterior and lateral film of multiple coins in a typical esophageal location immediately below the cricopharyngeus. 

 

Figure 194-3 Posteroanterior and lateral chest films of a coin in the midesophagus. 

 

Figure 194-4 A, Expiratory and B, inspiratory chest films show hyperinflation on side of left bronchial foreign body (a peanut fragment). This is a typical early finding. 

 

Figure 194-5 Anteroposterior chest film of left lobar collapse secondary to candy corn in the left main bronchus. 

 

TABLE 194-1 -- GUIDELINES FOR SELECTION OF BRONCHOSCOPE, ESOPHAGOSCOPE, AND LARYNGOSCOPE FOR DIAGNOSTIC ENDOSCOPY BY AGE

Mean Age (Range) Bronchoscope Size * mm * Laryngoscope Size * Esophagoscope Size * 

Premature infant 2.5 3.7 •8 4

Term newborn (newborn to 3 mo) 3 5.8 •8 4 to 5

6 mo (3–18 mo) 3.5 5.7 •9 5 to 6

18 mo (1–3 yr) 3.7 6.3 10.5 6

3 yr (2–6 yr) 4 6.7 10.5 to 12 6 to 7



7 yr (5–10 yr) 5 7.8 12 7

10 yr (older than 10 yrs to adolescent) 6 8.2 16 8
*Outside diameter given in millimeters. 

 
 
 
 
Figure 194-6 Instruments for endoscopic removal of an airway foreign body. 

 

Figure 194-7 Multiple coins in the esophagus of a patient with a history of tracheoesophageal fistula. 
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tachycardia, and tachypnea, all signs of possible perforation. Antibiotics are not routinely given unless significant esophageal injury is evident.

When appropriate-sized bronchoscopes are used for brief procedures, racemic epinephrine or corticosteroids are not given. Chest physiotherapy may help to clear inspissated secretions. A routine postoperative radiograph is not necessary 
unless the patient's symptoms persist or progress. When extraction attempts fail or are incomplete, patients are rested for several days and then returned to the operating room for repeat endoscopy.

COMPLICATIONS

Before the twentieth century, the mortality rate caused by foreign body aspiration was high, with most patients succumbing to complications. In 1882, Weiss[5] reported 937 cases for which bronchotomy was performed, with a 27% mortality 
rate; however, 23% died without management. Jackson's techniques reduced the mortality rate to about 2%.[4] The present rate is 2% or less. * 

Most complications are the result of delayed diagnosis and treatment. [15] [23] [32] [36] Earlier diagnosis correlates with fewer complications. [36] Of laryngotracheal foreign bodies, 45% were associated with major complications and 67% when the 
delay was longer than 24 hours. [13] The introduction of rod-lens telescopes has reduced the incidence of missed or incomplete removal of foreign bodies, further reducing complications.

Pneumonia and atelectasis are the most common complications after bronchial foreign body removal. Patients usually respond to intravenous antibiotics and chest physiotherapy. Bleeding can occur because of granulation tissue or erosion 
into a major vessel. Pneumothorax and pneumomediastinum can result from an airway tear. Small perforations typically heal spontaneously and do not require specific management. Impaction of the foreign body can cause airway 
obstruction, converting a controlled situation into an emergency. Laryngeal inflammation and edema have decreased significantly with the use of appropriate-sized endoscopic equipment.

Long-term complications (e.g., granulation tissue, stricture formation) can occur at the site where the foreign body is lodged. Certain foreign bodies are more likely to cause more complications.[36] The oils of nuts may contribute to edema and 



granulation tissue.[24] 

The most frequent complications of endoscopic esophageal foreign body removal are categorized as those occurring before endoscopy, during endoscopy, and after endoscopy.[26] Vomiting and respiratory distress are most common 
preoperatively. During esophagoscopy, the endotracheal tube may be dislodged, and the patient may have cricopharyngeal spasm, esophageal mucosal injury, or perforation. After esophagoscopy, vomiting, aspiration, a second missed 
foreign body, and fever are the most common complications. Esophageal perforation, retroesophageal abscess, mediastinitis, and death are rare ( Figure 194-8 ). In several large series of endoscopic esophageal foreign body removal, there 
were no life-threatening complications.[8] [12] [18] [35] 

CONTROVERSIES IN MANAGEMENT

Nonendoscopic means of foreign body extraction have been suggested. These methods have been detrimental in some cases, causing emergent situations and even death. Although chest physiotherapy and bronchodilators have been 
suggested as a management for airway foreign bodies, this proposal has been retracted.[39] 

Flexible bronchoscopic removal of airway foreign bodies seems attractive, with recent literature advocating its use in adults and increasing experience in pediatrics as a diagnostic tool.[48] Unless the endoscopist also is skilled at rigid 
bronchoscopy, flexible bronchoscopic foreign body removal in children is not recommended,[45] especially in small children. The main problems are poor control of the airway and of the foreign body itself.[45] [48] 

 
Figure 194-8 Lateral neck film reveals a retroesophageal abscess. 
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For impacted esophageal foreign bodies, bougienage with esophageal dilators or a nasogastric tube has been proposed to push foreign bodies into the stomach.[5] [39] This blind technique may cause esophageal injury and is not recommended. 
Foley catheter removal with fluoroscopic control of blunt radiopaque esophageal foreign bodies has been recommended for a single object lodged below the cricopharyngeus for a short duration.[33] [35] The advantages include reduced cost and 
avoidance of general anesthesia. Few serious complications have been reported when this technique was used in healthy children. Other authors[18] [39] [49] point out that the risks of general anesthesia in these patients are small. This technique 
does not allow a post-retrieval assessment of the esophageal mucosa or identification of a nonradiopaque second foreign body. In addition, there is a risk of vomiting and aspiration with an unprotected airway, and young patients who have 
this procedure while awake and restrained in a steep head-down position may suffer emotional trauma.

Another technique that has been advocated is the use of papain (meat tenderizer) in patients with impacted esophageal meat boluses.[39] Papain was given as a 5% solution to adult patients, with the meat passing in most instances. However, 
there were at least two cases of mediastinitis and death in these patients caused by necrosis of the esophagus and perforation.

Flexible esophagoscopy has been used for removal of blunt objects or meat impaction. However, sharp objects pose a greater risk because of the inability to sheath the object as with a rigid esophagoscope.[40] 

Careful endoscopic removal of foreign objects under direct vision is the safest management for patients with foreign bodies of the airway and esophagus. Prevention is ideal, with increased education of the public, especially those who 
supervise children—parents, teachers, and other care providers—on age-appropriate foods and household objects. Stricter government and industry standards for toy part sizes and appropriately sized containers have helped to decrease 
fatalities from choking but have only come about through the cooperation of physicians, consumer advocacy groups, and governmental public health agencies.[37] [38] 
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Chapter 195 - INFECTIONS OF THE AIRWAY

Newton O. Duncan 

INTRODUCTION

Children may experience a variety of infections involving the upper respiratory tract and surrounding structures. Some infections occur commonly, may be self-limited, and may be relatively inconsequential. However, other infections, some 
of which are more rare, may be life threatening. The astute clinician often can identify the various airway infections by an accurate clinical history and targeted physical examination. Radiologic imaging, laboratory studies, or airway 
endoscopy also may be helpful for accurate diagnosis. Nevertheless, a keen understanding of the various signs and symptoms of airway infections is important. The signs and symptoms of the various airway infections may have many 
similarities because the anatomic structures and tissues involved are close in proximity. These similar airway findings also can be present in children with acute tonsillitis, infectious mononucleosis, diphtheria, peritonsillar abscess, congenital 
airway anomalies, subglottic stenosis of any etiology, and in those with airway foreign bodies. Therefore, great familiarity with the spectrum of childhood airway disease entities can be extremely important in their prompt diagnosis and 
management. This chapter will emphasize the current recognition and management of croup (laryngotracheitis), supraglottitis (epiglottitis), bacterial tracheitis, and retropharyngeal abscesses.

CROUP (LARYNGOTRACHEITIS)

The term croup is from the ancient Scottish language that refers to the harsh, barking cough that may be present in those with a number of different acquired or congenital disorders.[21] [68] There have been several terms used synonymously with 
croup, which have led to confusion concerning the exact nature of the disease. These terms include croup, viral croup, laryngotracheitis, laryngotracheobronchitis, pseudomembranous croup, spasmodic croup, and postintubation croup. This 
infectious disease primarily involves the vocal folds or glottis and the subglottis. Because viruses predominantly cause this entity, the most descriptive and widely used terms are either viral croup or, more properly, viral laryngotracheitis. 
Viral laryngotracheitis, or croup, is the most common form of infectious upper airway tract obstruction in children. It is estimated that this condition accounts for 90% of infectious airway obstructions and that 3 to 5% of children have at 
least one episode of croup. This condition can be recurrent in approximately 5% of children.[75] Some children (1.5%–15%) with croup require hospital admission for airway obstructive symptoms, and during hospitalization 1% to 5% may 
require intubation.[5] Parainfluenza viruses 1 and 2 primarily are implicated in this disease (up to 75%), but influenza A and B, respiratory syncytial virus, measles, adenovirus, varicella, and herpes simplex virus type I all have been isolated.[39] 



Measles involvement in those with croup historically leads to an aggressive form of the disease.[16] More recently, influenza viruses and herpes simplex viruses have both been implicated in more severe or prolonged courses of croup.[38] [60] 

Children are most commonly affected when they are between 6 months and 3 years of age, with a peak incidence at 18 to 24 months of age. Boys are more likely affected, by more than a 2:1 ratio. Although croup can occur at any time of the 
year, there is a strong seasonal occurrence in late autumn and winter. Croup may be called atypical if it occurs in infants younger than 6 months of age, lasts more than 7 days, or does not respond to appropriate treatment. Other etiologies 
besides acute viral laryngotracheitis should be considered in these atypical cases.

Viral croup transmission occurs by direct contact and exposure to nasopharyngeal secretions.[77] The incubation period before onset of clinical symptoms is 2 to 6 days for parainfluenza virus type I, and children may continue to shed the virus 
for up to 2 weeks.[3] After acquisition, the viral infection involves the nasopharynx, producing nasal symptoms. Local
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spread to the larynx and trachea ensues. The mucosa of the vocal folds and subglottis become erythematous and swollen. Lymphocytes, histiocytes, and polymorphonuclear leukocytes infiltrate the lamina propria, submucosa, and adventitia. 
In addition, generalized mucosal edema is present. The duration of illness usually is from 3 to 5 days. The crucial factor in those with viral croup is the amount of swelling in the subglottic area. The subglottis is the narrowest portion of the 
upper respiratory tract and, because of the complete cartilaginous cricoid ring, any edema that occurs in the subglottis does so at the expense of the airway lumen. Because stridor does not occur until there already is significant airway 
obstruction and because any decrease in cross-sectional area is proportional to the square of the radius of the airway lumen, any further decrease in airway size caused by mucous plugging or crusting may lead to almost rapid and complete 
airway obstruction.

Clinical Features

Characteristically, children with viral croup have a history of prodromal upper airway infection. Low-grade fever may be present. There also may be leukocytosis, although the leukocyte count in most patients is normal. Inspiratory stridor, 
hoarseness, and a barking cough are cardinal symptoms of viral croup. This cough is invariably present and may help distinguish croup from other illnesses. The presence of biphasic stridor, retractions, high respiratory rate, or oxygen 
desaturations indicates severe airway obstruction.

Viral croup may present with only mild symptoms of airway obstruction, but it also can be severe with life-threatening airway obstruction. Many different schemes have been developed to assess the spectrum and severity of croup in an 
effort to assist in determining how to best manage the different presentations of croup. [3] [21] [39] Regardless of the scheme used, it is important to consider the following parameters when evaluating children with croup or airway obstruction in 
general: (1) stridor—inspiratory vs expiratory; (2) respiratory rate; (3) chest retractions; (4) air entry into the chest by auscultation (decreased with severe obstruction); (5) anxiety or restlessness; (6) color or cyanosis; (7) oxygen desaturation 
by pulse oximetry; and (8) level of consciousness.

Diagnosis

The diagnosis of croup is highly suggested by history and physical examination alone. Detailed questioning about possible foreign body ingestion should be made, along with any previous intubation history. Radiographic imaging of the 
airway traditionally has been helpful in evaluating those with airway disorders ( Figure 195-1 and Figure 195-2 ). The diagnosis can be confirmed 

 
Figure 195-1 Normal anteroposterior radiographic view of the soft tissues of the neck demonstrating the normal shouldering contours of the proximal trachea (white arrows). Many children will show slight angulation of the trachea, which is 
a normal variant (black arrow). 

 

Figure 195-2 Normal lateral soft-tissue radiography of the airway with normal epiglottis (large open arrow) and well-defined vallecula (small open arrow). The black arrow shows the laryngeal ventricle. 



 

Figure 195-3 Narrowed subglottis in viral croup (arrows) in the anteroposterior radiographic view. 

 

Figure 195-4 Hazy subglottis in the lateral radiographic view (arrows) seen in viral croup. 

 

Figure 195-5 Normal child larynx with crisp vocal folds and widely patent subglottis visualized by a rigid rod telescope. 

 

Figure 195-6 Viral croup with severe vocal fold and subglottic edema as seen with a rigid rod telescope. 



 

TABLE 195-1 -- DIFFERENTIAL DIAGNOSIS OF UPPER AIRWAY INFECTIONS IN CHILDREN

 Laryngotracheitis (Viral Croup) Supraglottitis (Epiglottitis) Bacterial Tracheitis Retropharyngeal Abscess

Age 6 mo to 3 yrs 1–8 yrs 6 mo to 8 yrs 1–5 yrs

Onset Slow Rapid Rapid Slow

Prodrome URI symptoms None or mild URI URI symptoms URI symptoms

Fever Variable or none High Usually high Usually high

Hoarseness/barky cough Yes No Yes No

Dysphagia No Yes Yes Yes

Toxic appearance No Yes Yes Variable

URI, Upper respiratory infection.
 
and prevent drying or crusting that may further compromise a narrow airway. There may also be soothing of the involved mucosa, making children more comfortable and less likely to increase submucosal inflammation by vigorous 
coughing. However, only several studies have investigated the effectiveness of moist air in the management of croup and have demonstrated no benefit over control patients.[11] [47] [79] Furthermore, the issue of warm vs cool mist has not been 
settled. Despite the lack of objective benefit, strong anecdotal experience may support the continued use of mist, particularly in severe cases of viral croup or in low-humidity environments. Mist tents should be used with caution as they may 
provoke more anxiety in children and therefore blow-by mist may be a better alternative. Well-designed studies are needed to define the role of mist in the management of viral croup.

When medical therapy fails to alleviate respiratory distress, endotracheal intubation (nasotracheal or orotracheal) may be needed. A tube at least 0.5-mm smaller than estimated for the child's size or age should be used. When possible, 
intubation should be done in a controlled situation in the operating room with an inhalation agent, while the child is spontaneously breathing. This also may allow for airway endoscopy at the same time. Optical rigid rod telescopes should be 
used to assess the airway, and rigid bronchoscopes should be avoided if possible to prevent further airway mucosal injury. Extubation can be performed when an air leak is detected. If no air leak is detected after 5 to 7 days, thorough airway 
endoscopy is indicated. Airway endoscopy also is important in recurrent, prolonged, or atypical cases of croup. Ideally, endoscopy should be performed 3 to 4 weeks after the acute episode has resolved so that acute inflammatory changes 
can be differentiated from previous existing anatomic abnormalities. A thorough evaluation of the larynx, subglottis, and trachea with rigid rod telescopes then should be performed.

SUPRAGLOTTITIS (EPIGLOTTITIS)

Since Michel's original description of "angina epiglottidea anterior" in 1878,[71] acute epiglottitis, or supraglottitis as it is more correctly called, has become recognized as a rapidly progressive, life-threatening airway emergency. Supraglottitis 
predominantly affected children in what may be termed the pre-vaccine era. A precipitous decline in supraglottitis in children has occurred since the introduction of the Haemophilus influenzae type b (HIB) vaccine.[66] [73] [81] Before widespread 
use of the HIB vaccination, the incidence of HIB among children ranged from 6 per 100,000 in Canada[80] to 34 per 100,000 in Switzerland.[31] In 1988 conjugated HIB vaccine was introduced with recommendations for universal use in 
children by 2 years of age in 1990 and immunized levels of at least 90% by 1995. Invasive HIB disease, primarily supraglottitis and meningitis, has declined nationally in the United States by 95%.[57] Immunization works by producing 
antibodies to the polysaccharide capsule of HIB. Supraglottitis may infrequently occur even when immunization has occurred because of failure of antibody production. [57] Acute supraglottitis remains a rare infection. Its importance lies in its 
high mortality if the diagnosis is not made promptly.

Supraglottitis is a bacterial cellulitis of all the supraglottic structures (not just the epiglottis) that may completely obstruct the airway. As the supraglottic edema increases, the epiglottis curls posteriorly and inferiorly as a result of diffuse 
inflammatory infiltration of the lingual surface of the epiglottis ( Figure 195-7 ). The aryepiglottic folds are also affected. With the airway partially occluded, mucous can easily complete obstruction of the airway. Diffuse infiltration of 
immature polymorphonuclear lymphocytes and
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Figure 195-7 Histologic section of a larynx (postmortem) in supraglottitis showing posterior curling of the epiglottic cartilage (arrowheads) and severe inflammatory edema of the lingual surface of the epiglottis (arrows). 



 

Figure 195-8 Supraglottitis seen on lateral soft-tissue radiograph with a rounded epiglottis (arrow), thickened aryepiglottic folds (arrowheads), and distention of the hypopharynx. 

 

Figure 195-9 Supraglottitis just after intubation, visualized by a rigid rod telescope. 

 

Figure 195-10 Bacterial tracheitis in a lateral soft-tissue radiograph with obscured tracheal airway caused by sloughed mucosa (arrows). The epiglottis (arrowhead) is normal. 

 

Figure 195-11 Bacterial tracheitis with severe glottic and subglottic edema with sloughed mucosa in the lumen. 



 

Figure 195-12 Retropharyngeal cellulitis and abscess seen on a lateral radiographic view with widened soft tissue in the retropharynx compared with the adjacent vertebral bodies. 

 

Figure 195-13 Retropharyngeal abscess in a lateral view with gas production within the soft tissues of the retropharynx. 

 

Figure 195-14 Axial computed tomography showing a hypodense area in the left retropharynx, indicating a retropharyngeal abscess (arrow). 
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Chapter 196 - RECURRENT RESPIRATORY PAPILLOMATOSIS

Craig S. Derkay 
Russell A. Faust 

INTRODUCTION

Recurrent respiratory papillomatosis (RRP) is the most common benign neoplasm of the larynx in children. Despite its benign histology, RRP has potentially fatal consequences and is often difficult to treat because of its tendency to recur 
and spread throughout the respiratory tract. Long neglected from an epidemiological standpoint, initiatives to better understand this disease process have been launched through coordination between the Centers for Disease Control and 
Prevention (CDC) and the American Society of Pediatric Otolaryngology (ASPO). In this chapter, we will discuss what we currently know regarding the etiology, immunology, epidemiology, and transmission of RRP. Clinical features 
including pertinent aspects of the history, physical examination, airway endoscopy, and other considerations are highlighted. Management principles for performing surgical and nonsurgical treatments, the indications and results for 
employing adjuvant therapies, and their results are discussed. Ongoing research initiatives, promising strategies, and the RRP Task Force's contributions to understanding this frustrating disease are also reviewed.

EPIDEMIOLOGY

Recurrent respiratory papillomatosis is a disease of viral etiology, caused by human papillomavirus (HPV) types 6 and 11, and is characterized by the proliferation of benign squamous papillomas within the aerodigestive tract.[42] [58] [94] 
Although it is a benign disease, RRP has potentially fatal consequences because of its involvement of the airway and to the risk, albeit low, of malignant conversion. In addition to the emotional burden to the patients and their families 
associated with the need for repeated surgeries, the economic cost of this relatively rare chronic disease is high, having been estimated at $150 million annually.[25] 



RRP is both the most common benign neoplasm of the larynx among children and the second most frequent cause of childhood hoarseness.[56] The disease is often difficult to treat because of its tendency to recur and spread throughout the 
aerodigestive tract. Although it most often involves the larynx, RRP may involve the entire aerodigestive tract. The course of the disease is variable, with some patients experiencing spontaneous remission, whereas others may suffer from 
aggressive papillomatous growth and respiratory compromise, requiring multiple surgical procedures through many years.

RRP may have its clinical onset during either childhood or adulthood. It may affect people of any age, with the youngest patient identified at 1 day of life, and the oldest at 84 years.[25] Two distinct forms of RRP are generally recognized: a 
juvenile or aggressive form and an adult or less-aggressive form. The aggressive form, although most prevalent in children, can also occur in adults. Children whose RRP was diagnosed at younger ages (<3 years) have been found to be 3.6 
times more likely to have greater than four surgical procedures per year, and almost two times more likely to have two or more anatomical sites affected, than were children whose RRP was diagnosed at older ages (>3 years). [25] Similarly, 
children with disease progression are generally diagnosed at younger ages than those who remain stable or become disease-free. [68] [71] In most pediatric series, the delay in diagnosis from the time of onset of symptoms averages about 1 year.[25] 
[79] Of the children who have been diagnosed, 75% were diagnosed before their fifth birthday. [16] 

The true incidence and prevalence of RRP are uncertain. It is estimated that between 1,500 and 2,500 new cases of childhood-onset RRP occur in the United States each year.[25] While the incidence among children in the United States is 
estimated at 4.3 per 100,000 children, the incidence among adults is 1.8 per 100,000.[4] [25] These figures are comparable with those found in a Danish survey. In a subpopulation
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incorporating 50% of the population of that country, the rate among children was 3.62 per 100,000, whereas adult-onset cases occurred at a rate of 3.94 per 100,000. [51] The National Registry of children with RRP, composed of the clinical 
practices at 22 pediatric otolaryngology sites, calculates a mean number of procedures at 19.7 per child with an average of 4.4 procedures per year.[4] [25] Based on the incidence data, this translates into more than 15,000 surgical procedures 
annually for children with RRP in the United States.

VIROLOGY OF HUMAN PAPILLOMAVIRUS

HPV, belonging to the Papovaviridae family, is a small deoxyribonucleic acid (DNA)-containing, non-enveloped, icosahedral (20-sided), capsid virus with a double-stranded circular DNA of 7900 base-pairs long. HPV is epitheliotropic 
(infects epithelial cells). The HPVs have been grouped on the basis of shared genetic code homology, with viruses that share less than 90% identity in specific regions of the virus being defined as separate types. On this basis, the HPVs are 
numbered to distinguish them. There are nearly 100 different HPV types identified to date. Grouping HPV types on the basis of their DNA homology has allowed us to identify closely related types. Functionally, these groupings correlate 
with their tissue preference, as well as similar pathophysiology.[65] The HPVs are members of a large family of papillomaviruses that infect vertebrates ranging from birds to humans, causing epithelial neoplasms that can be benign or 
malignant. These viruses are designated by their natural host species (e.g., bovine papillomavirus, murine papillomavirus, and human papillomavirus). Each papillomavirus is specific for its host species, and this specificity is thought to be 
absolute. Within each species, similar types of papillomavirus exhibit specificity for epithelial tissues of different sites (e.g., oral mucosa, genital mucosa, or skin). In humans, this tissue specificity is less absolute, and some HPV types 
exhibit more of a preference for certain tissues.

Until the 1990s, HPV had been suspected but not confirmed as the causative agent in RRP. This uncertainty resulted from an inability to culture the virus in vitro, and from the failure to demonstrate viral particles consistently in papilloma 
lesions using electron microscopy or HPV antibodies. With the advent of molecular probes, HPV DNA has been identified in virtually every papilloma lesion studied. The most common types identified in the airway are HPV 6 and HPV 11
—the same types responsible for more than 90% of genital condylomata. Specific viral subtypes may be correlated with disease severity and clinical course. Children infected with HPV 11 appear to have a more obstructive airway course 
early in the disease and a greater likelihood of undergoing tracheotomy to maintain a safe airway.[69] 

In addition to the HPV group that includes HPV 6 and 11, two other major groups of HPV are associated with mucosal lesions in the aerodigestive and genital tracts. HPV 6 and 11, responsible for the majority of RRP, are members of a 
group believed to have a low malignant potential compared with some other groups. In contrast, the group that contains HPV 16 and HPV 18 is associated with malignancies in the genital and aerodigestive tracts.[65] The group that contains 
HPV 31 and HPV 33 exhibits malignant potential that lies somewhere in between.

HPV is thought to infect stem cells within the basal layer of mucosa.[2] [86] After infection of the stem cells, the viral DNA can either be actively expressed or it can exist as a latent infection in mucosa that remains clinically and histologically 
normal. To produce viral proteins or to replicate the virus, the viral DNA must somehow reactivate the host replication genes. The viral genome consists of three regions: an upstream regulatory region, and the two regions named according 
to the phase of infection in which they are expressed—early (E) and late (L) regions. The E-region genes are involved in the replication of the viral genome, interaction with the host cell intermediate filaments, and transforming activities, 
and are potential oncogenes, depending on the HPV type. The L-region genes encode the viral structural proteins.[1] [90] 

The induction of cellular proliferation is a fundamental property of HPV, although the mechanism of action remains unclear. We are slowly gathering information regarding the interaction of viral gene products with cellular proteins. For 
example, several of the viral E-region gene products have been shown to bind and inactivate certain cellular tumor-suppressor proteins.[90] [95] Conversely, HPV has been shown to activate the epidermal growth factor (EGF) receptor pathway, 
known to be associated with proliferation of epithelial cells.[94] Thus, there are likely several mechanisms by which HPV induces cellular proliferation in the aerodigestive mucosa.

Histologically, this mucosal proliferation results in multiple "fronds" or finger-like projections with a central fibrovascular core, covered by stratified squamous epithelium ( Figure 196-1 ).[2] When papillomas are microscopic, they may 
assume a superficial-spreading configuration, with a velvety appearance ( Figure 196-2 ). When they exhibit a more macroscopic or exophytic growth pattern, they appear grossly as "cauliflower" projections ( Figure 196-2 ). Papilloma 
lesions may be sessile or pedunculated and often occur in irregular exophytic clusters. Typically, the lesions are pinkish to white in coloration. Iatrogenic implantation of papilloma may be preventable by
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Figure 196-1 Histopathology of human recurrent respiratory papillomatosis. Micrograph of laryngeal mucosa infected with human papillomavirus. 



 

Figure 196-2 Gross appearance of respiratory papillomas during laryngoscopy. Appearance of massive, exophytic papillomatosis of the larynx. 

 

Figure 196-3 Tracheal spread of recurrent respiratory papillomatosis. Note nodular, exophytic lesions in distal trachea. 

 

Figure 196-4 Pulmonary spread of recurrent respiratory papillomatosis. Note lytic, cavitary lesions on computed tomography. 

 

Figure 196-5 Practice pathway for recurrent respiratory papillomatosis. GER, gastroesophageal reflux; HPV, human papillomavirus; PDT, photodynamic therapy; RRP, recurrent respiratory papillomatosis. 



 

TABLE 196-1 -- TREATMENT OPTIONS IN RRP

Treatment Number of Patients Reported

Laser therapy Hundreds

The standard for papilloma removal.

Microdebrider removal Hundreds

An evolving standard for papilloma removal.

Acyclovir 8

Inhibits thymidine kinase, an enzyme not encoded by HPV.

4 patients treated with post-op acyclovir, with "no recurrence in 3 cases" (Yadav and others, 2000).[96] 

4 patients treated with acyclovir as adjuvant therapy to routine surgical / laser treatment. One of the 4 patients exhibited "less aggressive disease during the treatment period." The authors conclude that acyclovir "is not recommended in the 
treatment of juvenile respiratory papillomatosis" (Morrison and Evans, 1993). [57] 

Cidofovir 28

First member of group of antiviral agents known as acyclic phosphonate nucleotide analogs; they inhibit viral DNA polymerase. Cidofovir is directly injected into laryngeal sites of RRP. Large-scale trials are ongoing.

14 of 17 patients with "severe" RRP who underwent cidofovir injections experienced a "complete response" (Snoeck and others, 1998).[81] 

10 of 10 children with RRP who underwent cidofovir injections showed a response with short term followup (Pransky and others, 1999).[67] 

14 of 14 adults with RRP exhibited disease remission after 1–6 injections of cidofovir (Bielamowicz and others, 2002).[8] 

Similarly, percutaneous injections of cidofovir resulted in clinical improvement in 5 of 5 adults (Chhetri and others, 2002).[15] 

A report of a single patient with pulmonary spread of RRP suggests that systemic cidofovir may be effective in some instances. A patient had documented regression of lung RRP lesions in response to systemic cidofovir (Dancey and others, 
2000).[19] 



Indole-3-carbinol (I-3-C) 18

I3C affects the ratio of estradiol hydroxulation.

18 patients patients, Phase I trial: 1/3 (6 patients) exhibited "cessation of their papilloma growth"; 1/3 (6 patients) exhibited "reduced papilloma growth rate"; 1/3 (6 patients) exhibited "no clinical response" (Rosen and others, 1998).[70] 

Interferon-alpha > 100

The most widely used adjuvant therapy, appears to modulate host immune response to virus. Most common adverse side effects include flu-like symptoms, but can include severe CNS effects such as coma.[50] [73] 

Mumps vaccine 49

11 children with RRP treated with regular laser excision. 9/11 patients (82%) with "remission induced by 1 to 10 injections, with follow-up of 5 to 19 months."

In subsequent series, "remission induced in 29/38 patients (76%) by 4 to 26 injections, with follow-up 2 to 5 years" (Pashley, 2002).[63] 

Retinoids ?

ANY in RRP trials?

Photodynamic therapy (PDT - DHE) > 100

Photodynamic therapy (PDT - Foscan) Ongoing Clinical Trials

Vaccines Ongoing Clinical Trials

A fusion protein comprised of heat shock protein and the E7 gene product of human papillomavirus (HSP-E7) has been used successfully as a novel vaccine in patients with anogenital warts, where 13 or 14 adult patients had resolution of 
warts at 24 week visit (Goldstone and others, 2002).[30] This novel approach is currently in clinical trials as potential therapy for RRP.
 
used in the suspension of the larynx and injure eyes or skin that it hits. A misfire may also hit areas on the patient that are not protected by a wet towel to absorb the laser energy. In addition, the laser smoke or "plume" has been found to 
contain active viral DNA, a potential source of infection.[33] [43] [72] Smoke evacuators are necessary for safety of exposed individuals. Most importantly, since the laser generates heat, ignition of the endotracheal tube may occur with an 
inadvertent laser strike. In the oxygen rich environment provided by anesthetic gases, this can lead to explosion or fire in the airway. The surgeon who is not aware of injury to deeper tissue layers with injudicious laser usage may cause 
unacceptable scarring and subsequent abnormal vocal fold function. Inappropriate and aggressive use of the laser may also cause injury to tissues that are not affected and create an environment suitable for implantation of viral particles. Use 
of CO2 laser can also result in delayed local tissue damage, which may be related to the total number of laser surgeries and the severity of RRP disease.

Although the CO2 laser allows for precision of surgery and excellent hemostasis, multiple procedures are often necessary. Frequent interval laser laryngoscopies are recommended in an attempt to avoid tracheotomy and permit the child to 
develop good phonation with preservation of normal vocal cord anatomy. The newest generation of laser microspot micromanipulator enables the surgeon to utilize a spot size of 250 mm at 400-mm focal length and 160 mm at 250-mm focal 
length.

Although the CO2 laser is the most commonly used laser for RRP in the larynx, the potassium titanium phosphate (KTP) and the argon laser could also be used. Papillomata that have extended down the trachea-bronchial tree often require 
use of the KTP laser coupled with a ventilating bronchoscope for removal. Occasionally, the ventilating resectoscope can also be utilized in these circumstances.

Emerging Technologies

The use of the CO2 laser on the true vocal folds must be judicious given the potential for significant postoperative scar tissue formation from unrecognized heat transfer. To minimize the risk of scar formation in the true vocal folds, cold steel 
excision can be used successfully the principles of phono-microsurgery, submucosal infusion, and microinstrumentation. This approach may have treatment advantages over CO2 laser surgery, especially in the adult RRP patient. [20] [93] [97] In 
their initial series, Zeitels and Sataloff report recurrence of papilloma in none of the six adults who underwent resection for primary disease at 2 years follow-up. Of those who presented with recurrent papillomatosis, 6 of 16 (38%) continued 
to recur after their micro-flap procedure.[97] 

Publications have highlighted the potential benefits of other surgical technologies in managing RRP. Bower
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and others evaluated the feasibility and safety of the flash pump dye laser in nine children and found good early results.[13] McMillan and others published preliminary results regarding their positive experience with the 585 nm pulsed dye 
laser in three patients.[54] 

A number of investigators are now replacing their use of the CO2 laser with the endoscopic microdebrider as means of quickly debulking laryngeal disease. * In a small, randomized study, Wooley and Wiatrak showed improved voice quality, 
less OR time, less mucosal injury, and a cost benefit in direct comparison of the microdebrider to the CO2 laser.[95] A web-based survey of members of the American Society of Pediatric Otolaryngologists (ASPO) found the majority of 
respondents now favoring the use of "shaver" technology. [23] 

Since no therapeutic regimen reliably eradicates the HPV, when there is a question about whether papilloma in an area needs to be removed, it is prudent to accept some residual papilloma rather than risk damage to normal tissue and 
producing excessive scarring. Even with the removal of all clinically evident papilloma, latent virus remains in adjacent tissue. Therefore, the aim of therapy in extensive disease should be to reduce the tumor burden, decrease the spread of 
disease, create a safe and patent airway, optimize voice quality, and increase the time interval between surgical procedures. Staged papilloma removal for disease in the anterior commissure is appropriate to prevent the apposition of two raw 
mucosal surfaces.

Anesthetic Techniques



Several different anesthetic techniques have been advocated in endoscopic procedures to remove papillomas in children. With all methods, the airway must be handled with the utmost delicacy to minimize iatrogenic microtrauma to the 
mucosa.

Spontaneous Ventilation

In spontaneous ventilation, anesthetic gases are entrained through a side-port of the laryngoscope or through an endotracheal tube placed in the pharynx. The patient's own efforts are responsible for maintenance of anesthesia. Advantages are 
the unobstructed surgical field, but the technique is hard to master and requires an anesthesiologist who is well attuned to his or her patient. Laryngospasm, awakening, and other movement can take place with disastrous results.

Intermittent Apnea-Reintubation

Intermittent apnea-reintubation allows for the widest range of anesthetic types and also provides for an unobstructed surgical view. The patient is anesthetized, intubated, suspended, and examined. The microscope is used to visualize the 
larynx and the tube is withdrawn while the laser or microdebrider is used. The tube is then replaced after a suitable interval before the patient's oxygenation diminishes and carbon dioxide level rises. Although the time for operative 
intervention is limited, this method is simple and effective. It does have the drawback of potentially spreading the virus through the repeated placement of the tube, however.

Wrapped or "Laser-Safe" Endotracheal Tube

Use of a wrapped or "laser-safe" endotracheal tube to protect the tube from accidental ignition by the laser can be effective and permits no significant alteration in anesthetic or surgical management. The tube remains in the surgical field 
potentially obscuring the posterior glottis and subglottis. A wrapped tube must be protected (usually with electromagnetic tape or foil) to reduce risk of airway fire. There are commercially available "laser safe" tubes. Cuffs must also be 
protected with moist surgical cottonoids to prevent their rupture.

Jet Ventilation

Another anesthetic alternative is the use of jet ventilation for microsurgery of the larynx. Jet ventilation eliminates the potential fire hazard inherent in the use of the endotracheal tube when used with the CO2 laser and allows good 
visualization of the vocal cords. A limitation of this technique is the possibility of transmission of HPV particles into the distal airway. The jet cannula can be placed either above or below the vocal cords and each has its own particular 
benefit. It is preferable to place the cannula proximal to the end of the laryngoscope to decrease the risk of possible pneumothorax or pneumomediastinum. With large laryngeal lesions, narrowed airways, and ball-valve lesions, there may 
develop a high degree of outflow obstruction that could lead to increased intrathoracic pressure and a subsequent pneumothorax. This may also result if there is inadequate muscle relaxation. Jet ventilation also requires constant 
communication between the operating surgeon and the anesthesiologist. Excessive mucosal drying and damage can occur, as can insufflation of air into the stomach with gastric distention. As mentioned earlier in this chapter, there is also the 
potential risk of disseminating papilloma or blood into the trachea-bronchial tree.

Adjuvant Treatment Modalities

Although surgical management remains the mainstay therapy for RRP, ultimately as many as 10% of patients with the disease will require some form of adjuvant therapy. The most widely adopted criteria for initiating adjuvant therapy are: a 
requirement for more than four surgical procedures per year, rapid regrowth of

*References [24] [27] [59] [61] [64] [95] . 
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papilloma disease with airway compromise, or distal multisite spread of disease. Some of these adjuvant treatment options are summarized in Table 196-1 .

Antiviral Modalities

Interferon.

The most commonly employed adjuvant therapy is alpha-interferon. [25] [35] [50] The exact mechanism by which interferon elicits its response is unknown. It appears to modulate host immune response by increasing production of a protein kinase 
and endonuclease that inhibits viral protein synthesis.[73] Interferons are a class of proteins that are manufactured by cells in response to a variety of stimuli including viral infection. The enzymes that are produced block the viral replication of 
RNA and DNA and alter cell membranes to make them less susceptible to viral penetration.

Common interferon side effects fall into two categories: acute reactions (fever and generalized flu-like symptoms, chills, headache, myalgias, and nausea that seem to decrease with prolonged therapy) and chronic reactions (decrease in the 
growth rate of the child, elevation of liver transaminase levels, leukopenia spastic diplegia, and febrile seizures). Thrombocytopenia has been reported, as have rashes, dry skin, alopecia, generalized pruritus, and fatigue. Acetaminophen has 
been found to effectively relieve fever, and interferon injections are best tolerated at bedtime. Interferon produced by recombinant DNA techniques appears to have fewer side effects and better efficacy than bloodbank-harvested interferon. 
Therapy is initiated at 5 million units/m2 body surface area administered by subcutaneous injection on a daily basis for 28 days, then 3 days per week for at least a 6-month trial. After 6 months in children with excellent responses and no 
severe side effects, the dosage can be decreased to 3 million units/m2 for 3 days a week with further slow weaning as tolerated.

Ribavirin.

Ribavirin is an antiviral drug used to treat respiratory syncytial virus pneumonia in infants that has also shown some promise in the treatment of aggressive laryngeal papillomatosis. Ostrow and others at the University of Minnesota have 
completed a small trial in eight patients utilizing ribavirin in an oral form at 23 mg/kg/day divided qid after an initial intravenous loading dose showing an increase in surgical interval in those treated.[53] 

Acyclovir.

Another antiviral treatment that has been advocated in the treatment of RRP is acyclovir. Although the activity of acyclovir is dependent on the presence of virally encoded thymidine kinase, an enzyme that is not known to be encoded by 
papillomavirus, conflicting clinical results have been obtained in several small series. Theoretically, it would not be expected to have a positive effect. However, it has been postulated that perhaps acyclovir is most effective when there are 



co-disease factors such as a simultaneous infection with herpes simplex virus. Such viral co-infections with Herpes Simplex Virus-1, Cytomegalovirus, and Epstein Barré Virus (HSV-1, CMV and EBV), have now been demonstrated in both 
adult[66] and pediatric[83] RRP patients. Adult patients with viral co-infections appear to have a more aggressive clinical course.[66] 

Cidofovir.

Two recent reports have stimulated interest in the intralesional injection of cidofovir (Vistide® )—(S)-1-[3-hydroxy-2-(phosphonylmethoxyethyl)-propyl]-cytosine (HPMPC)—a drug approved by the U.S. Food and Drug Administration for 
use in human immunodeficiency virus (HIV) patients with cytomegalovirus. Snoeck and others reported a series of 17 patients with severe RRP treated with cidofovir at 2.5 mg/ml injected directly into the papilloma bed after laser surgery 
experienced a complete response in 14 days.[81] Pranksy and others have used this therapy in 10 children with severe RRP with short-term follow-up showing a response in all 10 patients.[67] Finally, there has been one encouraging successful 
treatment of pulmonary multicystic papillomatosis using systemic cidofovir.[19] Despite the anecdotal nature of these small studies and reports, the preliminary results are encouraging. Two open-label multi-site protocols have been initiated to 
further study the safety and efficacy of this promising drug.

Photodynamic therapy.

Photodynamic therapy (PDT) applied to the treatment of RRP has been studied extensively at Long Island Jewish Hospital by Shikowitz and others. [77] PDT is based on the transfer of energy to a photosensitive drug. The original drug utilized 
was dihematoporphyrin ether (DHE), which has a tendency to concentrate within papillomas more so than in surrounding normal tissue. Patients are typically treated intravenously with 4.25 mg/kg of DHE before photoactivation with an 
argon pump dye laser. A small but statistically significant decrease in RRP growth, especially in patients whose disease was worse, was seen with the use of PDT and DHE. The drawback of this therapy is that patients become markedly 
photo-sensitive for periods lasting 2 to 8 weeks. A new drug, m-tetra(hydroxyphenyl)chlorine (Foscan®), has shown efficacy in HPV-induced tumors in rabbits with minimal tissue damage and less photosensitivity. A clinical trial utilizing 
this drug at a dose of 0.15 mg/kg is currently underway. The preliminary results in adults are very encouraging, and children have now been added to the protocol.[85] 
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Indole-3-carbinol.

There has been recent interest in the dietary supplement, indole-3-carbinol, a compound that is found in high concentration in cruciferous vegetables such as cabbage, cauliflower, and broccoli. Preliminary results of treating RRP with indole-
3-carbinol were encouraging. During the short follow-up of the study (a minimum of 8 months), one-third of the patients had a cessation of their papilloma growth and did not require further surgery, one-third of the patients exhibited 
reduced papilloma growth rate, and one-third did not show a clinical response.[70] The role of estrogens on the growth of RRP has been conjectured since the discovery that RRP exhibits increased binding of estrogen.[28] Subsequent to that 
report, inhibition of estrogen metabolism using indole-3-carbinol has been shown to reduce the formation of HPV-induced papilloma tumors in immunocompromised mice by nearly 75%.[60] Most recently, the clinical response to indole-3-
carbinol in children with RRP was closely correlated with the ratio of hydroxylated estradiol in urine.[70] Longer follow-up of a larger, blinded, controlled trial seems warranted before universally recommending this therapy.

Retinoids.

Retinoids, which are metabolites and analogues of vitamin A, are known modulators of cellular proliferation and differentiation of diverse histological cell types. In the aerodigestive tract, excess vitamin A has been found to suppress 
squamous differentiation, and may result in mucous metaplasia.[48] In contrast, vitamin A deficiency may result in hyperkeratinization and squamous metaplasia.[52] However, there are a variety of retinoids with opposing effects on epithelial 
cell metabolism.[10] [26] [55] [98] Thus, to state that retinoids as a class of agents have a beneficial or deleterious effect on mucosal differentiation would be an over-simplification. With this caveat, 13-cis-retinoic acid (Accutane) has gained some 
popularity as a systemic treatment for RRP.[5] The dosage for retinoic acid is 1 to 2 mg/kg/day. This therapy is maintained for 6 months or until the patient develops side effects he cannot tolerate.

RRP and Reflux

The role of gastroesophageal reflux in exacerbation of RRP deserves special mention. Recent case reports have shown that the rate of recurrence of respiratory papillomatosis in children may decrease significantly after antireflux therapy.[11] [34] 
The H2-antihistamine Cimetidine (ranitidine) has been shown to have immunomodulatory effects.[14] [39] This has resulted in several reports of its use against various virally based diseases, including RRP.[34] [49] It is for these reasons that optimal 
control of extra-esophageal reflux disease has been advocated as a means of improving outcomes, along with surgical therapy. The authors routinely place our RRP patients on an antireflux regimen.

EMERGING STRATEGIES

To date, HPV and RRP have not been convincingly inhibited by antineoplastic agents or antiviral agents in large prospective studies. New modalities are therefore being actively sought. Gene therapy and other novel approaches offer several 
strategies that may be effective. Gene therapy relies on the expression of targets that are expressed exclusively in pathological tissues, but not expressed by normal cells—the HPV gene products may provide such molecular targets in RRP. 
Data in the literature suggest that appropriate HPV candidate targets would be HPV type 6 and 11 early genes E2, E5, E6, and E7.[1] [78] [90] [95] The following is a brief review of some of the evolving modalities, including gene therapy strategies, 
and those based on our current understanding of the differentiation of RRP epithelium, with potential application to treating RRP.

Antisense Oligodeoxynucleotides

Antisense oligodeoxynucleotides (ODNs) are an emerging tool for repressing a specific gene, and are a growing area of anticancer therapy investigation. The term "antisense" is used to describe either RNA or DNA strands that complement 
the original messenger RNA (mRNA) that is transcribed from the gene in question. The mechanisms of antisense action are unclear, but seem to be different for different mRNA transcripts. In different systems, antisense ODNs may inhibit 
translation of mRNA to protein, inhibit movement of mRNA within the cell, stimulate digestion of double-strand RNA within the cell, or induce interferon production. Any of these antisense effects can result in specific decreased synthesis 
of the gene product, and antisense ODNs have been used to experimentally treat a variety of malignancies. [36] Applications of antisense ODNs include the treatment of HPV-associated cancers that contain HPV DNA, as well as epidermal 
papillomas (warts) associated with HPV. Antisense ODNs directed against HPV E6 and E7 in HPV-infected cancer cells, but not HPV-negative cells.[84] These approaches warrant further investigation as potential treatments for RRP.

Differentiation Strategies

RRPs are reported to express abnormally high levels of epidermal growth factor (EGF) receptor.[94] In vitro, these cells respond to EGF by decreased differentiation. Conversely, withdrawal of EGF allows them to differentiate normally.[94] 
Inhibitors of the EGF receptor kinase are reported to induce growth arrest and differentiation in HPV-16-infected keratinocytes.[6] 
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Therefore, one goal of treatment for RRP may be to induce differentiation of RRP epithelium, as has been reported in response to some of the retinoid therapies.[14] Indeed, some of the differentiation effects of retinoids may be manifest as a 
result of their effects on the EGF receptor.[44] Ultimately, topical or aerosol application of available EGF receptor inhibitors may help induce epithelial differentiation, and reduce growth of RRP.

Immunotherapy

Immunotherapy is the term used to describe an approach that relies on the ability to elicit an immune response to antigens that are specific to a tumor or other pathologic tissue. With regard to HPV, vaccines have been devised that elicit an 
immune response against HPV gene products. Some of these have shown promise as immunotherapies for HPV-associated cancers. [3] [12] [31] A multicenter clinical trial is currently underway to study the efficacy of a biological modifier based 
on a HPV-16 heat-shock protein fusion product against RRP. Recent development of an HPV 16/18 vaccine directed towards eliminating cervical dysplasia and carcinoma in situ in the female genito-urinary tract offers some promise for 
similar products based on HPV 6/11 to be developed to combat RRP.

STAGING SEVERITY

It is helpful when tracking the progression of a child's disease, communicating with other surgeons, and treating patients in a protocol format to have a surgical scoring system to assess severity and clinical course of RRP disease. Although 
several scoring and staging systems have been proposed, clinicians and researchers have not yet adopted a uniformly acceptable nomenclature for describing RRP lesions that is simple yet comprehensive. This has created confusion in the 
RRP literature and in physician-to-physician communications regarding patients' response to therapies. In addition, the absence of a universally accepted staging system has hampered our abilities to accurately report the results of adjuvant 
therapies or document the natural course of the disease. We have proposed a new severity-staging system for RRP in a format that incorporates the best qualities of the existing systems by numerically grading the extent of papillomatosis at 
defined aerodigestive subsites, assessing functional parameters, diagrammatically catalogs sub site involvement, and assigning a final numeric score to the patient's current extent of disease ( Figure 196-5 , Figure 196-6 and Figure 196-7 ).[22] 
[37] Utilizing software designed at the University of Washington (Seattle, Wa) and licensed to the ASPO, this staging system is now computerized and available to pediatric otolaryngologists and bronchoesophagologists to allow them to 
objectively and subjectively measure an individual patient's clinical course and response to therapy through time. Health Insurance Portability and Accountability Act-compliant encryption technology with this software offers promise to 
allow clinicians from around the world to anonymously share some of their patient data to enhance our knowledge of this disease and promote multi-institutional investigations.

RRP REGISTRY AND TASK FORCE INITIATIVES

It should be stressed that participation in national and regional protocols of adjuvant treatment modalities is essential for the scientific community to learn more about RRP. A national registry of patients with RRP has been formed through 
the cooperation of the ASPO and the CDC.[4] The registry currently tracks nearly 600 children at 22 sites with data on more than 11,000 surgical procedures. It is hoped that the national registry will aid in the identification of patients suitable 
for enrollment in multi-institutional studies of adjuvant therapies and will better define the risk factors for transmission of HPV and the cofactors that may determine the aggressiveness of RRP. An RRP task force has been formed, made up 
of the principal investigators at each of the registry sites, to facilitate research initiatives. The task force has recently completed a set of Practice Guidelines (RRP Task Force, 2000) to help guide the clinician in the diagnosis and management 
of children with RRP. The task force is currently working on establishing an RRP tissue bank, coordinating a multi-center Cidofovir clinical trial, facilitating an investigation of the genes responsible for aggressive RRP and distributing the 
RRP staging software through ASPO.

OTHER CONSIDERATIONS

Children newly diagnosed with RRP warrant a substantial time commitment on the part of the otolaryngologist to engage the family in a frank and open discussion of the disease and its management. Support groups such as the Recurrent 
Respiratory Papilloma Foundation (www.rrpf.org) can be a vital resource for information and support. RRP patients require frequent office visits and endoscopic procedures at the outset to establish the aggressiveness of their disease. The 
patients are encouraged to return to the office or call as often as necessary while family members and the health care team become familiar with the child's symptoms and level of distress. While infant home intercom-type monitors are often 
recommended, apnea-bradycardia monitors and pulse oximetry are generally not necessary. Repeat flexible fiberoptic laryngoscopy may be utilized in the office settings, and speech and language therapy is offered early in
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Figure 196-6 Staging assessment sheet for recurrent respiratory papillomatosis. [22]  

the course of the disease. Control of other medical factors such as reflux and asthma is also aggressively pursued.

SUMMARY

RRP is a frustrating, capricious disease with the potential for morbid consequences because of its involvement of the airway and the risk of malignant degeneration. The goals of surgical therapy are to maintain a safe airway with a 
serviceable voice while avoiding excessive scarring. No single modality of therapy has been consistently shown effective in eradicating RRP. When children are requiring surgical therapy more frequently than 4 times in 12 months or have 
evidence of distal spread of RRP outside of the larynx, adjuvant medical therapy should be considered. Many adjuvant therapies have been investigated to supplement surgical therapy. These range from dietary supplements and control of 
extra-esophageal reflux disease to potent antiviral and chemotherapeutic agents and photo-dynamic therapies. Although several of these modalities have shown promise, no adjuvant therapy to date has "cured" RRP.

Strides are being made in learning more about the natural history of the disease. A registry of RRP patients at the CDC has been established, and software to help clinicians share information on and accurately follow their RRP patients has 
been developed. Future research is needed regarding prevention of transmission of HPV from mother to child. Specifically, the roles of caesarean section and gynecologic surgery during pregnancy need to be elucidated. Development
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Figure 196-7 Diagram of laryngeal sites that may be scored.[37]  
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Chapter 197 - EARLY DETECTION AND DIAGNOSIS OF INFANT HEARING IMPAIRMENT

Susan J. Norton 
Jonathan A. Perkins 

INTRODUCTION

History of Infant Hearing Screening

The importance of early identification of hearing loss has been recognized for many years.[9] [18] [19] Undetected hearing loss present from an early age can impede acquisition of speech, language, cognitive, and social-emotional development.

Joint Committee on Infant Hearing

The Joint Committee on Infant Hearing (JCIH), of which the American Academy of Otolaryngology-Head and Neck Surgery is a founding member, was established in 1969 with the goal of developing more accurate and efficient methods of 
identifying neonatal hearing impairment. In 1972, the JCIH recommended the use of a high-risk registry (HRR) to identify neonates at higher than normal risk for hearing loss. It recommended these infants be referred for audiological testing 
within the first 2 months of life. In 1982,[47] 1990,[45] and 1994[46] the JCIH issued updated high-risk criteria. The 1994 HRR included family history of hereditary childhood sensorineural hearing loss, in utero infection (e.g., toxoplasma gondii, 
other virus, rubella, cytomegalovirus, and herpes simplex [TORCH]), craniofacial anomalies, birthweight fewer than 1500 grams, hyperbilirubinemia at a serum level requiring an exchange transfusion, ototoxic medications including but not 



limited to aminoglycosides used in multiple courses or in combination with loop diuretics, bacterial meningitis, Apgar scores of 0 to 4 at 1 minute or 0 to 6 at 5 minutes, mechanical ventilation lasting ≥5 days or more, and stigmata or other 
findings associated with a syndrome known to include sensorineural or conductive hearing loss. However, the JCIH recommended HRR use only if universal newborn hearing screening (UNHS) was unavailable. Only 2% to 5% of neonates 
with one or more risk factors exhibit a moderate to profound hearing loss. Conversely, 95% to 98% of neonates with one or more risk factor have normal hearing.[68] Furthermore, 50% of children with moderate to profound congenital hearing 
loss exhibit no risk factors for hearing loss.[60] This means that use of the HRR alone, as an indication for hearing testing, would leave at least 50% of infants with congenital hearing loss undiagnosed.

Delay in Identification

A significant delay exists in the identification and intervention of hearing impairment for infants without risk factors. For infants with mild to moderate hearing loss, a 1996 survey showed that parents of high-risk infants first suspected the 
loss when their infants were at a median age of 8 months. In contrast, the parents of infants without risk factors first suspected their infant had a hearing loss when the child was 15 months of age.[34] [100] Hearing loss was confirmed in infants 
without risk factors at 22 months of age, compared with 12 months of age for infants with risk factors, and infants were enrolled in intervention at 28 and 18 months, respectively. Age of suspicion (7–8 months), diagnosis (12–13 months), 
and intervention (18–19 months) were essentially the same for infants with severe to profound hearing loss, regardless of whether risk factors were present. Recent retrospective studies indicate that infants with hearing loss enrolled in 
appropriate early intervention by 6 months of age have significantly fewer delays than those who enroll after 6 months of age.[34] [11] These findings are for all degrees of hearing loss, as well as for children with other handicapping conditions.

Universal Newborn Hearing Screening

In 1993, the National Institute for Deafness and other Communicative Disorders (NIDCD) Consensus Conference on Early Identification of Hearing Loss recommended UNHS for infants within the first
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3 months of life, preferably before hospital discharge.[21] Subsequently, several organizations and government agencies have endorsed UNHS as the best way to ensure early detection and habilitation of hearing loss. These include the 
Academy of Otolaryngology-Head and Neck Surgery, American Academy of Pediatrics, American Speech-Language-Hearing Association, American Academy of Audiology, and others. Despite considerable disagreement concerning the 
relative 1993 merits of specific measurement approaches for neonatal hearing screening and whether UNHS is even appropriate at this time,[93] 37 states and the District of Columbia have mandated UNHS.[97] The goals of the U.S. Department 
of Health and Human Services' initiative Healthy People 2010 include UNHS by 1 month of age, diagnostic confirmation of hearing loss by 3 months of age and enrollment in appropriate early intervention for children with hearing loss and 
their families by 6 months of age.[94] The Newborn Infant Hearing and Screening Intervention Act of 1999 provided funding to help states reach this goal.

Prevalence of Sensorineural Hearing Loss in Children

Estimates of congenital sensorineural hearing loss (SNHL) vary from 1 per 1000 to 3 per 1000 live births depending on the degree of hearing loss. Bilateral severe to profound (70 dB HL or greater) hearing loss occurs in 1 per 1000 live 
births. When the results of several studies are averaged, approximately 3 per 1000 infants have a hearing loss of 30 dB or greater.[6] [23] [61] [62] [76] The incidence of significant hearing loss is 10 times greater for infants with 1 or more risk factor 
than those with no risk factors—2% to 5%.

Progressive, late-onset and acquired hearing loss in childhood is a continuing challenge. In its survey of deaf and hard of hearing school-age children Gallaudet Research Institute found a prevalence of significant hearing loss of 1.8% in 
children 3 to 17 years of age.[27] This is 6 times higher than the incidence of hearing loss in the neonatal period. Similarly, van Naarden, Decouflé, and Caldwell[95] reported that the average point prevalence of hearing losses 40 dB or greater 
increased with age from 0.67% at 3 years of age to 1.38% at 10 years of age. It is important that hearing, speech, and language development be monitored because of the occurrence of progressive, late-onset, and acquired hearing loss in early 
childhood.

Increase in Early Identification

In those states with UNHS, the average age of identification of congenital hearing loss has dramatically decreased. Rhode Island mandated UNHS in 1993. In 1998, Vohr and others[96] reported that the average age of confirmation of 
permanent hearing loss in the state's infants was 3 months. In contrast, in the absence of UNHS, the average age of diagnosis of permanent hearing loss in children was 31.25 months. In its 1999 Policy Statement, the American Academy of 
Pediatrics stated, "Reliance on physician observation and/or parental recognition has not been successful in the past in detecting significant hearing loss in the first year of life."[99] Long-term prospective studies of deaf and hard of hearing 
children identified through newborn hearing screening programs are needed to determine if in fact the educational and vocational outcomes are significantly better for these children.

PRINCIPLES AND TECHNIQUES OF NEWBORN HEARING ASSESSMENT

Testing Protocols

The goal of newborn hearing screening is to identify those infants who need diagnostic hearing evaluations because they are at risk for significant hearing loss. With current technology, screening outcomes are either pass or refer. Pass 
indicates the infant is not a risk for significant hearing loss and needs no further testing at this time. Refer indicates the infant is at risk for hearing loss and requires a diagnostic hearing evaluation. It is important to inform parents and 
healthcare providers that refer does not mean that a baby has a hearing loss, only that he or she has a greater risk of hearing loss.

For many years a primary barrier to universal newborn hearing screening was the lack of affordable, reliable, easy-to-use methodology. A hearing screening test has several requirements. First, the response being measured must be robust, 
specific to the peripheral auditory system, and present in all normal hearing newborns. Second, the response criteria must be objective, based on scientific data and applied consistently. Third, the measurement procedures must be non-
invasive, rapid, reliable, easy to use, and be able to test each ear separately. Behavioral methods do not meet these requirements. Currently, one of two physiological measures of auditory system status is employed singly or in combination in 
most UNHS programs. Current technology uses automated protocols and pass-refer criteria. Such algorithms allow the use of less experienced testers, thereby reducing the cost of screening and removing some of the variability in test 
administration.

Auditory Brainstem Responses

The auditory brainstem response (ABR) is a series of scalp-recorded electrical potentials generated in the auditory nerve and brainstem during the first 10 to 20 ms after the onset of a transient stimulus. For the purposes of a hearing 
screening, responses typically are elicited by air-conducted clicks presented at a
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level that is thought to produce a response in ears with normal hearing and produce no response in ears with hearing loss (30–35 dB nHL). Surface electrodes record the synchronized time-domain averaged response to the click.

In response to a click stimulus of known intensity, ABR latency and morphology are highly predictable for infants of a given age. This evoked potential is present in human neonates as early as 25 weeks gestational age and is unaffected by 
sleep, attention, or sedation. ABR morphology changes rapidly with age during infancy because of maturation of the central nervous system (CNS). Therefore, it is important to use age appropriate latency-intensity norms when judging the 
quality of ABR. ABR is affected by external and middle ear, cochlear, auditory nerve, and brainstem status. Middle ear disease or anomaly reduces the stimulus intensity, thus increasing the latency and decreasing the amplitude of the ABR. 
Cochlear abnormalities affect the quality and morphology of the ABR in many different ways. Response amplitude may be reduced, latency may be increased, or waveform morphology altered depending on the degree and configuration of 
the hearing loss. Brief stimuli such as clicks have a broadband frequency spectrum. Click-evoked ABR is not frequency-specific. Any region of normal hearing can generate the response if there is sufficient energy in the stimulus at that 
frequency. ABR is also abnormal in the presence of eighth cranial nerve and lower brainstem abnormalities even if peripheral hearing loss is not present.

ABR has been used for many years to screen infants in the neonatal intensive care unit (NICU) before hospital discharge.[24] [25] [26] [28] [29] Recent advances have resulted in the development of automated ABR detection algorithms.[17] [36] [44] [86] [87] These 
systems replace the subjective impression of the tester as to the presence or absence of an ABR, with an objective statistical estimate of the likelihood or probability of a "response" distinct from the background "noise."

Evoked Otoacoustic Emissions

Evoked otoacoustic emissions (EOAE) are also used widely for newborn hearing screening. EOAE are acoustic signals generated by the cochlea in response to auditory stimulation. They are a physiologically vulnerable indicator of cochlear 
status, specifically outer hair cells. EOAE generation is independent of neural activity and thus measures cochlear status independent of CNS status. Transient evoked otoacoustic emissions (TEOAE) occur after a brief click stimulus.[51] 
TEOAE provide information over a broad frequency range (approximately 500–6000 Hz). Distortion product otoacoustic emissions (DPOAE) occur in response to simultaneous presentation of two pure tones with the appropriate frequency 
and amplitude ratios and also provide frequency-specific information across a broad range of frequencies. [56] 

Almost immediately after the first otoacoustic emissions (OAE) reports by Kemp and Ryan[50] and Kemp,[51] several investigators suggested that one of the potentially most useful clinical applications of OAE is assessment of cochlear status in 
infants.[10] [59] In theory, OAE were thought to (1) take less time to measure than an ABR, because OAE do not require electrode attachment, (2) provide information over a broader frequency range than click-evoked ABR, and (3) provide 
cochlear-specific information unaffected by neurological pathology.

Data from several groups indicate that robust, broadband transient evoked otoacoustic emissions (TEOAE) are observed in neonatal ears in the absence of external or middle ear pathology.[49] [50] [70] Likewise, data indicate that DPOAE are 
robust in neonates and infants.[7] [30] [54] [69] [88] DPOAE screening algorithms use "Dpgrams." The frequency ratio (F2/F1, F2 > F1) and stimulus levels (L1 and L2) are held constant while the frequency of the stimuli (F1 and F2) are systematically 
varied. The amplitude of the distortion product 2F1-F2 is measured as a function of stimulus frequency.

Concerns about OAE-based neonatal hearing screening include difficulty testing in noisy environments, and the effects of vernix and other debris in the ear canal, as well as collapsing ear canals during the first 24 hours after birth.

Comparison of OAE and ABR

In summary, technological advances now make it possible to assess auditory function in neonates and infants. These electrophysiological and acoustical responses can be safely applied without relying on a behavioral response. However, 
neither OAE nor ABR tests evaluate hearing or describe how an individual will use their hearing. OAE and ABR are physiological responses related to peripheral hearing status, but indirect measures of hearing.

To predict hearing status in children 8 to 12 months of age, a multi-center longitudinal study compared the accuracy of click-evoked ABR, TEOAE, and DPOAE. The results indicated no significant differences between the three measures. [69] 

Typically, a single pass-refer criterion is chosen for a screening tool. Many studies and these programs assume a priori that all infants who passed the screen had normal hearing. To determine the true accuracy of neonatal tests, however, it is 
necessary to follow all infants evaluated during the neonatal period, regard-less of neonatal test outcome.[69] Because the true hearing status of those infants who pass the screening test
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is not known, true sensitivity cannot be calculated. Errors made among infants with normal hearing can be known because these false positives are evaluated with additional testing. The fact that the passes may include infants with hearing 
loss will have little or no influence on the true negative rate or specificity of the test because the vast majority of infants have normal hearing. However, the errors among ears with hearing loss (false negatives) cannot be known if only those 
infants failing the newborn hearing test are followed. This is because misses are not followed. Passing even a small number of babies with hearing loss can have a large effect on test sensitivity because of the small number of babies with 
hearing loss.

Although it is impossible for hospital-based UNHS programs to follow all children, the sensitivity and specificity of ABR, TEOAE, and DPOAE alone or in combination depends on the target degree of hearing loss, the test parameters, and 
responses criteria. For example, Hyde and others[42] reported ABR sensitivity of 0.98 and specificity equal to 0.96 if the target hearing loss is a 40 dB nHL average at 2 and 4 kHz. If the target degree of hearing loss is 30 dB nHL sensitivity 
and specificity were 1.00 and 0.91, respectively. Norton and others held specificity at 80% and determined sensitivity for TEOAE, DPOAE, and ABR alone and in combination for a target loss of 30 dB nHL. Sensitivity ranged from 0.80 to 
0.90. If those infants with known progressive hearing loss were excluded, sensitivity improved.[69] 

Because it is impossible for hospital-based screening UNHS programs to follow all infants screened regardless test outcome, it is important to remember that no test is perfect. Click-evoked ABR often misses hearing losses in which hearing 
is normal at some frequencies. For example, a baby with a low-frequency hearing loss with normal thresholds at 2000 Hz and above will pass an ABR screening. Likewise, a baby with a steeply sloping high-frequency hearing loss with 
normal hearing at lower frequencies may pass an ABR screen. High-frequency hearing losses are relatively common and may have significant affects on speech and language development.

OAE may miss inner hair cell and eighth cranial nerve hearing losses. OAE are generated by the outer hair cells and independent of neural status. Recently, there are concerns about auditory dysasynchrony,[85] defined as robust OAE and 
abnormal or absent ABR. This is an extremely heterogeneous population whose behavioral hearing status ranges from normal hearing to profound hearing loss. Good incidence data of this disorder in the neonatal population is scarce.



Physicians and parents must include regular monitoring of hearing, speech, and language milestones even for those infants who pass a newborn hearing screening test whether it is TEAOE, DPOAE, or ABR.

Common UNHS protocols include OAE before discharge followed by an outpatient OAE re screen for inpatient refers, OAE inpatient screen and ABR re screen, OAE and ABR inpatient screens, and ABR inpatient and ABR re screens. 
Outpatient re screens help minimize the number of infants referred for diagnostic audiological testing and hence costs. Persistent re screening is inappropriate. Infants should be referred for diagnostic follow-up after two failed screenings.

DIAGNOSIS AND TREATMENT OF HEARING LOSS IN INFANTS

History

Infants who fail hearing screenings should have a directed history to identify potential sources of hearing loss.[53] A careful family history for hearing loss, ocular abnormalities, congenital cardiac problems in first and second-degree relatives, 
as well as any associated syndromes is essential. Prenatal history for possible maternal infection (i.e., TORCH), gestational diabetes, and hypothyroidism can help direct the evaluation. Maternal use of alcohol should be sought, as fetal 
alcohol syndrome is associated with auditory dysfunction. Others maternal illnesses and social habits (i.e., drug use and smoking) should be sought. Risk factors for hearing loss in the perinatal period are well known and were discussed 
earlier in this chapter.[4] [46] 

Physical Exam

The majority of newborns with hearing loss do not have abnormal physical findings.[39] Despite this, a complete physical exam is essential. Presence of abnormal iris color, skin tags, anterior cervical neck pits, goiter, cleft palate, skull shape, 
abnormal numbers of digits, areas of hypo-pigmentation and caféau-lait spots are potential signs of a syndromic diagnosis. Such a diagnosis, like Wardenburg or Branchio-Oto-Renal syndrome, may explain hearing loss identified through 
infant hearing screening. In others these physical signs may prompt careful follow-up and imaging to identify progressive sensorineural hearing loss or conductive hearing loss, which might occur in neurofibromatisis or craniosynostosis. 
Pendred's syndrome may be associated with goiter development. Stickler syndrome has characteristic eye, and facial features, along with a cleft palate. Patients suspected of having possible Branchio-Oto-Renal syndrome need a renal 
ultrasound. Those patients identified with severe to profound sensorineural hearing loss and neurological and ocular abnormalities should have serial ophthalmologic evaluations to evaluate
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for retinitis pigmentosa. Electroretinography may uncover early forms of this abnormality allowing early identification of Usher syndrome. At this point the exact indications for this type of testing are unclear, but some recommend it in all 
cases of undetermined bilateral severe to profound sensorineural hearing loss.[63] 

Vestibular Function

When hearing loss is identified, careful attention to vestibular function is necessary.[74] A strong association exists between hearing loss and impaired vestibular function in infants and children. Neurologic and developmental milestones are 
important to record. Signs of peripheral vestibular dysfunction can occur when there is delayed motor development. Evaluation for the presence of nystagmus (i.e., spontaneous, head shaking) can be done in infants. When nystagmus is 
present, further testing may be warranted.

Otomicroscopy

Infants who fail hearing screening tests should have careful middle and external auditory canal examinations with the otomicroscope, as a problem with the middle and external auditory canals is the most common source of failed initial 
hearing screening.[15] This type of exam allows careful cleaning of the ear canal and identification of external auditory canal stenosis or atresia.[20] [37] Additionally, assessment of middle ear function may be possible with this method by assessing 
the thickness and character of the tympanic membrane, as well as its motion. In older children, tympanometry and pneumatic otoscopy by experienced examiners both measure middle ear status accurately, but in infancy (i.e., 0–6 months of 
age) both measures can miss detection of middle ear effusions.[22] 

Middle Ear Effusions

When persistent middle ear effusions are identified as a potential source of an abnormal hearing screening, observation is essential when there is no evidence of acute inflammation. The incidence of middle ear effusions in the first year of 
life is quite high and in infancy it is estimated to be as high 61%.[13] In our practice we usually wait 2 to 3 months for spontaneous resolution of the middle ear effusion. If there is persistence of the middle ear effusion after that time, an ABR is 
still performed to determine whether there is a response to sound. No clear guidelines for medical therapy have been developed for infants with persistent middle ear effusions. Oral steroid therapy can be given to clear the effusion, but in 
infancy the risks of this treatment must be weighed against its benefits.[12] If the child has acute otitis media, antibiotic therapy is necessary along with observation for effusion resolution. Tympanostomy tube insertion is done for persistent 
middle ear effusion. Usually the recommendations for treatment of persistent otitis media with effusion in children between 1 and 3 years of age as outlined in 1994 by the Agency for Health Care Policy and Research are utilized in young 
infants. [78] [90] However there are no outcomes studies to demonstrate the most effective therapy for middle ear effusions in children younger than 1 year of age.

Diagnostic Audiology

As mentioned earlier in this chapter, all infants not passing a newborn hearing screening should be referred for diagnostic audiology by 3 months of age. Diagnostic follow-up for infants referred from new-born hearing screening programs 
should include threshold frequency-specific ABR and OAE. Frequency-specific ABR thresholds have good agreement with behavioral thresholds[89] and can be used to fit appropriate amplification and guide intervention. Air and bone 
conduction should both be evaluated using tone-pip ABR. A significant air-bone gap in ABR thresholds is indicative of external or middle ear pathology just as in pure-tone audiometry. EOAE should always be obtained with ABR to rule out 
auditory neuropathy and other neural losses. Tympanometry using a probetone frequency of 1000 Hz or higher can provide information about middle ear status. In children younger than 4 months of corrected age, traditional tympanometry—
using a 226 Hz probe tone—is invalid because of the characteristics of the neonatal ear canal.[48] 

Visual Reinforcement Audiometry

Visual reinforcement audiometry (VRA) is a modification of standard audiometric testing, designed for infants who are unable to understand verbal instruction. In VRA, operant conditioning techniques are used to reward a natural orienting 
response of the infant by providing an enjoyable event to reinforce the likelihood of continued responses. An infant's natural response to sound is a head turn in the direction of the sound source. When that response is rewarded by the 



activation of a lighted, animated toy, the infant may continue to respond for a sufficient number of stimulus trials to obtain an audiogram.[98] 

VRA thresholds for infants as young as 6 months of age have been shown to be within 10 dB of adult hearing thresholds. VRA thresholds have been shown to be comparable to thresholds obtained by play audiometry in children of preschool 
age.[31] [32] [65] [91] Good agreement between VRA and tympanometry indicates that the method is sensitive enough to detect even slight threshold elevations, such as those because of middle
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ear effusion. VRA is not restricted to sound field testing. Numerous reports indicate that VRA testing can be done reliably under earphones. Infants born prematurely who have spent time in the NICU tend to perform better if testing is 
delayed until 6 to 8 months corrected age. By 12 months of age, infants have been shown to need fewer conditioning trials, be less variable in responses near threshold, and yield fewer false positive responses than infants who are 6 months 
of age; however, older infants tend to reject earphones more frequently than younger ones.[43] [65] [66] [91] 

ANICILLARY TESTING

Ancillary Laboratory Testing

No evidence shows that standardized batteries of laboratory tests in infants failing initial hearing screening are necessary or cost effective.[39] All testing in these infants should be directed by hearing testing results and patient age, history, and 
physical exam. These tests usually exclude specific etiologies of hearing loss, but on occasion can confirm a diagnosis. Routine blood chemistry and complete blood count are unhelpful in evaluating hearing loss in infancy. If there is a 
history of hematologic disease, such as thalassemia or sickle cell disease, screening can be performed for these disorders.[79] [84] Diseases with platelet abnormalities that usually occur later in life (i.e., Fechtner or Epstein Barr syndromes) can 
be discovered. Such diseases are associated with sensorineural hearing loss.[11] [51] Similarly, Alport's syndrome can be suspected when laboratory evidence for renal dysfunction is present with hearing loss. Autoimmune induced hearing loss 
can occur in children, but is not routinely suspected in infants. [22] Metabolic disorders, such as mucopolysaccharidoses, are associated with both conductive and SNHL and should be tested for when there is a family history of these diseases 
with hearing loss or physical features consistent with this diagnosis.[72] When there is a family history of syncopal episodes and hearing loss, an electrocardiogram should be obtained to determine if there is evidence of Jervel-Lange-Nielsen 
syndrome.

Guidelines for Genetic Testing

Genetic deafness in infancy is believed to be at least 50% genetic in origin with the remaining 50% being acquired or of unknown etiology.[58] Of this genetic deafness, 75% to 80% is autosomal recessive, 15% to 20% is autosomal dominant, 
and 1% to 2% is X-linked. A few patients acquire hearing loss through mitochondrial inheritance. Of note, newborn hearing screening does not identify progressive hearing loss, which does occur in preschool age children. It is estimated that 
15% to 20% of young children identified with SNHL have progressive hearing loss. When faced with a child with SNHL in infancy, chromosomal karyotyping is recommended with a maternal history of multiple miscarriages and an 
unrecognizable constellation of anomalies. Additionally, if there are any associated neurologic or cardiac defects, chromosomal karyotyping is essential. Rapid advances in molecular genetics ensure that many new diagnostic methods for 
detection of the genetic basis for hearing loss will become available by 2015.

Screening for Connexin 26 Mutation

In the late 1990s and early in the millennium, the autosomal recessive inheritance of hearing loss has been linked to mutations at GJB2.[16] [38] This gene encodes for connexin 26 and is believed to be responsible for up to half of all autosomal 
recessive congenital hearing loss. The 35DelG deletion is responsible for 70% of all connexin 26 mutations. The autosomal recessive nonsyndromic hearing loss mutations in connexin 26 is known as DFNB1 (prefix DFNB, signifies 
autosomal recessive hearing loss).[55] DFNB1 is associated with prelingual nonprogressive bilateral sensorineural hearing loss without evidence of temporal bone computed tomography (CT) anomalies or vestibular abnormalities. The hearing 
loss associated with this deletion can range from mild hearing loss to profound deafness. A great deal of interfamilial variation of hearing loss occurs in affected families. Since the 35DelG mutation involves a single base pair, screening tests 
for this deletion are available. It is estimated that the connexin 26 deletion is responsible for 50% of autosomal recessive sensorineural hearing loss.[101] However, within this family of connexins, 60 different allele variations exist and therefore 
the hearing loss may not always be simply a result of the 35DelG mutation.[52] When a child is born at homozygous for the 35DelG mutation, the chance of recurrence is 25%. The same chance of occurrence is present in a heterozygous 
patient. Siblings of affected individuals have a 66% chance of carrying the deletion, while having normal hearing.[75] Therefore when testing for the 35DelG mutation is performed genetic counseling should also be available.

Testing for Pendred's Syndrome

Genetic testing can be performed when Pendred's syndrome is suspected. [55] Pendred's syndrome represents 10% of syndromic hearing loss and is the most common type of syndromic hearing loss. It is associated with a dilated vestibular 
aqueduct on temporal CT scanning. Screening for mutations at SCL26A4 (DFNB4) are done in the research setting.[38] Thyroid function tests are usually normal, with the exception of thyroglobulin, which can be elevated. The
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perchlorate discharge test is nonspecific and difficult to perform in young children.

Temporal Bone Imaging

Non-contrast temporal bone CT scanning is the imaging test of choice for all children with SNHL. The timing of this test is debated and is beyond the scope of this chapter to discuss. It should definitely be performed at any age in all patients 
with progressive SNHL or craniofacial anomalies. These clinical signs are the best predictive factors for abnormalities within the temporal bone. [5] As mentioned earlier in this chapter, the dilated vestibular aqueduct (DVA) is associated with 
Pendred's syndrome.[35] A DVA is defined as an aqueduct diameter greater than 1.5 mm at its middle third or greater than 2.0 mm anywhere along its length. When a DVA is discovered, testing for Pendred's syndrome should be initiated along 
with serial audiologic examinations to detect progressive hearing loss. Mondini dysplasia reflects abnormal development of the cochlea and is associated with both Pendred's and Branchio-Oto-Renal syndromes. [14] Abnormalities of the 
semicircular canals are also seen on temporal bone imaging and are associated with coloboma, heart defects, atresia choanae, retardation of growth and development, genitourinary problems, and ear abnormalities (CHARGE) association.[67] 
Additionally, identification of internal auditory canal stenosis and possible eighth cranial nerve aplasia is associated with hereditary deafness. This is an X-linked form of deafness (DFN3) that is associated with conductive loss at birth, 
followed by SNHL at a later age. Magnetic resonance imaging (MRI) scanning is often done before cochlear implantation to assess patency of the cochlea. Additionally, accurate imaging of the seventh and e eighth cranial nerve complex 



may be necessary before consideration for cochlear implantation.[33] Functional MRI scanning may help us understand the exact nature of SNHL found in infancy.[71] [80] Additionally central auditory processing may be further understood with 
this modality.[40] 

Screening for Maternally Transmitted Infection

Other laboratory evaluations could include specific IgM testing for suspected intrauterine infection. IgM does not cross the placenta and, if present in the infant's blood, could suggest a congenital cytomegalovirus (CMV), syphilis, or rubella 
infection. Further testing to elucidate these potential sources of hearing loss would include cultures for the CMV virus in blood, urine, or saliva. Congenital CMV is a frequent cause of congenital infection that can have significant neurologic 
sequelae.[11] Hearing loss can be the only manifestation. [77] The virus persists in infected infants and can be detected in the first 3 months of life. When the infection is detected, early treatment may lessen the severity of neurologic sequelae. For 
congenital syphilis, the FTA-ABS test indicates intrauterine transmission of syphilis.[41] Congenital toxoplasmosis is present in 0.6% of newborns. Hearing loss is present in 10% to 15% of cases and is usually associated with other 
abnormalities (i.e., chorioretinitis, intracerebral calcification, and microcephaly). Early identification of the potential for this infection suggests that treatment may reduce the level of hearing impairment. Herpes simplex type two is usually 
transmitted via vaginal lesions at the time of delivery and is associated with a low incidence of hearing loss. On the other hand, herpes simplex type one is associated with hearing loss in transplacental transmission.[1] Detection of IgM 
antibodies to this virus raises this as a possible source of hearing loss. Congenital rubella can be detected through serology. Although the incidence of this has significantly decreased in recent times, it still is present, particularly in 
underdeveloped countries, and hearing loss is estimated to be the only stigmata of this infection in 50% of cases.[58] 

INTERVENTION STRATEGIES

Surgical Therapy for Conductive Hearing Loss

Newborns with conductive hearing loss most commonly have middle ear effusions. If there is a need to establish the actual hearing threshold, then tympanostomy tube insertion is necessary. Other types of surgery to correct conductive 
hearing loss are beyond the scope of this chapter and are not usually attempted in infancy.

Bone Conduction Amplification

Hearing aids should be considered for any child who demonstrates a permanent bilateral hearing loss—both conductive and sensorineural—exceeding 20 dB H between 1000 and 4000 Hz.[8] Even children with minimal hearing losses are at 
risk for experiencing educational difficulty. [81] [83] A bone conduction hearing aid is fit when a child is unable to wear air conduction hearing aids as a result of atresia, stenotic ear canals, or recurrent draining middle ears. Bone-anchored 
hearing aids are not approved by the U. S. Food and Drug Administration for children younger than 5 years of age, and we will not discuss them.

Amplification

Hearing aids should be fit as soon as possible after confirmation of a hearing loss. As infants are identified earlier as a result of UNHS, audiologists face many challenges in fitting hearing aids, including size of the head and ear canal, poor 
head control, behavior, and rapid growth. Children younger than 7 years of age should be fit with either behind the ear (BTE) hearing
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aids or bone conduction hearing aids.[8] Smaller styles of hearing aids, such as in the ear (ITE) and canal (CIC) aids, are inappropriate for infants and young children whose ear canals are constantly increasing in size. Increasing ear canal size 
means that new ear molds must be made frequently to ensure proper amplification. ITE and CIC hearing aids would require recasting, leaving the child without amplification during this process. Furthermore, ITE and CIC hearing aids pose a 
significant safety issue.

Hearing aid evaluation and selection involves determination of the appropriate circuitry and processing algorithm based on the child's degree, configuration, and type of hearing loss, plus the child's developmental needs and family resources. 
A selection and fitting technique designed for infants should be employed. The most widely used procedure involves measurement of the real-ear-to-coupler (RECD). [81] [82] [83] In addition, a technique such as the desired sensation level (DSL) 
method should be used to ensure audibility of the amplified speech regardless of input level or vocal effort.[2] [3] 

Infants, particularly those with hearing losses of 55 dB and above, should be fit with personal wireless FM systems to improve the speech-to-noise ratio. A receiver attaches to the child's hearing aid and the care giver wears a microphone and 
transmitter. Use of an FM system also reduce feedback problems often encountered with infants who have poor head control and mobility.

Regular follow-up appointments with the audiologist are critical for optimal fitting and usage of amplification devices for infants. Generally, infants are seen for follow-up appointments at least every 3 months during their first year. 
Earmolds may need to be remade even more frequently for some children. Other important considerations for children include tamper-resistant battery doors and controls, clips to secure the hearing aid to the child's clothing to prevent loss, 
listening tubes for parents, and extended warranties for loss and damage. Orientation for parents and other care givers should include care and use of the hearing aid and FM system including wearing schedules, insertion, removal, storage, 
cleaning, and basic troubleshooting.

Sound field-aided testing is often used to confirm audibility. Aided testing provides information about how a child uses the signal provided by the hearing aid. That is, RECD and DSL are used to select, fit, and verify proper hearing aid 
function and audibility while sound field testing provides information about how the child is using his or her hearing. Misleading information may be obtained in cases of severe to profound hearing loss, minimal hearing loss, or when non-
linear signal processing or digital noise reduction circuitry is used.[2] 

Cochlear implantation

It is beyond the scope of this chapter to discuss all aspects of cochlear implantation in children. When SNHL is identified and hearing aid amplification is applied with success, consideration for cochlear implantation is entertained. It is our 
practice to carefully evaluate each patient to establish candidacy for this procedure. As time has gone on, the indications for implantation have broadened and continue to be in a state of evolution. Several studies indicate that the younger 
children with severe to profound hearing loss receive a cochlear implant the better their auditory oral speech and language skills and the more likely they are to be mainstreamed with their age-appropriate hearing peers. The U.S. Food and 
Drug Administration has approved cochlear implants for infants with profound hearing loss at 12 months of age and at 18 months of age for those with severe hearing loss. Increasingly, infants younger than 12 months of age are receiving 
cochlear implants. The key component of all treatment is identification of the type and extent of the hearing loss. Once this has been established, appropriate rehabilitative measures can be initiated, which eventually may include cochlear 



implantation. Several temporal bone abnormalities that may preclude this intervention are cochlear ossification and vestibular nerve aplasia. EVA has been thought to be a contraindication for implantation in the past, but not currently. Post-
meningitic deafness is associated with cochlear ossification and early implantation is recommended by some to avoid the difficulties encountered when the cochlea is ossified. If the vestibular nerve is nonexistent implantation will not help.

Early Intervention

Hearing loss is primarily a communication problem limiting an infant's access to spoken language. Hearing loss happens to a family, not just a child. Providing the infant with full access to communication is the primary goal of early 
intervention. In addition to the use of assertive listening devices, parents learn to accommodate their baby's communication needs. The Individuals with Disabilities Education Act (IDEA) mandates early intervention services for children 0 to 
3 years of age. These programs are administered by individual states. Physicians should consult with their local lead agencies to learn more about the services in their home state. Services for infants with hearing loss and families are 
generally home based. There may be playgroups and parent groups, but IDEA specifies that the majority of services be delivered in natural environments (i.e., places where infants without disabilities are found). Because of the unique 
language and communication needs of deaf and hard of hearing
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(D/HOH) children, it is critical that services be provided by professionals with expertise in childhood hearing loss and early childhood education.

Historically, controversies in the education of D/HOH children have focused on communication methodology. Three broad categories exist: American Sign Language (ASL), simultaneous communication using spoken and signed English, 
and auditory-oral only. The history and nuances of this issue are beyond the scope of this chapter. Parents of children with hearing loss repeatedly stress that they want full unbiased access to information about their options, that they want to 
talk to other parents not just professionals, and that they are in charge of making decisions about their baby's communication needs.

 
 
REFERENCES  
 
1. al Muhaimeed H, Zakzouk SM: Hearing loss and herpes simplex, J Trop Pediatr 43:20, 1997.  
 
2. American Academy of Audiology: Pediatric amplification protocol, Reston, Virginia, 2002, American Academy of Audiology.  
 
3. Bagatto MP and others: Real-ear-to-coupler difference predictions as a function of age for two coupling procedures, J Am Acad Audiol 13:407, 2002.  
 
4. Bamiou DE and others: Etiological investigations of hearing loss in childhood: a review, Clin Otolaryngol 25:98, 2000.  
 
5. Bamiou DE, Phelps P, Sirimanna T: Temporal bone computed tomography findings in bilateral sensorineural hearing loss, Arch Dis Child 82:257, 2000.  
 
6. Barsky-Firkser L, Sun S: Universal newborn hearing screenings: a three-year experience, Pediatrics 99:E4, 1997.  
 
7. Bergman BM and others: Preliminary descriptions of transient-evoked and distortion-product otoacoustic emissions from graduates of an intensive care nursery, J Am Acad Audiol 6:150, 1995.  
 
8. Bess FH and others: Amplification for infants and children with hearing loss, Am J Audiol 5:53, 1996.  
 
9. Bidge HS: Education for the deaf, Washington, D.C., 1965, U.S. Government Printing Office.  
 
10. Bray P, Kemp D: An advanced cochlear echo technique suitable for infant screening, Br J Audiol 21:191, 1987.  
 
11. Brookhouser PE: Sensorineural hearing loss in children, Pediatr Clin North Am 43:1195, 1996.  
 
12. Butler CC, van Der Voort JH: Steroids for otitis media with effusion: a systematic review, Arch Pediatr Adolescent Med 155:641, 2001.  
 
13. Casselbrant ML and others: Otitis media with effusion in preschool children, Laryngoscope 95:428, 1985.  
 
14. Chen A and others: Phenotypic manifestations of branchiootorenal syndrome. Am J Med Genet 58:365, 1995.  
 
15. Cunningham M, Cox EO: Hearing assessment in infants and children: recommendations beyond neonatal screening, Pediatrics 111:436, 2003.  
 
16. Denoyelle F and others: Prelingual deafness: high prevalence of a 30delG mutation in the connexin 26 gene, Hum Mol Genet 6:2173, 1997.  
 
17. Dobie RA: Objective response detection, Ear Hear 14:31, 1993.  
 
18. Downs MP, Sterritt GM: A guide to newborn and infant hearing screening programs, Arch Otolaryngol 85:15, 1967.  
 
19. Downs MP: Report on the hearing screening of 17,000 neonates, Int J Audiol 4:69, 1969.  
 
20. Doyle KJ and others: Neonatal hearing screening with otoscopy, auditory brain stem response, and otoacoustic emissions, Otolaryngol Head Neck Surg 116:597, 1997.  
 



21. Early identification of hearing impairment in infants and young children. NIH Consens Statement 11:1, 1993.  
 
22. Engel J and others: Otoscopic findings in relation to tympanometry during infancy, Eur Arch Otorhinolaryngol 257:366, 2000.  
 
23. Finitzo T, Albright K, O'Neal J: The newborn with hearing loss: detection in the nursery, Pediatrics 102:1452, 1998.  
 
24. Galambos R, Despland PA: The auditory brainstem response (ABR) evaluates risk factors for hearing loss in the newborn, Pediatr Res 14:159, 1980.  
 
25. Galambos R, Hicks GE, Wilson MJ: Identification audiometry in neonates: reply to Simmons, Ear Hear 5:189, 1982.  
 
26. Galambos R, Hicks GE, Wilson MJ: The auditory brain stem response reliably predicts hearing loss in graduates of a tertiary intensive care nursery, Ear Hear 5:254, 1984.  
 
27. Gallaudet Research Institute: Demographic aspects of hearing impairment: data from the National Health Interview Survey, Series 10, No 188, 1994. http://gri.galladuet.edu/demographics/factsheet.htlm.  
 
28. Gorga MP and others: Auditory brainstem responses from children three months to three years of age: normal patterns of response, II, J Speech Hear Res 32:281, 1989.  
 
29. Gorga MP and others: Auditory brainstem responses from graduates of an intensive care nursery: normal patterns of response, J Speech Hear Res 30:311, 1987.  
 
30. Gorga MP and others: Identification of neonatal hearing impairment: distortion product otoacoustic emissions during the perinatal period, Ear Hear 21:400, 2000.  
 
31. Gravel JS, Traquina DN: Experience with the audiologic assessment of infants and toddlers, Int J Pediatr Otorhinolaryngol 23:59, 1992.  
 
32. Gravel JS: Auditory assessment in infants, Semin Hear 15:100, 1994.  
 
33. Gray RF and others: Cochlear implant failure due to unexpected absence of the eighth nerve—a cautionary tale, J Laryngol Otol 112:646, 1998.  
 
34. Harrison M, Roush J: Age of suspicion, identification, and intervention for infants and young children with hearing loss: a national study, Ear Hear 17:55, 1996.  
 
35. Heath KE and others: Nonmuscle myosin heavy chain IIA mutations define a spectrum of autosomal dominant macrothrombocytopenias: May-Hegglin anomaly and Fechtner, Sebastian, Epstein, and Alport-like syndromes, Am J Hum Genet 69:1033, 2001.  
 
36. Herrmann BS, Thornton AR, Joseph JM: Automated infant hearing screening using the ABR: development and validation, Am J Audiol 4:6, 1995.  
 
37. Ho V and others: Otoacoustic emissions and tympanometry screening among 0–5 year olds, Laryngoscope 112:513, 2002.  
 
38. Hone SW, Smith RJ: Genetics of hearing impairment, Semin Neonatol, 6:531, 2001.  
 
39. Hone SW, Smith RJ: Medical evaluation of pediatric hearing loss. Laboratory, radiographic, and genetic testing, Otolaryngol Clin North Am 35:751, 2002.  
 
40. Hugdahl K and others: The effects of attention on speech perception: an fMRI study, Brain Lang 85:37, 2003.  
 
41. Hughes GB, Rutherford I: Predictive value of serologic tests for syphilis in otology, Ann Otol Rhinol Laryngol 95:250, 1986.  
 
42. Hyde ML and others: Audiometric estimation error with the ABR in high risk infants, Acta Otolaryngol 111:212, 1991.  
 
43. Hyde ML, Riko K, Malizia K: Audiometric accuracy of the click ABR in infants at risk for hearing loss, J Am Acad Audiol 1:59, 1990. 

4396

 
 
44. Hyde ML, Sininger YS, Don M: Objective detection and analysis of auditory brainstem response for objective measures of hearing, Semin Hear 19:97, 1998.  
 
45. Joint Committee on Infant Hearing 1990 position statement, ASHA Suppl 5:3, 1991.  
 
46. Joint Committee on Infant Hearing 1994 Position Statement. American Academy of Pediatrics Joint Committee on Infant Hearing, Pediatrics 95:152, 1995.  
 
47. Joint Committee on Infant Hearing position statement 1982, Ear Hear 4:3, 1983.  
 
48. Keefe DH and others: Ear-canal impedance and reflection coefficient in human infants and adults, J Acoust Soc Am 94:2617, 1993.  
 
49. Kemp DT: The use of transient evoked otoacoustic emissions in neonatal hearing screening programs, Semin Hear 14:30, 1993.  
 
50. Kemp DT, Syan S: Otoacoustic emission tests in neonatal screening programmes. Acta Otolaryngol Suppl 482:73, 1991.  
 



51. Kemp DT: Stimulated acoustic emissions from within the human auditory system, J Acoust Soc Am 64:1386, 1978.  
 
52. Kenna MA and others: Connexin 26 studies in patients with sensorineural hearing loss, Arch Otolaryngol Head Neck Surg 127:1037, 2001.  
 
53. Kim, SY, Bothwell NE, Backous DD: The expanding role of the otolaryngologist in managing infants and children with hearing loss, Otolaryngol Clin North Am 35:699, 2002.  
 
54. Lafreniere D and others: Distortion-product and click-evoked otoacoustic emissions in healthy newborns, Arch Otolaryngol Head Neck Surg 117:1382, 1991.  
 
55. Lalwani AK, Castelein CM: Cracking the auditory genetic code: nonsyndromic hereditary hearing impairment, Am J Otol 20:115, 1999.  
 
56. Lonsbury-Martin BL, Whitehead ML, Martin GK: Clinical applications of otoacoustic emissions, J Speech Hear Res 34:964, 1991.  
 
57. Luetje CM, Berliner KI: Plasmapheresis in autoimmune inner ear disease: long-term follow-up, Am J Otol 18:572, 1997.  
 
58. Marres H: Congenital abnormalities of the inner ear. In Ludman H, Wright T, editors: Diseases of the ear, Bath, 1998, Arnold & Oxford University Press, pp 288–296.  
 
59. Martin GK, Probst R, Lonsbury-Martin BL: Otoacoustic emissions in human ears: normative findings, Ear Hear 11:106, 1990.  
 
60. Mauk GW and others: The effectiveness of screening programs based on high-risk characteristics in early identification of hearing impairment, Ear Hear 12:312, 1991.  
 
61. Mehl AL, Thomson V: Newborn hearing screening: the great omission, Pediatrics 101:E4, 1998.  
 
62. Mencher GT: Challenge of epidemiological research in the developing world: overview, Audiology 39:178, 2000.  
 
63. Mets MB and others: Early diagnosis of Usher syndrome in children, Trans Am Ophthalmol Soc 98:237, 2000.  
 
64. Moeller MP: Early intervention and language development in children who are deaf and hard of hearing, Pediatrics 106:E43, 2000.  
 
65. Moore JM, Thompson G, Folsom RC: Auditory responsiveness of premature infants utilizing visual reinforcement audiometry (VRA), Ear Hear 13:187, 1992.  
 
66. Moore JM, Wilson WR, Thompson G: Visual reinforcement of head-turn responses in infants under 12 months of age, J Speech Hear Disord 42:328, 1977.  
 
67. Morgan D and others: Ear-nose-throat abnormalities in the CHARGE association. Arch Otolaryngol Head Neck Surg 119:49, 1993.  
 
68. Norton SJ and others: Identification of neonatal hearing impairment: a multicenter investigation, Ear Hear 21:348, 2000.  
 
69. Norton SJ and others: Identification of neonatal hearing impairment: evaluation of transient evoked otoacoustic emission, distortion product otoacoustic emission, and auditory brain stem response test performance, Ear Hear 21:508, 2000.  
 
70. Norton SJ and others: Identification of neonatal hearing impairment: transient evoked otoacoustic emissions during the perinatal period, Ear Hear 21:425, 2000.  
 
71. Pappas DG Jr., Cure JK: Diagnostic imaging, Otolaryngol Clin North Am 35:1317, 2002.  
 
72. Papsin BC and others: Otologic and laryngologic manifestations of mucopolysaccharidoses after bone marrow transplantation, Otolaryngol Head Neck Surg 118:30, 1998.  
 
73. Phelps PD and others: Radiological malformations of the ear in Pendred syndrome, Clin Radiol 53:268, 1998.  
 
74. Phillips JO, Backous DD: Evaluation of vestibular function in young children, Otolaryngol Clin North Am 35:765, 2002.  
 
75. Prasad S and others: Genetic testing for hereditary hearing loss: connexin 26 (GJB2) allele variants and two novel deafness-causing mutations (R32C and 645–648delTAGA), Hum Mutat 16:502, 2000.  
 
76. Prieve BA, Stevens F: The New York State universal newborn hearing screening demonstration project: introduction and overview, Ear Hear 21:85, 2000.  
 
77. Rivera LB and others: Predictors of hearing loss in children with symptomatic congenital cytomegalovirus infection, Pediatrics 110:762, 2002.  
 
78. Rosenfeld RM, Bluestone C: Evidence based otitis media, Hamilton, Ontario, 1999, B.C. Decker Inc., pp 1–420.  
 
79. Savundra P: Management of sickle cell disease. Hearing loss may occur after sickle cell crises, especially in children, BMJ 316:935, 1998.  
 
80. Schmidt AM and others: Functional MR imaging of the auditory cortex with electrical stimulation of the promontory in 35 deaf patients before cochlea implantation, AJNR Am J Neuroradiol 24:201, 2003.  
 
81. Scollie SD, Seewald RC: Evaluation of electroacoustic test signals I: comparison with amplified speech, Ear Hear 23:477, 2002.  
 
82. Scollie SD, Steinberg MJ, Seewald RC: Evaluation of electroacoustic test signals II: development and cross-validation of correction factors, Ear Hear 23:488, 2002.  
 
83. Seewald RC and others: Predictive validity of a procedure for pediatric hearing instrument fitting, Am J Audiol 8:143, 1999.  



 
84. Sheikha A and others Otological manifestations of thalassanemia intermedia: evidence of temporal bone involvement and report of a unique cholesteatoma-like lesion, J Laryngol Otol 106:316, 1992.  
 
85. Sininger YS: Identification of auditory neuropathy in infants and children, Semin Hear 21:529, 2002.  
 
86. Sininger YS: Auditory brain stem response for objective measures of hearing, Ear Hear 14:23, 1993.  
 
87. Sininger YS and others: Identification of neonatal hearing impairment: auditory brain stem responses in the perinatal period, Ear Hear 21:383, 2000.  
 
88. Smurzynski J and others: Distortion-product and clickevoked otoacoustic emissions of preterm and full-term infants, Ear Hear 14:258, 1993.  
 
89. Stapellis DR: Frequency-specific evoked potential audiometry in infants. In A sound foundation through early amplification: proceedings of an international symposium, Switzerland, 1999, Phonak, AG. 

4397

 
 
90. Stool SE and others: Otitis media in young children: clinical practice guideline no. 12, Rockville, Maryland, Agency for Health Care Policy and Research, Public Health Service, U.S. Department of Health and Human Services, 1994.  
 
91. Talbott CB: A longitudinal study comparing responses of hearing-impaired infants to pure tones using visual reinforcement and play audiometry, Ear Hear 8:175, 1987.  
 
92. Toren A and others: Autosomal-dominant giant platelet syndromes: a hint of the same genetic defect as in Fechtner syndrome owing to a similar genetic linkage to chromosome 22q11–13, Blood 96:3447, 2000.  
 
93. U.S. Department of Health and Human Services, Health Resources and Services Administration, U.S. Preventative Task Force 1996: Screening for hearing impairment. In U.S. Preventative Services, Task Force guide to clinical preventative services, Baltimore, 1996, Williams and Wilkins, pp 393–405.  
 
94. U.S. Department of Health and Human Services: Healthy People 2010: National health promotion and disease prevention objectives, Washington, D.C., 1999, U.S. Public Health Service.  
 
95. Van Naarden K, Decouflé P, Caldwell K: Prevalence and characteristics of children with serious hearing impairment in metropolitan Atlanta, 1991–1993, Pediatrics 103:570, 1999.  
 
96. Vohr BR and others: The Rhode Island Hearing Assessment Program: experience with statewide hearing screening (1993–1996), J Pediatr 133:353, 1998.  
 
97. White KR: The current status of EHDI programs in the United States, Ment Retard Dev Disabil Res Rev 9:79, 2003.  
 
98. Widen JE and others: Identification of neonatal hearing impairment: hearing status at 8 to 12 months corrected age using a visual reinforcement audiometry protocol, Ear Hear 21:471, 2000.  
 
99. Year 2000 position statement: principles and guidelines for early hearing detection and intervention programs, Joint Committee on Infant Hearing, American Academy of Audiology, American Academy of Pediatrics, American Speech-Language-Hearing Association, and Directors of Speech and Hearing Programs in State Health and Welfare Agencies, Pediatrics 106:798, 2000.  
 
100. Yoshinaga-Itano C and others: Language of early- and later-identified children with hearing loss, Pediatrics 102:1161, 1998.  
 
101. Zelante L and others: Connexin26 mutations associated with the most common form of non-syndromic neurosensory autosomal recessive deafness (DFNB1) in Mediterraneans, Hum Mol Genet 6:1605, 1997.  
 

4398

Chapter 198 - CONGENITAL MALFORMATIONS OF THE INNER EAR

Robert K. Jackler 

INTRODUCTIION

Development of the inner ear begins early in embryogenesis. By the end of the eighth week, the membranous labyrinth has assumed its characteristic convoluted shape.[163] Gradual ossification of the otic capsule develops around the 
membranous labyrinth and is essentially complete by birth.[164] Maturation of the sensory epithelium occurs long after formation of the membranous labyrinth, during the late second and early third trimesters. By the 26th to 28th weeks of 
gestation, hair-cell and auditory neural development are largely complete. Thus the normal human fetus may be able to hear 2.5 to 3 months before birth.

Most inner ear malformations arise when formation of the membranous labyrinth is interrupted during the first trimester of pregnancy.[63] This interruption may be either a result of inborn genetic error or a consequence of a teratogenic 
exposure during the period of inner ear organogenesis between the fourth and eighth weeks of gestation. Genetic errors may be either dominant or recessive and may manifest as sensorineural hearing loss (SNHL) alone or be associated with 
any of a number of syndromes.[42] A partial list of syndromes associated with radiologically detectable inner ear malformation includes Pendred's, Usher's, Waardenburg's, Wildervanck's (cervico-oculoacoustic), branchiootorenal, and 
Alagille's.[48] [69] [112] [173] Nonsyndromic familial inner ear malformations have also been described.[23] [45] Teratogenic influences known to affect inner ear organogenesis include in utero viral infection (e.g., rubella, cytomegalovirus), chemical 
teratogens (e.g., thalidomide), and radiation exposure.[12] Abnormalities in otic capsule structure and deficiencies in the organ of Corti appear to arise as secondary effects of the earlier error in development of the membranous labyrinth. 
Derangement of the otic capsule ossification process alone does not appear to be a major mechanism in congenital hearing loss. Ossification of the labyrinthine lumen, however, is a common finding in early acquired deafness, typically 



arising as a consequence of meningitis.

Developmental damage to cochlear structure and function is not restricted to agents that cause gross structural malformations. Even in doses that are below those that would be ototoxic in adult species, aminoglycoside antibiotics 
administered in the animal equivalent of the human first trimester of pregnancy cause severe hearing loss in several species.[102] This time frame corresponds to the maturation of the outer hair cells and initiation of the cochlear potentials. 
Human studies also document this. In 35 of the infants delivered by 72 women who received streptomycin prophylaxis for tuberculosis during the first 4 months of pregnancy, auditory deficits ranging from minor high-frequency threshold 
elevations to severe bilateral SNHL were noted.[159] 

The risk is not restricted to the first trimester. Even at low doses, slighter hearing losses were seen when aminoglycoside antibiotics were administered during the human equivalent of the last two trimesters of pregnancy, which has obvious 
implications for use of these drugs in pregnant women and in premature infants who have not yet reached functional cochlear maturity.

Congenital anomalies of the inner ear may be considered in two broad categories: malformations with pathologic changes limited to the membranous labyrinth and malformations that involve both the osseous and membranous labyrinth. This 
division has been chosen because of its clinical relevance. Only patients with malformed otic capsules have abnormal inner ear radiographs and therefore may be diagnosed during life. By inference, children with congenital SNHL and 
radiographically normal inner ears may be assumed to possess anomalies limited to the membranous labyrinth or neural pathways. Although several types of membranous deformities have been described, their classification is not yet of 
clinical use
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because differentiation requires histopathologic examination. Among the deformities that affect the otic capsule, a variety of morphologic patterns may be recognized radiographically, and classification may have prognostic and even 
therapeutic importance.

INCIDENCE

It can be safely assumed that all children with congenital sensory hearing loss would have detectable abnormalities in their inner ears if they could be examined histologically. Because most children with profound bilateral SNHL have 
radiographically normal inner ears, it can be inferred that malformations limited to the membranous labyrinth predominate. The incidence of malformations reported varies depending on the hearing level of the study population, the 
sophistication of imaging used, and the definition of abnormality used by the observer. As a rule of thumb, approximately 20% of congenital SNHL will demonstrate inner ear malformation with today's imaging technology. Using 
polytomography, Jensen[66] studied 62 children enrolled in a school for the deaf and detected cochlear malformations in only 15%. By contrast, Unger and Shaffer[169] used polytomography to evaluate a series of 104 deaf students and found no 
cochlear anomalies that were clearly attributable to developmental arrest. In a series of 234 children who had SNHL of varying degrees of severity, Reilly[140] found cochlear anomalies in only 4% of those evaluated by high-resolution 
computed tomography (CT). With improvements in CT imaging technology and greater awareness of inner ear deformities, Antonelli found anomalies in 31% of 157 children with SNHL of varying degrees.[6] In another CT study, anomalies 
were found in 17% of 185 ears of children with SNHL and none in the ears of 309 children without SNHL.[87] 

The incidence of deformities of the semicircular canals (SCCs) and inner ear aqueducts has been less well studied than that of cochlear deformities. In a series of patients with radiographically detectable malformations of the inner ear, the 
cochlea were involved in 76%, the semicircular canals in 39%, and the vestibular aqueduct (VA) in 32% of ears.[63] These data total more than 100% because many cases demonstrate abnormalities of more than one portion of the inner ear. In 
recent years, a heightened awareness of VA enlargement, combined with the greater sensitivity of axial CT in demonstrating this deformity, has led to a substantial increase in its detection. The recent rapid accrual of cases by clinicians 
interested in inner ear malformations suggests that enlargement of the VA will ultimately prove to be the most common radiographically detectable inner ear anomaly.[69] 

Among deaf children with radiographically normal inner ears, pathologic studies indicate that cochleosaccular dysplasia (Scheibe's dysplasia) is by far the most common deformity.[150] Because of the paucity of pathologic specimens available 
for examination, it is impossible to estimate the relative frequency of the various membranous malformations.

CLASSIFICATION

The traditional nomenclature used to describe congenital anomalies of the inner ear involves a confusing array of eponyms that stem from the first reports of the various morphologic patterns, usually by 18th or 19th century authors. In this 
chapter, a descriptive classification system is used along with the traditional eponyms in an attempt to make this topic more logical, easier to learn, and more clinically relevant ( Box 198-1 ). In membranous malformations, this classification 
is based on histopathologic changes in the inner ear; in combined osseous-membranous deformities, radiographic appearance is used to distinguish among the various entities.[63] Correct use of the terminology used in pathoembryology is 
important because these terms are frequently applied imprecisely in the earlier literature. Key terms are aplasia (complete lack of development), hypoplasia (incomplete development),
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and dysplasia (aberration in development). In this chapter the classification scheme proposed by the author in 1987 is used as it has proven to be of practical clinical use and has been employed in most published studies in recent years. Other 
classification schema that categorize observed anomalies have been proposed.[184] 

 
 



Box 198-1. CLASSIFICATION OF CONGENITAL INNER EAR MALFORMATIONS

Malformations limited to the membranous labyrinth 
 
Complete membranous labyrinthine dysplasia (Siebenmann-Bing) 
 
Limited membranous labyrinthine dysplasia 
 
Cochleosaccular dysplasia (Scheibe) 
 
Cochlear basal turn dysplasia 
 
Malformations of the osseous and membranous labyrinth 
 
Complete labyrinthine aplasia (Michel) 
 
Cochlear anomalies 
 
Cochlear aplasia 
 
Cochlear hypoplasia 
 
Incomplete partition (Mondini) 
 
Common cavity 
 
Labyrinthine anomalies 
 
Semicircular canal dysplasia 
 
Semicircular canal aplasia 
 
Aqueductal anomalies 
 
Enlargement of the vestibular aqueduct 
 
Enlargement of the cochlear aqueduct 
 
Internal auditory canal anomalies 
 
Narrow internal auditory canal 
 
Wide internal auditory canal 
 
Eighth nerve anomalies 
 
Hypoplasia 
 
Aplasia 
 

 
 
MALFORMATIONS LIMITED TO THE MEMBRANOUS LABYRINTH

In malformations limited to the membranous labyrinth, which account for more than 90% of congenital deafness, the bony labyrinth is normal.[3] [79] [111] [154] In its most severe form, membranous dysplasia involves the entire labyrinth, including 
the cochlea, SCCs, utricle, and saccule. Membranous labyrinthine dysplasia may also be limited, involving only a portion of the inner ear.

Complete Membranous Labyrinthine Dysplasia (Bing-Siebenmann)

Complete membranous labyrinthine dysplasia was first described by Siebenmann and Bing,[156] and is extremely rare. It has been reported in association with cardioauditory (Jervell and Lange-Nielsen) and Usher syndromes.[35] 

Limited Membranous Labyrinthine Dysplasia



Cochleosaccular Dysplasia (Scheibe)

Incomplete development of the pars inferior is the most frequent histopathologic finding in congenital deafness. It was first described by Scheibe [146] and is commonly known as cochleosaccular dysplasia. The spectrum of its pathologic 
findings in this anomaly, which is confined to the cochlea and the saccule, has been well described.[13] [14] [36] [106] [111] The organ of Corti is either partially or completely missing. The cochlear duct is usually collapsed, with Reissner's membrane 
adherent to the limbus. Less commonly, the duct is distended, presumably as a result of endolymphatic hydrops. The stria vascularis is typically degenerated and may contain colloidal inclusions. Schuknecht[158] described characteristic strial 
changes consisting of aplasia alternating with regions of hyperplasia and gross deformity. Cochlear changes may be severe in the base turn and gradually lessen in intensity toward the apex, or they may be severe throughout. The saccule is 
usually collapsed and has degenerated sensory epithelium. In cochleosaccular dysplasia, the SCCs and utricle are normal. Auditory neuronal survival is variable but may remain normal into adulthood, at least in some cases. Cochleosaccular 
dysplasia has also been demonstrated in a number of animal species, including the deaf white cat, Dalmatian dogs, and various mouse mutants.[161] 

Cochlear Basal Turn Dysplasia

Dysplasia limited to the basal turn of the cochlea may be related to familial high-frequency SNHL. No description of membranous labyrinthine dysplasia limited to the pars superior was found in an extensive review of the literature. This 
outcome is not surprising as such individuals are probably minimally symptomatic. They would have normal hearing and presumably would have compensated for their congenital vestibular deficit.

MALFORMATIONS OF THE MEMBRANOUS AND OSSEOUS LABYRINTH

Congenital anomalies of the inner ear that deform the otic capsule are of special interest to the clinician because they may be recognized and differentiated during life through radiographic imaging. As discussed previously in this chapter, 
only about 20% of congenitally deaf individuals demonstrate radiographically anomalous inner ears. The clinical manifestations and natural history of these deformities are highly variable. Although some individuals are deaf from birth, 
most maintain some residual hearing into adulthood. Slowly progressive deterioration of hearing during childhood, with eventual stabilization, is common. Sudden decrements in hearing are frequent and may appear to be spontaneous or may 
be triggered by head trauma, even minor in nature. Presumably, most of these cases are secondary to either internal fistulization secondary to membrane rupture within the cochlea with admixture of perilymph and endolymph or external 
fistulization to the middle ear. Fluctuant hearing loss is unusual in these patients, and endolymphatic hydrops is an atypical finding. In some patients, hearing may be best preserved in very high frequencies (>8000 Hz), which are not 
measured by conventional audiometry.[33] Residual ultra-audiometric hearing should be suspected in hearing-impaired children who manifest substantially better auditory function than would be predicted by pure tone results in the speech 
frequencies.[15] Occasionally, malformation of the inner ears may be associated with normal hearing.[74] [93] Vestibular symptoms, which are occasionally severe, are present in about 20% of patients.[63] Retardation of motor development has been 
documented in some children with malformed inner ears, particularly those with absent semicircular canals.[167] A few patients experience vertigo when exposed to loud sounds, the so-called "Tullio phenomenon."[76] 

A wide variety of morphologic patterns of inner ear malformation has been observed radiographically and may involve the cochlea, SCCs, or vestibular aqueduct ( Figure 198-1 ). * Similar diversity has been observed on histologic analysis. † 

The majority of

*References [28] [63] [82] [99] [110] [127] [132] . 
†References [68] [79] [98] [117] [145] [151] . 
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Figure 198-1 Cochlear malformations as seen on coronal computed tomography. (From Jackler RK, Luxford WM, House WF: Laryngoscope Suppl 97:2, 1987.) 



 

Figure 198-2 Embryogenesis of cochlear malformations. (From Jackler RK, Luxford WM, House WF: Laryngoscope Suppl 97:2, 1987.) 

 

TABLE 198-1 -- RELATIVE INCIDENCE OF COCHLEAR MALFORMATIONS

Malformation Incidence (%)

Incomplete partition (Mondini) 55

Common cavity 26

Cochlear hypoplasia 15

Cochlear aplasia 3

Complete labyrinthine aplasia (Michel) 1

From Jackler RK, Luxford WM, House WF: Congenital malformations of the inner ear: a classification based on embryogenesis, Laryngoscope Suppl 97:2, 1987.
 
first described by Michel.[88] This malformation is exceedingly rare. Presumably, a developmental arrest occurs before the formation of an otic vesicle, resulting in a complete absence of inner ear structures. Complete labyrinthine aplasia has 
been reported in association with anencephaly and thalidomide exposure.[70] [79] An association with external ear abnormalities also has been reported.[51] A purported literature case of Michel's aplasia actually described a cystic inner ear of the 
common cavity type.[72] This is but one example of the inaccurate use of traditional eponyms—frequent occurrence in the literature. The incidence of complete labyrinthine aplasia is overestimated in the radiographic literature because it is 
confused with labyrinthine ossification. In the latter condition, which is usually acquired during life, a sizable and dense otic capsule is present radiographically. In complete labyrinthine aplasia, the otic capsule is entirely absent ( Figure 198-
3 , Figure 198-4 , and Figure 198-5 ).[85] Such ears are of course uniformly deaf.

 
Figure 198-3 A, Radiographically normal inner ear on axial and B, coronal high-resolution computed tomography. Note that the normal cochlea appears to have only 1.5 turns on coronal scans as a result of the oblique angle of section in 
relation to the axial scans of the modiolus. 



 

Figure 198-4 Axial, high-resolution T2-weighted image (fast spin-echo) of a normal inner ear at the level of the mid- and apical cochlea and lateral semicircular canal. Note the internal detail of the cochlea, which includes visualization of 
the scalar partitions and the modiolus. The seventh and eighth cranial nerves can be seen in the internal auditory canal outlined by cerebrospinal fluid. 

 

Figure 198-5 Complete labyrinthine aplasia as seen on an A, axial and B, coronal computed tomography. Note the presence of an ear canal and middle ear but complete absence of the otic capsule. (Courtesy of Joel Swartz, M.D.) 



 

Figure 198-6 A, Cochlear hypoplasia as seen on axial and B, coronal computed tomography. The cochlea consists only of a small bud off of the vestibule. 

 

Figure 198-7 A, Incomplete partition as seen on axial and B, coronal computed tomography. Note the absence of an interscalar septum, which is most evident on the coronal scan. 

 

Figure 198-8 High-resolution T2-weighted image (fast-spinecho) of an incomplete partition deformity. Note the absence of intracochlear septation. 



 

Figure 198-9 A, Photomicrograph of a malformed cochlea with the typical features of Mondini's dysplasia. The cochlea has 1.5 turns and an apical scala communis. B, Midmodiolar section through a normal cochlea for comparison. (From 
Monsell EM and others: Laryngoscope Suppl 97:18, 1987.) 

 

Figure 198-10 Semicircular canal malformations. (From Jackler RK, Luxford WM, House WF: Laryngoscope Suppl 97:2, 1987.) 



 

Figure 198-11 A, Lateral semicircular canal dysplasia as seen on axial computed tomography. The normal appearance should be contrasted with B, mild, and C, severe dysplasia. These images illustrate how semicircular canal dysplasia may 
arise from a failure of adhesion of the central region of the vestibular evagination during development. (From Jackler RK, Luxford WM, House WF: Laryngoscope Suppl 97:2, 1987.) 

 

Figure 198-12 Lateral semicircular canal dysplasia (arrow) as seen on coronal computed tomography. Note that the canal appears short, broad, and confluent with the vestibule. 



 

Figure 198-13 Bilateral enlargement of the vestibular aqueducts (arrows) as seen on axial computed tomography. 
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Figure 198-14 A comparison between A, axial computed tomography and B, magnetic responance imaging (MRI) (T2 -weighted image, fast-spin echo) of a large vestibular aqueduct deformity. Note that only the MRI delineates the extent of 
the enormously enlarged endolymphatic sac (arrows). (Courtesy of Joel Swartz, M.D.) 



 

Figure 198-15 Axial computed tomography demonstrating a normal cochlear aqueduct bilaterally (arrows). The external aperture typically lies inferior to the internal auditory canal and just above the jugular bulb (J). 

 

Figure 198-16 Illustration of the cochlear aqueduct in the axial plane. The diameter of the medial orifice is highly variable but is often wide (as depicted here) in normal-hearing individuals. By contrast, the otic capsule portion is typically 
very narrow in both healthy and congenitally deaf individuals. (From Jackler RK, Hwang PH: Enlargement of the cochlear aqueduct: fact or fiction? Otolaryngol Head Neck Surg 109:14, 1993.) 

 

Figure 198-17 Axial computed tomography of a bulbous internal auditory canal (IAC). Note the minimal separation between the lateral end of the IAC from the vestibule (arrows). Such an ear may be prone to spontaneous cerebrospinal 
fluid leakage and to gusher during stapes surgery. 



 

Figure 198-18 A pathologically narrow internal auditory canal (IAC) as seen on axial computed tomography (arrows). When the IAC is less than 3 mm in diameter, incomplete auditory nerve development is probable. 

 

Figure 198-19 Dilated labyrinthine section of the fallopian canal associated with cochlear hypoplasia. This may serve as a conduit for CSF leakage. 

 

Figure 198-20 Axial computed tomography of an abnormal interconnection between the lateral end of the internal auditory canal and the cochlea. Note the absence of the modiolus (arrows) and the large vestibular aqueduct (VA). 

 

Figure 198-21 Axial computed tomography of an abnormal interconnection between the lateral end of the internal auditory canal (IAC) and a dysplastic vestibular system. Note the junction between the IAC and the dilated vestibule (arrows). 



 

Figure 198-22 Illustration of a dural hernia protruding through the oval window in a child with cochlear hypoplasia, chronic cerebrospinal fluid leakage, and recurrent meningitis. (From Herther C, Schindler RA: Laryngoscope 95:655, 
1985.) 

 
†References [11] [52] [81] [108] [120] [121] [136] . 

4413

undergo CT of the inner ear to exclude inner ear malformation.[30] Even children with a single episode of meningitis should have a postrecovery audiogram followed by CT if unilateral or bilateral SNHL is discovered. The causative organisms 
in a review of 24 reported cases have been Streptococcus pneumoniae (71%), Haemophilus influenzae (33%), and β-hemolytic streptococcus (8%). The totals exceed 100% because of the incidence of polymicrobial infection.

Surgical closure of transotic CSF leakage may be attempted at four anatomic levels: (1) the posterior cranial fossa; (2) the dysplastic inner ear; (3) the middle ear windows; and (4) the eustachian tube. In an ear with residual hearing, 
tympanotomy and overlay grafting of the site of leakage with a connective tissue graft is indicated as a first attempt. Unfortunately, recurrent leakage is common. When this technique fails and a useful amount of hearing persists, posterior 
fossa craniotomy with placement of a muscle plug in the IAC or connective tissue graft over the fistulous tract may prove successful and spare hearing.[121] When the hearing is poor, a direct approach to the dysplastic inner ear is indicated. 
After tympanotomy and removal of the footplate, an oversized piece of muscle may be used to obliterate the vestibule.[35] [136] [150] [162] If the anatomy is unfavorable for this maneuver, a postauricular translabyrinthine approach to the IAC should 
prove effective. Farrior and Endicott[32] proposed a hypotympanic approach to ablation of the CA. However, this aqueduct has never been convincingly demonstrated to cause a high-volume CSF leak. The final option, closure of the 
eustachian tube, is not a good choice for children. After this procedure, the anomalous CSF pathway is still open to the middle ear—a disadvantageous situation at an age when acute otitis media is common. Subsequent to the repair of any 
CSF leakage, the patient is placed on bed rest with the head elevated 30% for several days. Acetazolamide (Diamox) is administered to reduce CSF production and fluids are restricted. Placement of a lumbar drain is a useful adjunctive 
measure, although it may be difficult to insert and maintain in young children.[16] 

X-Linked Stapes Gusher Syndrome

A form of hereditary mixed conductive and sensory hearing loss associated with CSF gusher during stapes surgery has recently been described.[26] Inherited hearing loss follows an X-linked pattern.[133] The characteristic inner ear deformity 
may be seen radiographically.[124] [166] On CT, the cochlear modiolus is deficient and the lateral portion of the IAC is often bulbous (see Figure 198-20 ). These observations provide strong evidence that the abnormal interconnection between the 
subarachnoid space and the inner ear is via the lateral terminus of the IAC. The labyrinthine segment of the fallopian canal may be dilated. In the vestibular system, the posterior semicircular canal is often deformed and the VA may be 
enlarged.

The occurrence of stapes fixation in X-linked gusher syndrome is questionable. It has been proposed that the observed air-bone gap may be accounted for by alteration in cochlear micromechanics rather than dysfunction of the conducting 
system.[160] Results of acoustic reflex testing and auditory evoked responses are more consistent with a pure sensory hearing loss than a mixed form. The outcome of stapes surgery in these patients is usually poor, with anacusis in the operated 
ear a frequent result. When contemplating surgery for a congenital conductive hearing loss, preoperative imaging is advisable to screen for inner ear malformation.

PERILYMPHATIC FISTULA

In contrast to CSF leakage, a perilymphatic fistula requires only one abnormal pathway: an interconnection of the inner ear with the tympanic cavity. In all probability, perilymph fistula and CSF leak are part of a spectrum of related 
disturbances of inner ear fluid homeostasis. Although separation of the two topics may be artificial pathophysiologically, it can be justified by the different clinical settings of the two problems. With CSF leakage, the cardinal clinical issues 
are gross fluid leakage and recurrent meningitis; with perilymph fistulization, sudden or progressive hearing loss and vertigo are the primary manifestations.

Much controversy surrounds the diagnosis and management of perilymphatic fistula in children. The candidate group for exploratory tympanotomy is children with progressive or sudden SNHL. CT of the inner ear may demonstrate pneumo 



labyrinth, although this is rare ( Figure 198-23 ). Conservative surgeons have advocated exploring only children with radiographically abnormal inner ears who have a clear antecedent event of head trauma or barometric pressure change.[119] 
Others have espoused the notion of exploring all children with unexplained SNHL.[122] [140] [165] Great variability exists in the number of fistulas "confirmed" at surgery. Pappas and others[119] found only 4 fistulas in 36 ears (11%) explored for 
progressive SNHL during childhood. It is important to note that 50% of these ears had radiographically malformed inner ears. By contrast, Parnes and McCabe[122] found fistulas in 20 of 26 children's ears (77%), only 6 of whom had inner ear 
anomalies radiographically. A high incidence of fistulae among children with sensory hearing loss (64%), both with and without inner ear malformation, has been reported.[177] [178] Furthermore, this group claims to have objective verification of 
the presence of perilymph
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Figure 198-23 Air bubbles in the inner ear (pneumo labyrinth) in a congenitally deaf child with a perilymphatic fistula. 

 

Figure 198-24 Axial computed tomography demonstrating a cochlear deformity (incomplete partition) as well as dysplasia of the lateral semicircular canal. Many congenitally malformed inner ears have abnormalities of more than one 
portion of the inner ear. 
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Chapter 199a - RECONSTRUCTION SURGERY OF THE EAR: MICROTIA RECONSTRUCTION

Craig S. Murakami 
Vito C. Quatela 

INTRODUCTION

Microtia occurs in approximately 0.03% (1 in 10,000–20,000) of live births, and it is estimated that half of these patients have associated congenital syndromes.[15] [16] [18] [20] Certain populations, such as the Navaho Indians and the Japanese, may 
have higher incidences of microtia.[1] Microtia deformities appear to have a right-ear preponderance and affect boys more often than girls at roughly a 2.5:1 ratio. Unilateral cases outnumber bilateral cases by a 4:1 ratio.[18] Despite this 
relatively low incidence, microtia is one of the more common congenital malformations presented to otolaryngologists. Auricular reconstruction of the microtia deformity is a complex and labor-intensive process that requires a great deal of 
preoperative planning and preparation. This chapter reviews some of the nuances of microtia reconstruction. A discussion of auricular atresia is presented elsewhere within this chapter.

EMBRYOLOGY

The internal ear begins as the otic placode at approximately the third week of gestation, and it then forms into the otic pit and otic cyst. The external ear begins to form at the fifth week of gestation. The auricle begins as six small buds of 
mesenchyme (classically called the auricular hillocks of His) surrounding the dorsal end of the first pharyngeal cleft. [11] [12] [21] [25] On either side of the first pharyngeal cleft are the first (mandibular) and second (hyoid) pharyngeal arches. 
Hillocks 1 through 3 arise from the first pharyngeal arch, and hillocks 3 through 6 arise from the second pharyngeal arch. Conventional teaching is that the first hillock forms the tragus, the second and third form the helix, the fourth and fifth 



form the antihelix, and the sixth forms the antitragus. The majority of the central ear is derived from hillocks 4 and 5, and the lobule appears to be one of the last parts of the ear to develop ( Figure 199A-1 ). It has been estimated that the 
hyoid arch forms about 85% of the auricle.[18] The exact embryology of each of these hillocks remains unclear, although it is apparent that they are not six independent anlagen. The position of the auricular complex begins at the anterior neck 
region, but, as the mandible develops during gestational weeks 8 through 12, the auricular complex moves dorsal and cephalad. The etiology of most microtias remains unknown, although the inciting event that arrests development of the ear 
must occur during the first trimester, between the 4th and 12th weeks, and it may be related to abnormal neural crest cell migration.

Known teratogens, such as isotretinoin (Accutane, Roche; Nutley, NJ), can produce forms of microtia in conjunction with limb anomalies. Thalidomide is another teratogen that is associated with anomalies of the first and second branchial 
arches.[28] Microtia is associated with other anomalies 50% of the time and is also found in a number of well-known congenital syndromes such as Treacher Collins syndrome, which has an autosomal dominant inheritance, and in other facial 
syndromes that fall under the broad classification of the facioauriculovertebral spectrum. Within the facioauriculovertebral spectrum are malformations and syndromes that affect the first and second branchial-arch derivatives, such as 
Goldenhar's syndrome (preauricular nodes, epibulbar dermoids, mandibular hypoplasia), hemifacial microsomia,[3] and oculoauricular vertebral dysplasia (microtia, cervical spine anomalies, and epibulbar dermoids).[9] [14] It may be that 
Goldenhar's syndrome, hemifacial microsomia, oculoauriculovertebral dysplasia, and microtia are simply variants of the same entity.[16] 

EAR ANATOMY

To understand the nature and extent of microtic ear deformities, the anatomic contour of the normal
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Figure 199a-1 Embryonic development. The ear develops from six hillocks of His. Hillocks 1 through 3 are from the first branchial arch, and hillocks 4 to 6 are from the second branchial arch. Hillock 1 forms the tragus, hillock 2 forms the 
root of the helix, and hillock 6 forms the antitragus. Hillocks 2 through 5 appear to form the helix and antihelix. 

 

Figure 199a-2 Normal anatomic landmarks. 

 

Figure 199a-3 Type I microtia. A constricted ear with minimal tissue deficiency. 



 

Figure 199a-4a Type II microtia. A, A patient with type II microtia demonstrating a slight deformity with a small helix and missing antihelix. This patient also demonstrated canal stenosis. 

 

Figure 199a-4b B, More extensive loss of the helix and antihelix, with a relatively normal canal and conchal cavum. C, A patient with loss of the superior crus of the antihelix and a constricted helix. 

 

Figure 199a-5a Type III microtia. A and B, Ears with moderate deformity and a few remaining visible landmarks of the helix. 



 

Figure 199a-5b C, There are no recognizable landmarks of the auricle or canal, but the lobule is preserved. 

 

Figure 199a-6 Basic carving instruments for microtia reconstruction. From left to right: a V-shaped gouge; No. 6 metal X-ACTO knife handle; assorted gouges, including •-inch and 3/32-inch gouges; and assorted scalpels, including Nos. 
10, 11, and 15. 

 

Figure 199a-7 Templates. The positioning template, which is drawn with reference landmarks, is used to create the sizing and carving templates. The sizing template is drawn to match the exact size of the normal ear. The carving template is 
slightly smaller than the sizing template to compensate for the thickness of the skin flap. 



 

Figure 199a-8 The donor site. A through C, The contralateral chest is chosen for the donor site. The sixth, seventh, and eighth ribs and the synchondrosis between the sixth and seventh ribs are depicted. The donor sites of the auricular 
framework and the helical rim are indicated. 

 

Figure 199a-9 Construction of the implant. A, The framework is carved from the sixth and seventh ribs. The helix is carved from the eighth rib and gently bent around the framework. B, The helix is secured with 4-0 clear nylon or wire. C, 
The implant is compared with the template. 



 

Figure 199a-10 Placement of the implant. The implant is placed into the pocket and positioned using the positioning template. One drain is placed over the surface of the implant as one is placed deep to the implant. The drains are then 
placed on suction. Note the contouring of the skin over the cartilaginous framework, with the drain traversing over the antihelix and into the scaphoid fossa. 

 

Figure 199a-11a Stage II lobule transfer. A, Preoperatively, the lobule is noted to be malpositioned anteriorly. Redundant skin is noted over the antihelix despite previous removal of the rudimentary cartilage during stage I. B, The redundant 
skin is removed, and the lobule is transposed over the posteroinferior margin of the graft. 



 

Figure 199a-11b C, One month after stage II. 

 

Figure 199a-12a Stage III skin grafting. A, Before the procedure. B, Release of the skin, leaving the perichondrium intact. 

 

Figure 199a-12b C, Dissection into the postauricular sulcus and advancement of the postauricular skin. D, Skin graft secured with a soft bolster. E and F, 2 months after the procedure. 



 

Figure 199a-13 Stage-IV tragus reconstruction. A, In bilateral microtia, tragal reconstruction is more difficult, because both ears are reconstructed, thus normal concha cymba is not available for composite grafting. A longer flap must be 
elevated to provide both medial and lateral tragal lining. B, A free cartilage graft is placed to prevent contraction and is lined by the skin flap. C, The conchal bowl is deepened and lined with a skin graft. (From Quatela VC, Goldman ND: 
Microtia repair, Fac Plast Surg 11:257, 1995. Used with permission.) 



 

Figure 199a-14a Atypical microtia reconstruction. A, A congenital defect of the ear with more than 20 mm of vertical height as compared with the contralateral healthy ear. B, The donor site composite graft is harvested to equal one half the 
size of the recipient defect, thereby reducing the disparity. The donor site is closed primarily, with the only resultant deformity being shortened vertical height, which is desirable in this patient's ear. C, The donor ear is shortened by 1 cm but 
retains good form. D, The composite graft. E, The composite graft sutured into position; vertical height is increased by approximately 1 cm. 

 

Figure 199a-14b F, Epithelium is removed from the medial aspect of the composite graft, and the graft placed into a postauricular subcutaneous pocket. The medial skin is still attached at the rim as a hinge flap. The medial perichondrium is 
in contact with the retroauricular soft tissue; this will ensure maximum recipient contact for graft survival. Release is accomplished 2 weeks later, using the hinge flap skin for medial resurfacing. G, Before surgery. H, The final result at 1 
year. 

 

Figure 199a-15a A and B, Type II atypical microtia with a missing lobule and a dysmorphic helix and antihelix. 



 

Figure 199a-15b C through E, Two-stage reconstruction required placement of a conchal cartilage graft followed by delayed release of the lobule, advancement of postauricular skin, and placement of a full-thickness skin graft that was 
secured with a bolster dressing. F, Final postoperative result at 1 year. 
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Chapter 199b - RECONSTRUCTION SURGERY OF THE EAR: AUDITORY CANAL AND TYMPANUM

Antonio De la Cruz 
Marlan R. Hansen 

INTRODUCTION



Congential aural atresia (CAA) represents aplasia or hypoplasia of the external auditory canal (EAC) resulting from failed or aborted development and is often associated with other malformations of the temporal bone including external, 
middle, and inner ear deformities. CAA is unilateral more often than bilateral (3:1), preferentially affects males and the right side, and occurs in 1 in 10,000 to 20,000 live births.[7] Bony atresia occurs more frequently than membranous 
atresia. Fusion of the malleus and incus is the most common associated middle ear deformity, while the stapes footplate is usually normal because of its dual embryonic origin. Microtia is common in patients with CAA, and generally the 
severity of the external deformity correlates with the degree of middle ear deformity. [14] As opposed to middle ear malformations, the incidence of inner ear abnormalities in patients with CAA is relatively low, reflecting the earlier and 
independent embryonic development of the inner ear. The facial nerve typically lies in a normal position but may be displaced anteriorly and laterally in the vertical segment. Atresiaplasty aims to create a patent, skinlined EAC and to 
achieve a postoperative air-bone gap within 20 to 30 dB. Surgical success depends on the appropriate selection of surgical candidates and on proficient application of all modern tympanoplasty techniques including meatoplasty, canaloplasty, 
tympanic membrane grafting, and ossicular reconstruction.

EMBRYOLOGY

Knowledge of normal ear development aids understanding of the potential combinations of malformations possible in ears with CAA. This understanding helps physicians select appropriate surgical candidates and avoid complications during 
surgery. Since the inner, middle, and external ear develop independently, deformity of one does not necessitate deformity of another. Fortunately, inner ear structure and function are usually normal in ears with outer and middle ear 
abnormalities. [15] 

The external auditory meatus develops from the first branchial groove. During the second month, a solid core of epithelium extends inward from the primary meatus to the primitive tympanic cavity forming the meatal plate.[2] [18] During the 
21st week, this core resorbs and canalizes, forming the precursor to the EAC. Failed resorption and canalization account for most cases of CAA. Subsequent posterior and inferior development carries the middle ear and facial nerve to their 
normal locations. By the end of the third gestational month, the primitive auricle forms from six hillocks derived from the first and second branchial arches.

The eustachian tube, tympanic cavity, and mastoid air cells derive from the first branchial pouch, and the tympanic membrane forms from the plaque of tissue where this pouch meets the epithelium of the EAC.[2] [18] Pneumatization of the 
middle ear and mastoid occurs late in fetal development, is usually present by birth, and continues to expand postnatally. Meckel's cartilage (first branchial arch) gives rise to the neck and head of the malleus and the body of the incus, while 
Reichert's cartilage (second branchial arch) forms the long processes of the malleus and incus and the stapes superstructure. The stapes footplate has a dual embryologic origin, developing from the second arch and from the otic capsule. The 
ossicles achieve their final shape by the fourth month and, by the end of the seventh to eighth months, are covered with a mucous membrane from the expanding tympanic cavity.

The facial nerve is the nerve of the second branchial arch. Its general course is established by the end of the embryonic period; however, its ultimate intraosseous course depends on later bony expansion of the tympanic ring and cavity. [9] The 
auditory placode
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on the lateral surface of the hindbrain gives rise to the membranous inner ear during the third to the sixth week. The surrounding mesenchyme transforms into the bony otic capsule.

CLASSIFICATION SYSTEMS

In atresiaplasty, surgery classification systems help in deciding which patients are the best candidates and in comparing outcomes and multiple schemes have been developed. The De la Cruz classification divides abnormalities into "minor" 
and "major" categories ( Table 199B-1 ).

The clinical importance of this classification is that surgery in cases of minor malformations has a good possibility of yielding serviceable hearing, whereas cases of major malformations are best treated with the bone-anchored hearing aid 
(BAHA) system.

Jahrsdoerfer's point-grading system for preoperative assessment of the best candidates for hearing improvement assigns points based on mastoid pneumatization, presence of the oval and round windows, facial nerve course, status of the 
ossicles and mesotympanum, presence of the stapes, and external appearance ( Table 199B-2 ).[13] Each parameter receives 1 point except for the presence of the stapes, which accounts for two points. A score of eight or greater predicts the 
best chance of surgical success (greater than 80% success). A score of seven implies a fair chance; six is marginal; and less than six, the patient is a poor candidate for atresiaplasty. Other classifications systems include those by Altmann,[1] 
Chiossone, [5] and Schuknecht.[16] Congenital cholesteatoma occurs in 14% of patients with CAA and is not included in any of the grading systems because these systems are used only for predicting hearing results in elective cases.

INITIAL EVALUATION

Several issues should be addressed in infants presenting with CAA. In addition to the malformations of the  

TABLE 199b-1 -- DE LA CRUZ CLASSIFICATION OF CONGENITAL AURAL ATRESIA

Minor Malformations Major Malformations

Normal mastoid pneumatization Poor pneumatization

Normal oval window footplate Abnormal or absent oval window/footplate

Reasonable facial nerve-footplate relationship Abnormal course of the facial nerve

Normal inner ear Abnormalities of the inner ear
 
 

TABLE 199b-2 -- JAHRSDOERFER GRADING SYSTEM OF CANDIDACY FOR ATRESIAPLASTY

Parameter Points



Stapes present •••2

Oval window open •••1

Middle ear space •••1

Facial nerve normal •••1

Malleus-incus complex present •••1

Mastoid well pneumatized •••1

Incus-stapes connection •••1

Round window normal •••1

Appearance of external ear •••1

Total available points ••10

Rating Type of candidate

10 Excellent

•9 Very Good

•8 Good

•7 Fair

•6 Marginal

≤5 Poor

From Jahrsdoerfer RA and others: Grading system for the selection of patients with congenital aural atresia, Am J Otol 13:6–12, 1992.
 
temporal bone, other congenital abnormalities may be present and should be excluded. Evaluation of auditory function with auditory brainstem response (ABR) audiometry ideally occurs within the first few days of life in patients with either 
unilateral or bilateral atresia since ipsilateral and contralateral inner ear abnormalities may be associated with CAA. Occasionally, patients with unilateral atresia have a total sensorineural hearing loss (SNHL) on the side of the normal-
appearing ear. To maximize speech and language development, proper hearing amplification must begin promptly. For patients with bilateral CAA, a bone conduction hearing aid should be applied as soon as possible, ideally at 3 or 4 weeks 
of age. Hearing amplification is not necessary in patients with unilateral atresia if hearing is normal in the contralateral ear.

Parents of a child with sporadic, nonsyndromic CAA are counseled that the possibility of CAA in their subsequent children is no more than that of the general population. Options regarding future auricular reconstruction are also reviewed 
with the parents and the need for proper hearing rehabilitation is stressed. Early enrollment in special education enhances speech and language development. Children with CAA in association with other syndromes (e.g., hemifacial 
microsomia, Treacher Collins, Crouzon, or Pierre Robin syndrome) represent poor surgical candidates
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and long-term bone-conduction aid or BAHA offer the best rehabilitation.

The two absolute requirements for elective atresiaplasty are: (1) audiometric evidence of cochlear function and (2) radiographic evidence of an inner ear. As noted earlier in this chapter, audiometric evaluation should occur within the first 
few weeks of life; however, radiologic evaluation with a high resolution computed tomography (HRCT) of the temporal bone is deferred until 5 or 6 years of age. Occasionally a patient with CAA may present with an infected or draining ear 
or acute facial palsy with or without a congenital cholesteatoma. In these cases, resolution of the infection and removal of the cholesteatoma, if present, take priority and HRCT scanning may be indicated before age 5 or 6.

TIMING OF EAR RECONSTRUCTIVE SURGERY

Auricular reconstruction precedes hearing restoration surgery by at least 2 months to optimize the blood supply for the autologous rib graft and complex flaps.[3] For patients with binaural atresia, microtia repair and atresiaplasty are 
recommended at 6 years of age. By this age, mastoid pneumatization is complete and the costal cartilage has developed sufficiently for auricular reconstruction.

In unilateral cases, atresiaplasty surgery is delayed until the patient is old enough to appreciate the potential risks to the cochlea, vestibular system, and facial nerve. The exception to this is a child with "minor" unilateral atresia with normal 
middle ear, ossicles, and facial nerve and excellent pneumatization. In such patients atresiaplasty may be offered in childhood with the parents' consent. Adults with unilateral atresia frequently request atresiaplasty when their normal ear 
develops presbycusis.

Preoperative Evaluation and Patient Counseling

Palpation of the mastoid tip, suprameatal spine of Henle (if present), condyle, and zygomatic arch provides a reasonable estimate of the size of the mastoid. This is a useful measure because the new ear canal will be created at the expense of 
the mastoid air-cell system. At this time, the only acceptable preoperative imaging study is an HRCT scan of the temporal bone in both axial and coronal planes. The surgeon and the radiologist should both review the HRCT scan. Particular 
attention is given to the following elements as these are the most critical for surgical planning: (1) the status of the inner ear; (2) the extent of temporal bone pneumatization; (3) the course of the facial nerve, emphasizing the relationship of 
the horizontal portion to the footplate and the location of the mastoid segment; and (4) the presence of the oval window and stapes footplate. Ideal surgical candidates display a well-developed mastoid and a good oval window/footplate-facial 
nerve relationship. In addition to the elements mentioned, HRCT also delineates the thickness and form of the bony atretic plate, soft tissue contribution to the atresia, size and status of the middle ear cavity, and the presence or absence of 
congenital cholesteatoma. These are less critical for the repair.



Poor pneumatization is the most common cause of inoperability in CAA. Fortunately, the majority of cases have normal pneumatization. A facial nerve overlying the oval window may prevent ossicular reconstruction and hearing 
improvement. If the oval window is absent, it is possible to fenestrate the lateral semicircular canal to improve hearing. However, hearing results are generally poorer in such cases and there is increased risk of SNHL. These patients are 
usually best rehabilitated with hearing amplification. Atresiaplasty carries significant potential for facial nerve injury. The nerve often lies more lateral than usual and may assume a more acute angle than its usual 120 degrees at the mastoid 
genu. Even in patients in whom the facial nerve follows a normal course, the distances between the nerve and the temporomandibular joint and the nerve and the posterior wall of the tympanic cavity are significantly reduced.

Preoperative patient counseling carefully considers reasonably expected surgical results and the potential risks and complications.[4] [6] [10] [12] [17] Patients with minor malformations or achieving a seven or better on the Jahrsdoerfer grading scale 
are given a greater than 75% chance of significant hearing improvement. Of surgical patients, 50% will achieve a postoperative air-bone gap of less than 20 dB, and 15% to 20% will achieve a postoperative air-bone gap of less than 10 dB. 
The risk of graft lateralization is 22% to 28%, the risk of SNHL is 2%, and the risk of facial nerve palsy is less than 1%. Other risks and complications are comparable to those for other tympanomastoidectomy procedures. Patients are 
reminded that frequent postoperative visits are critical in the early postoperative period and that a split-thickness skin graft will be taken from the low abdomen to line the new ear canal.

STANDARD SURGICAL APPROACH

Although three approaches to drilling the new ear canal have been described, we have only used an anterior approach for the past 25 years and only this standard approach will be described.[8] Under general endotracheal anesthesia, the patient 
is placed in the otologic position with the head turned away. Facial nerve monitoring electrodes are placed and muscle relaxants are avoided. The postauricular area is shaved, and the auricle and postauricular area are prepared with povidone-
iodine and draped. The lower abdomen is also prepared for the skin graft donor site.
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All cases are approached through a postauricular incision. In cases with prior auricular reconstruction, care is taken not to expose the grafted costal cartilage. A -shaped incision is made in the periosteum and the subcutaneous tissue and 
periosteum are elevated anteriorly to expose the glenoid fossa. The temporomandibular joint space is gently explored to ensure that an anomalous facial nerve or tympanic bone remnant is not lying within it. A large piece of temporalis fascia 
is harvested and dried.

If a remnant of tympanic bone is present, drilling for the new ear canal begins at the cribriform area. If no such remnant exists, drilling begins at the level of the linea temporalis, just posterior to the glenoid fossa. Dissection proceeds 
anteriorly and medially, remembering the lack of landmarks in atretic bone. The middle fossa plate is identified and followed to the epitympanum, where the fused malleus head/incus body mass is identified. Care is taken to avoid exposure 
of the temporomandibular joint space or to avoid opening an excessive number of mastoid air cells. A radical mastoidectomy-like approach is to be avoided. Once the ossicular mass is identified, the atretic bone is removed with diamond 
micro drills and curettes to completely expose the ossicles. It is important to avoid drilling on the ossicular mass because transmission of high-speed drill energy to the inner ear may result in high-tone SNHL. An argon laser is used to free 
the malleus-incus complex from its soft tissue attachments to reduce potential drill trauma to the inner ear. Use of the laser may also prevent delayed refixation of the ossicular mass. The ossicular mass in the epitympanum is meticulously 
dissected free of the atresia plate and left intact. Although the temporomandibular joint often limits anterior dissection, particular effort is made to try and create a space of 2 to 3 mm or greater, anterior to the ossicular mass. The horizontal 
facial nerve always lies medial to ossicular mass, which protects the nerve in this area. While dissecting the inferior and posterior aspect, an aberrant facial nerve may be encountered as it passes laterally through the atretic bone. Drilling for 
the new ear canal continues until it measures about 10 mm. This circumference is most difficult to achieve medially where the facial nerve, temporomandibular joint, and middle fossa plate limit further expansion.

Reconstruction with the patient's own ossicular chain is preferred to the use of a prosthesis even if the ossicular chain is deformed. Therefore, if the ossicular chain is intact, it is left in place and used for ossicular reconstruction. When this is 
not possible, a total or partial ossicular reconstruction prosthesis to either a mobile footplate or the stapes head is used for reconstruction.

A dermatome is used to obtain a 0.008-in thick, 6 × 6-cm split-thickness graft from the hypogastrium. Pressure with a gauze sponge wet soaked in 1% lidocaine with epinephrine 1:100,000 and thrombin solution aids hemostasis of the donor 
site. When dry, the donor site is dressed with a sterile Tegaderm. This reduces the typical pain associated with older methods of donor site care. One edge of the skin graft is cut in a zigzag fashion to create four or five triangular points. To 
facilitate inspection of the skin graft in the final stages of the procedure, the tips of each point and the two corners on the opposite edge are colored with a skin marker. The skin graft is kept moist in physiologic solution until needed.

The dried temporalis fascia is trimmed to size, ideally a 20 × 15-mm oval, and a small 3 × 6-mm "tab" is cut into the anterior aspect of the graft to prevent lateralization. Thirty minutes before grafting begins, nitrous oxide is discontinued. 
The fascia is placed over the ossicular chain medial to the malleus, if available, or over the cartilage that covers the prosthesis. The tab of the graft is placed medially into the protympanum to help prevent lateralization of the new eardrum.

Next, the new ear canal is circumferentially lined with the split thickness skin graft (STSG) so that all the bone is completely covered. The triangular corners of the skin graft are placed medially and partially overlap the fascia. The colored 
points help ensure that no skin lies folded on itself and that the entire width of the graft is used. A single layer of antibiotic-soaked Gelfoam holds the fascia and skin graft in place. To reproduce the anterior tympanomeatal angle, a disk of 
Gelfilm is placed over the fascia and skin graft. Two thin 0.005-in Silastic strips are placed to line the skin. This helps prevent adhesions between the skin graft and the ear canal packing. A large Ambrus® (Merocel) wick is placed over this 
medial canal wall packing.

An adequate meatoplasty is then performed. Because the final diameter will eventually be reduced by 30% because of the normal healing process, a meatus of at least 10-mm is created. It is important to avoid denuding or otherwise 
damaging the grafted cartilage used for auricular reconstruction. Skin, subcutaneous tissue, and cartilage are removed in a 10-mm-diameter core over the new meatus. The ear is turned back and the lateral edge of the skin graft is brought 
through the meatoplasty. The periosteum is sutured back over the mastoid cortex, which helps ensure that the meatus heals wide open. Four to five tacking sutures of 5-0 Ti-Cron attach the lateral edge of the skin graft circumferentially to the 
meatal skin. Finally, 6-0 fast-absorbing plain gut is used in a running manner between each Ti-Cron suture. The lateral portion of the new ear canal and the meatus are
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packed with a second large Ambrus® wick. This applies diffuse pressure over the entire lateral skin graft and widely packs the meatoplasty. The postauricular incision is closed using 3-0 Dexon absorbable sutures, Steri-Strips cover the 
incision, and a standard mastoid dressing is applied.

POSTOPERATIVE CARE

The mastoid dressing is removed on the first postoperative day. The Tegaderm remains over the STSG donor site for at least 3 weeks to allow for epithelialization to occur under the plastic. The patient is seen 1 week after surgery when the 



tacking Ti-Cron sutures at the meatus and the postauricular Steri-Strips are removed. Any dried blood or crusting on the lateral end of the meatus pack should be trimmed. The postauricular site can now be washed, but water precautions 
continue for the canal. We continue to see the patient on a weekly basis. At 3 weeks, the Merocel packs and Silastic are removed and the meatus is repacked with antibiotic-soaked Gelfoam. At this point, the patient should apply antibiotic 
suspension to the packing in the ear canal twice a day for 8 to 12 weeks. Usually by 3 weeks, the donor site has completed the initial re-epithelization and the Tegaderm may be removed.

By 6 to 8 weeks postoperatively nearly all of the Gelfoam is usually gone and the canal is healing well. The 1st postoperative audiogram is obtained at that time and repeated in 6 months, 1 year, and yearly thereafter.

AVOIDANCE OF COMPLICATIONS

Complications of atresiaplasty include lateralization of the temporomandibular in 22% to 28%, stenosis of the external auditory meatus in 8%, SNHL in 2%, and facial nerve palsy in less than 1%. Attention to intraoperative measures helps 
minimize graft lateralization. Nitrous oxide is discontinued 30 minutes before grafting. The graft should be anchored medially to the malleus and the tab should be placed into the protympanum. Use of an accurately sized Gelfilm disk 
recreates an anterior tympanomeatal angle and keeps the graft in position. The patient must be followed carefully for at least 24 months, because lateralization has been known to occur up to 12 months postoperatively.

The incidence of stenosis has been significantly reduced with the use of large STSGs. Of equal importance to surgical technique is consistent postoperative follow-up and office care. Patients should understand beforehand that they must 
strictly follow the postoperative instructions and that they must keep all scheduled postoperative visits. We check the circumference of the pack each week to ensure that there is no ingrowth of grafted skin into the pack, although we have not 
seen this problem with the Ambrus® packs. If the meatus appears to be narrowing, usually at the third month, it should be dilated every 2 weeks and restented with the large Merocel wick, for a period of several months to 2 years. This 
usually avoids the need of reoperation. Early identification and treatment of infection is also necessary to prevent graft failure and canal stenosis.

High-tone SNHL occurs in 2% to 5% of the cases. To reduce the risk of inner ear trauma, it is critical to avoid drilling on the ossicular chain when dissecting it away from the atretic bone. Use of the laser helps minimize manipulation when 
trying to free the malleus-incus complex from the atretic plate. With better imaging techniques, oval window problems can be identified preoperatively and problems of SNHL because of oval window drill-out can be avoided. Likewise, 
patients with computed tomography evidence of severe malformations make poor surgical candidates and are best fitted with conventional bone-conduction hearing aids or with BAHAs instead.

Intraoperative facial nerve monitoring is essential in all cases since there are often no clearly identifiable landmarks in atretic ears. If the monitor is off transiently because of the use of electrocautery, the facial nerve can be monitored 
manually by placing a hand on the patient's face. It is also important to remember that in a poorly pneumatized temporal bone the otic capsule may be difficult to distinguish and care must be taken to avoid "blue lining" (or worse) of the 
semicircular canals.

SURGICAL ALTERNATIVES TO ATRESIAPLASTY

BAHAs provide an good alternative to atresiaplasty for rehabilitation of hearing loss resulting from CAA.[11] BAHAs are especially suitable for patients with bilateral CAA and who, because of the severity of the malformations, are poor 
atresiaplasty candidates. In general, we do not recommend implantable hearing aids in young children, because the surgical scars may preclude any future microtia repair. However, the BAHA titanium implant is ideally placed 5 to 6 cm 
behind and 3 cm above the ear canal in a hair-bearing area. This placement seems to allow for the possibility of future microtia repair transplanting costal cartilage to an area with unscarred skin. On the other hand, the titanium implants for a 
bone-anchored cosmetic ear epithesis are ideally placed 18 to 20 mm behind the (future) ear canal. This interferes with the skin of a future auricle, if reconstruction is contemplated.

SUMMARY

The treatment of congenital aural atresia represents a challenging, complex problem. Early identification,
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appropriate hearing amplification, and speech and language therapy are crucial in bilateral cases. Cooperation with the auricular reconstruction surgeon allows for optimal aesthetic and functional success. Strict radiologic and clinical criteria 
are necessary to select appropriate atresiaplasty candidates. Classification of patients into categories of minor and major malformations provides prognosis for hearing improvement and potential risks of surgery. A thorough understanding of 
the embryologic development of the ear and rigorous adherence to the surgical principles of tympanoplasty, canaloplasty, and facial nerve dissection enable optimal and safe hearing restoration. Maintenance of good initial surgical results 
and avoidance of late complications requires diligent postoperative office care. BAHAs provide a good alternative to patients who are poor atresiaplasty candidates.
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Chapter 200 - ACUTE OTITIS MEDIA AND OTITIS MEDIA WITH EFFUSION

Andrew F. Inglis Jr. 
George A. Gates 

INTRODUCTION

Otitis media (OM) is the most common bacterial infection in children and the most frequent indication for antimicrobial or surgical therapy in this age group. It is also the leading cause of hearing loss in children. The aggregate morbidity 
associated with OM is substantial: The costs of medical and surgical therapy for children 5 years of age and younger are estimated at $5 billion annually in the United States.[49] The number of operative procedures performed for OM annually 
in the United States is estimated at about 600,000.[149] The majority of children have at least one infection, and 10% of children have 40% of episodes. Many factors predispose children to OM, but the impact of these factors is variable. Known 
risk factors are young age, male gender, bottle feeding, siblings with OM, crowded living conditions (including multi-child day care centers), smoking in the home, heredity, and a variety of associated conditions such as cleft palate, 
immunodeficiency, ciliary dyskinesia, Down syndrome, and cystic fibrosis.[151] The genetic factors of OM have yet to be delineated but likely they will be found to be polygenetic and multifactorial.

Treatment policies for OM vary worldwide, due in part to divergent results from numerous studies and clinical trials. The evidence for and against specific therapies is inconsistent and variably interpreted. Attempts to standardize the 
indications for surgical therapy[148] have largely been ignored, in part because the guidelines have been based on limited premises. Because of the alarming increase in penicillin-resistant pneumococci,[124] attitudes about antibiotic use are 
changing. It is fair to say that acute OM (AOM) prophylaxis with long-term use of an antimicrobial agent, which has been the standard of practice in the United States for the past two decades, currently is discouraged. [107] While it is logical 
that surgical therapy would be used more often in children with severe recurrent AOM (to reduce the number of new infections and to remove persistent effusion), the impact of managed care and newer attitudes about the consequences of 
OM appear to be acting in a counter direction.

This chapter reviews current knowledge about OM based on both classic and contemporary clinical research. Emphasis is on surgical treatment in the ambulatory setting within the context of the opposing forces of societal attitudes about 
cost containment on the one hand, and the continuing parental pressure for optimal care on the other hand. As the chief providers of surgical care for children with OM, otolaryngologists frequently find their recommendations constrained by 
the policies of managed-care agents and their advisers who seek to control health-care costs by limiting surgical treatment, even though such therapy has been proven effective in reducing OM morbidity. Such policies typically examine only 
the short-term costs and fail to consider the short- and long-term value. When the long-term impact of OM is considered, surgical therapy is more cost effective than medical therapy for severe cases.[49] With the welfare of patients as our 
primary concern, surgical therapy is selected from a rational, research-based, conservative protocol for patients for whom medical therapy has failed, and for whom remediation of symptoms and correction of hearing loss is important.

BACKGROUND

Definitions

OM is a generic term for any inflammatory process in the middle-ear cleft behind an intact tympanic membrane (TM). The two major classes of OM are AOM and chronic OM with effusion (OME). A diagnosis of AOM requires the 
presence of a middle ear effusion (MEE) and the symptoms and signs of acute infection (fever, pain, a red and bulging TM). OME indicates an MEE without signs of inflammation. Equivalent terms are chronic secretory OM, chronic serous 
OM, and "glue ear." MEE denotes a liquid in the middle-ear
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cleft regardless of etiology. Specifically excluded from this chapter are the various types of chronic suppurative OM associated with a permanent perforation of the TM or with cholesteatoma.

Clinical and Functional Anatomy

The middle-ear cleft is a continuous space that begins at the nasopharyngeal orifice of the eustachian tube and extends to the farthest mastoid air cells. The three main segments are the eustachian tube; the middle ear (tympanum); and the air 
cells of the mastoid, petrosa, and related areas. The middle-ear cleft is normally aerated and is highly variable in dimension, with each of the main segments delineated or constricted by narrow isthmuses and subdivided by mucosal folds or 
by discrete, communicating cells. The physical characteristics of the TM that facilitate sound transfer also allow it to serve as a clinical window into the middle-ear cleft, one that permits inferences about the condition of the tympanum based 
on visible changes in the color, mobility, or position of the TM, or from changes in the acoustic compliance of the middle-ear mechanism, as noted on immittance testing.

The mucosal lining of the middle-ear cleft varies from the thick, ciliated, respiratory epithelium of the eustachian tube and anterior tympanum to the thin, nonglandular, cuboidal epithelium in the mastoid cells. Hyperplasia and an increase in 
the number of goblet cells are common findings in the middle ears of patients with OM.[134] These metaplastic changes, which predispose to the formation of effusion, are probably the result of the primary process. The tympanic mucous 
blanket is swept toward the nasopharynx by the coordinated action of the ciliated epithelium. This process clears secretions and particulate matter from the middle ear into the nasopharynx via the eustachian tube.

The normally closed eustachian tube opens briefly with swallowing and other maneuvers in which the tensor veli palatini muscle contracts (e.g., yawning). Equilibration of pressure in the middle ear to ambient pressure occurs during 
opening, provided nothing obstructs the tubal lumen, such as inflammatory edema, secretions, or, rarely, neoplasm or trauma. Barosensors mediate the tubal opening reflex through Jacobson's nerve.[37] The closed eustachian tube protects the 
middle ear from the entry of unwanted materials, except during swallowing, when reflux of nasopharyngeal secretions may occur if the tube is patent and nasopharyngeal pressure rises substantially above that of the middle-ear cleft.

Epidemiology

OM afflicts a majority of children at some point during their early years. In a private pediatric practice in the southern United States, 84% of children had one episode of OM, 50% had three or more episodes, and 25% had six or more 
episodes; 9% of the children had 31% of the total episodes.[19] In the Greater Boston Otitis Media Study,[151] 93% of children had at least one episode of OM and 74% had three or more episodes. National statistics from the United States 
indicate an increasing prevalence.[22] The highest prevalence occurs in the first 2 years of life and decreases there-after. OM is also most common in the first year of life in Finland, with 50% of first episodes occurring by the third year of life.[75] 
Howie, Ploussard, and Sloyer[73] described the otitis-prone condition, noting that children with six or more episodes of AOM had in common onset of AOM before their first birthday and infection with Streptococcus pneumoniae.

OM is more frequent in the winter months regardless of climate, presumably because of crowding in schools and in large-group day-care centers during the upper-respiratory infection (URI) season. Henderson and others[67] confirmed the 
chronologic proximity of OM to URI in a day-care setting regardless of time of year. Among the multiple risk factors for OM found to be statistically significant by Pukander, Karma, and Sipil,[125] attendance at a day-care center had the 
highest correlation.

Risk factors for OM identified by Teele and others[155] were male gender, bottle feeding, a sibling with OM, and early occurrence of OM. In addition to day care, Pukander, Karma, and Sipil[122] found allergy, socioeconomic status, smoking by 
the mother, parental history of OM, and viral infections in the home to be significant risk factors. But birth weight was not significant and breast feeding was protective only until discontinued. The risk factors for AOM and OME are 
discussed together because they represent two stages of the same disorder, namely OM, and because in the studies in which the two are discussed separately the risk factors appear to be the same.

OM is more common in Native Americans than in whites. The incidence in blacks and whites is equal.[21] Differences in the size and angulation of the eustachian tube appear important in understanding racial predilection for or protection 
from OM.[35] However, submucous cleft palate and sinusitis are also more prevalent in Native Americans[164] and cannot be excluded as contributing factors to OM. Although impoverished living conditions have long been cited as a possible 
factor in OM, Shaw and others[140] found no variation in rates of OM in Arizona Native American children based on living conditions, number of persons in the home, sanitary conditions, method of infant feeding, distance to a health care 
facility, or mother's education.
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The epidemiology of OME has been studied extensively in Denmark through several large-scale tympanometric serial screenings of children in different age groups.[155] [156] These surveys showed that tympanometric evidence of OME was 
uncommon in newborns, that by 1 year of age 24% of ears had either a type-B (flat) or type-C2 (negative pressure  150 daPa) tympanogram, and that the tympanometric patterns change spontaneously in the majority of examinations 
repeated at 3-month intervals. Improvement was noted more in the spring and summer months, and worsening was more prevalent in the winter months. The point prevalence of type-B tympanograms was greatest in 2- to 4-year-olds and 
declined after 6 to 7 years of age.

PATHOPHYSIOLOGY

Historically, the pathophysiology of OM has been linked with abnormalities of eustachian tube function. The eustachian tube performs three classic functions: aeration, clearance, and protection of the middle ear. Early studies suggested that 
obstruction of the tube (i.e., under aeration) was the underlying cause of most AOM. Newer work, however, has refined that concept to suggest that AOM is the result of bacterial entry into the middle ear (i.e., failure of protection). This 
entry is due to an abnormally patent (or compliant) tube rather than an obstructed one. Tubal obstruction along with failure of clearance, common findings in children with OME, may be secondary rather than primary processes. We present 
evidence for these hypotheses below.

 
TABLE 200-1 -- PERCENTAGE OF BACTERIA FROM MIDDLE-EAR ASPIRATES FROM CHILDREN WITH ACUTE OTITIS MEDIA FROM THE UNITED STATES, FINLAND, DENMARK, AND JAPAN

 
United States * (n = 1431 ears) 1980–

1985 Finland † (n = 707 ears) 1977–1978 Japan ‡ (n = 1277 ears) 1984–1986 Denmark (n = 147 ears) 1973

Streptococcus pneumoniae 29.8 33.8 45.9 19.1

Haemophilus influenzae 20.9 8.5 33.4 27.6



Branhamella catarrhalis 11.7 7.2 •2.3 —

Streptococcus pyogenes •3.1 2.1 •6.3 •8.2

Staphylococcus aureus •1.6 5.0 •5.0 17.1

Staphylococcus epidermidis — 11.5 — —

Other 19.1 3.0 •3.9 —

No growth 19.6 39.3 •7.2 —

From Bluestone CD and others, Ann Otol Rhinol Laryngol Suppl 99:43, 1990.
*From Rohnd D, Wald ER, unpublished data, 1980–1985. 
†From Karma P and others, unpublished data, 1986. 
‡From Takahara T and others, unpublished data, 1986. 

 
 
 
Acute Otitis Media

That AOM is a bacterial disorder is beyond question. Worldwide, the same pathogens are cultured with remarkably similar frequency from the middle ears of children with AOM. Table 200-1 presents the results of cultures from children 
with AOM.[13] Viruses have been recovered from the middle ear in some cases as the sole agent, but more often with pathogenic bacteria.[65] [84] 

Because the majority of cases of AOM have a bacterial etiology, one must account for how the bacteria reach the middle ear. First, in usual cases of AOM, viral nasal infection precedes the ear infection.[67] Second, pathogenic bacteria 
subsequently appear and are found in the nasopharynges of 97% of patients with AOM, with correspondence to the organisms in the MEE in 69%. [72] Third, the adenoids of children with recurrent AOM contain pathogenic bacteria in 
clinically significant amounts.[17] [33] [118] Stenfors and Raisanen[146] noted a significant age correlation with middle-ear pathogens in the nasopharynges of clinically disease-free children; 57% of those under 2 years of age were culture positive 
compared with 40% of the 11- to 15-year-old children. Thus the adenoid may serve as a bacterial reservoir in the nasopharynx in children with in AOM.

Nasopharyngeal microorganisms most likely enter the middle ear cleft via the eustachian tube. Reflux from the nasopharynx into the middle ear during swallowing has been demonstrated radiographically in OM-prone children by Bluestone 
and others.[12] Reflux is probably facilitated by nose blowing and closed-nose swallowing (i.e., Toynbee's maneuver)[77] or aspiration

4448

into the middle ear as a result of negative middle-ear pressure. One source of negative middle-ear pressure is sniffing.[5] Children with patulous eustachian tubes, in whom free flow of radiographic material into the middle ear occurs, have 
been shown by Bluestone and others[12] to be at high risk for OM. Bluestone, Beery, and Andrus[10] showed that young children have shorter, straighter, and more compliant eustachian tubes than do adults, an important factor in the 
pathogenesis of OM in children. Sade[134] was among the first to identify the open eustachian tube as a factor in AOM. Large adenoids, elevated during swallowing, may obstruct the posterior choanae and contribute directly to increased 
nasopharyngeal pressure and thus indirectly to reflux.

During swallowing, the adenoid is elevated by the soft palate and, when large, may obstruct the posterior choanae and contribute directly to increased nasopharyngeal pressure and thus indirectly to reflux. Adenoid enlargement has long been 
postulated as a factor in OM,[108] but if reflux is indeed a sequel of adenoid enlargement, one would expect a greater prevalence of adenoid enlargement in children with OM. However, the evidence does not support this assumption. Adenoid 
size in children with OM did not differ from that of control children either radiographically[69] or by weight. [57] No difference was noted in the recurrence rate of effusion in children with large vs small adenoids, nor did the effect of 
adenoidectomy depend on adenoid size.[52] [98] [110] The close proximity of the adenoid to the mouth of the eustachian tube has led many to presume the existence of a cause-and-effect relationship of adenoid-to-eustachian tube function. Under the 
working hypothesis that bacteria from the adenoid and nasopharynx enter the middle ear via the eustachian tube, it is unnecessary to postulate eustachian tube obstruction as a necessary precedent for AOM, as has been held since the time of 
Politzer.[119] It has never been shown that the adenoid physically obstructs the eustachian tube. In fact, it has been shown that it does not. Honjo[71] studied 52 children with OME and compared eustachian tube function in those with a large 
adenoid, which appeared on fiberoptic endoscopy to obstruct the pharyngeal end of the eustachian tube, with those with a clearly open tube. No difference in the opening pressure or in positive-pressure equalization was noted between the 
two groups. Further, there was no difference in eustachian tube ventilation function before and after adenoidectomy. Therefore, Honjo concluded that the adenoid does not mechanically obstruct the eustachian tube.

Takahashi, Fujita, and Honjo[150] studied 10 adult patients with OME using a thin-pressure catheter and identified the site of eustachian tube obstruction in the distal part of the cartilaginous portion, 5 to 15 mm from the orifice, rather than at 
the orifice proper. Thus the role of eustachian tube obstruction as a precursor to AOM is called into question, and the locus of obstruction in chronic OME is likely to be within the eustachian tube rather than at its nasopharyngeal ostium.

The preceding findings suggest that eustachian tube dysfunction, which is clearly demonstrable in these children, may be the result of AOM rather than the cause of it. Thus: the classic theories that the adenoid causes mechanical obstruction 
of the eustachian tube and that adenoidal enlargement is a factor in the pathogenesis of OM are not supported by current evidence. Improvement in eustachian tube function, however, does occur after adenoidectomy.[12] [71] The exact 
mechanism for this effect is not clear, although relief from infectious stimulation may play a role (see the section on adenoidectomy in this chapter).

Chronic Otitis Media with Effusion

Although obstruction of the eustachian tube does not necessarily precede AOM, eustachian tube dysfunction is a nearly universal finding in children with OME. In addition, ligation of the eustachian tube in animal models invariably 
produces MEE. However, in humans the obstruction is probably secondary to the inflammatory process rather than the cause of it. The obstruction is usually functional in nature and is caused by edema, viscous secretions, or both.

Two broad categories of OME exist: persistent MEE after an acute effusion and secretory OM. However, it is generally impossible to distinguish them on clinical grounds, except when the patient has been examined before onset.

In younger children at least, OME is most often the unresolved stage of AOM. In a long-term study of OM in infants and children, Teele and others [151] found persistent effusion (>30 days) in 40% of children after their first episode of AOM 
and continued effusion (up to 3 months) in 10%. This represents a failure of the middle-ear clearance mechanism. Factors that may be involved include ciliary dysfunction, mucosal edema and hyperplasia, viscosity of secretion, and possibly 
a middle-ear/nasopharyngeal-pressure gradient. Bacterial exotoxin causes a reversible paralysis of middle-ear cilia,[6] and inflammatory edema can obstruct middle-ear drainage. The high viscosity of MEE is well known to every 



otolaryngologist who has attempted to aspirate a middle ear. Any or all of these pathologic changes may functionally impede clearance of MEE. Negative middle-ear pressure may result from ciliary clearance of viscous secretions through 
the eustachian tube: as the bolus of secretion becomes impacted into the tube, the pressure decreases behind it, thereby drawing the TM inward. Fenestration of the TM, as with
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placement of a tympanostomy tube, relieves this negative pressure and aids clearance.

Many patients with OME, especially older children, have a silent onset without a clinically evident antecedent AOM, although most patients have a history of OM in earlier childhood. It is necessary, therefore, to postulate a second 
mechanism for the MEE in these cases. Secretion of fluid by the abnormal middle-ear mucosa (i.e., secretory OM) is held by many to be the origin.[134] Antigenic stimulation in an ear sensitized by prior infection may result in recurrent 
effusion in the absence of clinically identifiable acute infection.[133] The fluid in these cases is produced by the middle-ear mucosa in response to subclinical antigenic stimulation rather than by an overt acute inflammatory process. Many 
investigations have confirmed the finding of Senturia and others[139] that chronic MEE is not sterile, as previously hypothesized, and contains the same spectrum of microorganisms ( Table 200-2 ) that is found in acute effusions. Metabolically 
active bacteria have been found through polymerase chain reaction techniques in culture-negative middle ear effusions, [123] leading some to speculate that biofilms may play a role in sustaining the effusions.[38] Thus the available evidence links 
chronic MEE, regardless of its clinical presentation, to bacterial infection.

Barotrauma may cause MEE. When middle-ear pressure rapidly becomes lower than atmospheric pressure, a clear, watery transudate may form in the middle ear; this is known as serous OM. Serous OM is also seen sporadically in both 
children and adults, caused perhaps by viral infection and certainly by URI and acute eustachian tube dysfunction. The presence of negative middle-ear pressure in many people with URI and the subsequent formation of MEE led Politzer[119] 
to develop his hydrops ex vacuo theory as the source of MEE. Although the theory is attractive in its simplicity, the experimental data do not support  

TABLE 200-2 -- PERCENTAGE OF BACTERIA FROM MIDDLE-EAR EFFUSIONS FROM CHILDREN WITH CHRONIC OTITIS MEDIA WITH EFFUSION FROM UNITED STATE, FINLAND, AND JAPAN

 United States (n = 4483 ears) 1980–1985 Finland (n = 510 ears) 1978–1984 Japan (n = 441 ears) 1984

Haemophilus influenzae 14.7 8.0 20.2

Streptococcus pneumoniae •7.0 4.3 10.6

Branhamella catarrhalis •8.5 3.5 •2.3

Streptococcus pyogenes •0.8 0.2 •0.9

Staphylococcus epidermidis — 7.5 —

Other 35.3 5.3 •4.8

No growth 34.0 66.3 56.0

From Bluestone CD and others, Ann Otol Rhinol Laryngol 99:43, 1990.
 
the ex vacuo theory as the cause of OME (see the section on treatment of middle-ear inflation in this chapter).

OM is nearly a universal finding in children with cleft palate, and the mechanisms and treatment have been studied extensively.[109] The principal defect is related to the function of the tensor veli palatini muscle, which, lacking its usual 
insertion into the soft palate, is unable to open the tube properly on swallowing. This creates a functional obstruction of the tube.

Histopathology of the temporal bone in cases of childhood OME shows vascular dilation and proliferation, mononuclear cell infiltration, thickening and metaplasia of the epithelium, gland formation, edema, and exudation. Sando and 
Takahashi[136] found eustachian tube malformation and inflammation in their patients with cleft palate and Downsyndrome and a striking relationship of inflammatory changes in the middle ear to the degree of eustachian tube malformation.

Allergy has long been believed to be an underlying factor in the pathogenesis of OM. However, the evidence for and against this association is incomplete. It is not clear, for example, that the middle ear is an allergic target organ nor has the 
case been made that the observed findings are not simply the result of microbial-induced inflammation. Hurst[74] found a high prevalence of positive tests for allergy in children undergoing tympanostomy tube insertion as compared with a 
control group of a small number of adults. It may well be the case that the immunologic findings in the MEEs of the children were specific for infectious OM, and the lack of these findings in the adult group merely reflects a different 
pathophysiologic disorder (i.e., eustachian tube dysfunction). Gates and others[52] found no higher prevalence of positive skin tests in children with OM than in the general community. Continued research is needed to clarify these 
contradictory data.

4450

SEQUELAE AND COMPLICATIONS

The suppurative complications of AOM were not trivial in the pre-antibiotic era. Extension of the infection to involve the bone of the mastoid, soft tissues of the neck, meninges, and cerebral/cerebellar cortex was common. Today such 
problems are seldom seen, except in areas where access to modern medical care is limited. The most likely patients seen by otolaryngologists today are those with postauricular tenderness and fullness in whom the diagnosis of mastoiditis is 
suspected. Because all severe cases of AOM have mucosal involvement of the mastoid, clouding of air cells on computed tomography is expected and should not be mistaken for mastoiditis. The key radiographic sign of mastoid osteitis, 
namely demineralization of the air cell septae, lags behind the clinical findings. Once osteitis is diagnosed, mastoidectomy is generally warranted to remove the infected, often necrotic bone. In many of these cases, a subperiosteal 
postauricular abscess is present and surgery is performed for drainage of this pus and removal of the infected bone.

Intracranial complications are quite rare in AOM. Nonetheless, awareness of the possibility of meningitis, extradural abscess, or even brain abscess is an important part of the evaluation of patients with severe or neglected AOM.



The adverse effects of OME on hearing and on the development of cognitive, linguistic, auditive, and communicative skills are of concern to parents and physicians alike. Although it is clear that severe hearing loss produces severe 
impairments, there is less agreement that mild hearing loss invariably produces mild impairment.

Research on both short-term and long-term consequences of OME on these measures has yielded mixed results. * Many children with recurrent OME show little or a very transient negative impact on these measures. However, there is 
considerable evidence that some children are especially at risk for negative consequences of OME for either environmental (e.g., low socioeconomic status) or biological reasons (children who are already late talkers for other, generally 
unknown, reasons).[47] In addition, certain aspects of language development appear to be especially vulnerable to the intermittent, fluctuating hearing loss caused by OME. These include articulation development, receptive vocabulary 
development, and phonologic awareness. Nittrourer [104] found that a group of 7 and 8 year-old children with histories of OME performed more poorly than a comparison group on measures of phonologic awareness. Thus phonologic 
awareness may be an important mediator of later academic difficulties for some children who experience recurrent OME as noted by Gravel and Wallace.[59] [60] 

A number of studies have reported an adverse effect of OM on cognitive development. Holm and Kunze[70] were among the first to discuss this problem. In a study of 205 3-year-old children in Boston, Klein and others[83] found that in higher 
socioeconomic groups, more than 130 days of OME in early life is associated with significant language delays and lower intelligence quotient scores as compared with children with fewer than 30 days of OME. Thus there is evidence that 
OME has a retardive effect on development. What remains to be established, however, is the most effective strategy to counter this effect.

It is tempting to assume that hearing loss causes any adverse developmental effects from OM. Since many children with recurrent AOM and chronic OME are frequently ill, the differential effect of hearing loss on development (as opposed 
to just being chronically frequently ill) needs to be established. Certainly, in many cases compensatory actions by the parents and teachers and, to an unknown degree by the children themselves, may provide some remedy. Frequent or 
chronic illness of any type often has a deleterious effect on the child and family. Disruption of family life by an irritable, painful, or inattentive child plus the extra costs for physicians' services, time lost from work, and medications may 
place a financial and emotional strain on the family.

The otologic sequelae of OM are permanent perforation of the TM, chronic suppurative OM, tympanosclerosis, adhesive OM, ossicular necrosis, retraction pockets in the TM, cholesteatoma, and sensorineural hearing loss.[154] In social groups 
receiving prompt and effective medical therapy, these sequelae are uncommon. In areas where health care is not readily available, however, these problems are common. With improved access to care, the number of new cases of otologic 
sequelae decreased.[165] 

DIAGNOSIS

The first step in diagnosis is usually the recognition of a problem by the child's care giver. Older children will complain of earaches, but infants become fussy, sleep poorly, and often pull or tug at the affected ear. In infants, a fever often 
heralds the onset of AOM, but this sign may be absent in older children. Many parents are alerted by the URI that often precedes the AOM. Conversely, OME may be completely asymptomatic. Often the child is so accustomed to reduced 
hearing sensitivity that parents become aware of the problem only after the child turns up the volume of the radio or television or is not attentive during normal conversation.

*References [39] [42] [114] [117] [129] [134] [129] [114] [134] . 
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Otoscopy

The normal TM is gray, concave, and translucent and moves briskly on pneumatic otoscopy. The classic signs of AOM are redness and bulging of the TM. In the beginning stages of AOM, the eardrum may bulge outward because of positive 
pressure in the middle ear, and it often moves normally. As effusion develops, drum mobility is decreased. In severe cases none of the usual landmarks may be visible. If the process continues to worsen, necrosis of the TM occurs and the 
effusion passes into the ear canal through a typically pinpoint perforation. Massive necrosis of the drumhead is rare, although necrotizing streptococcal infection is a known cause of permanent perforation.

In early or mild cases of AOM, considerable judgment must be used to differentiate subtle redness of the drumhead in crying children, whose struggles can result in vascular congestion of the TM that simulates OM. For this reason, 
assessment of TM mobility is vital to confirm the presence of MEE.

The pneumatic otoscope can be used to increase and decrease the pressure in the external auditory canal, and the TM should move inward and outward in synchrony with the pressure changes. In a healthy ear, pressures as low as 1 to 2 daPa 
result in detectable motion of the drumhead.[48] Use of the operating microscope improves the ability to make these subtle judgments. The best method to train the eye is to examine the ears just before myringotomy in the preoperative holding 
area. Comparing preoperatively recorded findings with the amount of MEE found at surgery is the surest way to develop good otoscopic discrimination for MEE. Most examiners quickly develop good sensitivity for the presence of effusion, 
but being confident about the absence of effusion (specificity) takes experience and practice. Two studies suggest that pediatric residency programs are not imbuing good otoscopic diagnostic skills with regards to OM on their trainees.[116] [145] 

A number of clinical variants of AOM are known and detectable otoscopically. Myringitis is an inflammation of the TM without MEE. The etiology and pathogenesis of myringitis are not well documented. In some cases, myringitis may 
represent the initial stages of bacterial AOM. In others, it may be because of a viral agent. In still others it may represent the effects of nose-blowing or sniffing. Because of the uncertainty of the clinical course of myringitis, most 
practitioners use the same treatment as for AOM. Bullous myringitis is seen in both adults and children. Early reports suggested an association with Mycoplasma pneumoniae infection. However, in most cases bullae on the TM are associated 
with the same pathogenic bacteria as AOM and should be treated similarly.[125] Pain is an outstanding feature of bullous myringitis and is not relieved by opening the bullae.

The classic findings of OME are a retracted, hypomobile or immobile TM and a dark, fluid-filled tympanum that obscures visualization of the long process of the incus. Negative middle-ear pressure is also associated with a retracted TM, but 
the membrane moves outward briskly when pressure in the ear canal is sharply reduced with the pneumatic otoscope. Judging the absence of MEE in the face of a retracted TM is often difficult.

Tympanometry

Tympanometry has an important place in the evaluation of children with middle-ear disorders. Ease of use, acceptance by patients, reproducibility of results, and availability of low-cost machines have led to widespread use of tympanometry 
in physicians' offices. By plotting the amount of acoustic energy reflected from the TM as the pressure in the external auditory canal is varied from -400 daPa to 100 daPa, a tympanogram is obtained, the shape of which provides considerable 
information about the status of the middle ear. When the tympanum is completely filled or impacted with effusion, compliance is low and the tympanogram is flat (i.e., reflected energy does not vary with the pressure change). This shape was 
labeled type B by Jerger. [76] In air-containing ears, the shape of the tympanogram is usually peaked at -100 daPa (type A). Negative middle-ear pressure (i.e., below 150 daPa) with a sharp peak is labeled type C. Variants of these 
tympanogram types have been described for research purposes by Paradise, Smith, and Bluestone,[112] who pointed out that the ear canals of infants (younger than 7 months of age) are hypercompliant, and normal tympanograms are possible in 



the presence of MEE. In these cases, the walls of the canals move with pressure, producing a "canal gram" rather than a tympanogram.

The type A tympanogram, which has a sharp compliance peak at ±100 daPa, suggests an aerated tympanum. Type B curves may be completely flat or have a very rounded compliance peak, which is often below -300 daPa. The type C 
tympanogram usually has a sharp peak between -150 and -200 daPa. Such tracings reflect negative middle-ear pressure and do not indicate effusion per se. When the pressure is below -250 daPa, the likelihood of MEE increases. Figure 200-
1 shows the most common types of tympanometric curves seen in children with OM.

Audiometry

MEE that completely fills the middle-ear cleft usually results in a moderate conductive hearing loss. Small amounts of MEE may not alter hearing sensitivity.
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Figure 200-1 Tympanometric patterns in otitis media. The vertical height of the pressure line is the same throughout only for comparison, as the units are arbitrary. Note that the shape of the curve (peaked or gradual), the height of the curve 
(proportional to the compliance of the middle ear), and the middle-ear pressure at peak compliance are all related to the classification and, in turn, to the likelihood of middle-ear effusion. The types correspond to Jerger's original 
classification[76] ; the variants are adapted from Cantekin and others[21] ; and the likelihood of effusion is from Gates and others.[53]  

 

Figure 200-2 A simple technique for office tympanocentesis. The plunger (top) is removed from a tuberculin syringe. The flanges (bottom) are sterilely cut off and discarded. The barrel of the syringe (center) is attached to a suction hose and 
a slightly bent 20-gauge 3 ½-in spinal needle. With the suction running, the needle is inserted through the anteroinferior portion of the TM and quickly withdrawn. Fluid from the effusion will spatter the walls of the syringe. Suction is 
immediately shut off to prevent drying of the effusion or evacuation of the effusion into the suction tubing. The specimen is cultured as outlined in Del Beccaro and others.[34]  

 
 



Box 200-1. CONDITIONS IN WHICH TYMPANOSTOMY TUBE PLACEMENT MAY BE INDICATED

Recurrent acute otitis media 
 
Chronic otitis media with effusion in healthy children 
 
Otitis media or eustachian tube dysfunction coexisting with other medical conditions: 
 
Craniofacial anomalies 
 
Down syndrome 
 
Underlying sensorineural hearing losses 
 
Other (e.g., patients undergoing hyperbaric therapy) 
 
Tympanic membrane abnormalities (e.g., severe retraction, atelectasis, impending ossicular chain erosion, or 
cholesteatoma) 
 

 
 
Many other syndromes with associated craniofacial abnormalities are also associated with severe eustachian tube dysfunction, as well as underlying conductive and sensorineural hearing loss. One would consider tympanostomy tube 
placement earlier and for a longer term in these patients, as a fluctuating conductive hearing loss can make rehabilitative efforts in these children more difficult.

Suppurative complications of acute otitis media.

Placement of a short-term tympanostomy tube may be warranted as an adjunctive measure when treating complications such as mastoiditis, facial paralysis, or intracranial otogenic infections. Tympanostomy tubes provide more consistent 
and longer-lasting drainage of the middle ear than simple myringotomy.

Severe tympanic membrane retraction with hearing loss, impending cholesteatoma formation, or ossicular chain erosion.

Untreated tympanic membrane atelectasis is frequently complicated by cholesteatoma formation and erosion of the long process of the incus. The former can lead to a host of complications, and the latter to a permanent conductive hearing 
loss. The retraction-atelectasis of the tympanic membrane may be reversed by early tympanostomy tube placement.

Hyperbaric oxygen therapy.

Presswood and others[120] looked at rates of middle ear complications with hyperbaric oxygen therapy. Of patients undergoing hyperbaric oxygen therapy, 45% had middle ear complications including severe pain, hemotympanum, and OME. 
This rate increases to 94% of patients who required an artificial airway during therapy and presumably could not equalize middle ear pressure during the "dive." Tympanostomy tube placement effectively prevents these difficulties and 
should be considered for routine use in these patients.

Perioperative Considerations

Preoperative evaluation.

An accurate history is obviously important, and a parent's narrative regarding the frequency and severity of the otitis media should be corroborated with the medical record, as parents are prone to exaggeration when describing the level of 
otitis burden in their children.[1] Age-appropriate audiometry should be performed preoperatively when feasible because there is a small but significant incidence of unsuspected sensorineural hearing loss in these patients. [94] Furthermore, 
confirmatory audiograms should be obtained preoperatively for those patients undergoing tympanostomy tube placement primarily for hearing loss, because some children with uncomplicated effusion may have normal hearing.
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Anesthesia for tympanostomy tube placement.

Nearly all younger children and a large percentage of older children require a general anesthetic for tympanostomy tube placement. A sedative premedication, such as midazolam, may be given to smooth out an inhalational anesthetic 
induction. A volatile agent, typically halothane, is used for induction. Sevoflurane, an agent approved for pediatric use in the United States, may lessen the need for premedication because it produces a very rapid induction and is not as 
noxious and thus much better tolerated than halothane during non-premedicated inhalational inductions. Avoidance of premedicating agents is desirable because it allows for a faster emergence and shorter times in the recovery units. An 
intravenous line is started at the option of the anesthesiologist. During the procedure, the patient's airway is maintained via a face mask and oral airway, although a laryngeal mask airway may be superior in terms of reducing episodes of 
hypoxia and producing a quieter field for the surgeon. Recovery is generally quite rapid and the procedure is routinely performed on an outpatient basis.

Some patients may require only local anesthesia for tympanostomy tube placement. Prerequisites include a cooperative child who can lie still for several minutes and favorable ear anatomy including a large ear canal and a tympanic 
membrane that will not require much manipulation (as is sometimes necessary in cases of tympanic membrane atelectasis). Since many adults and nearly all children do not tolerate subcutaneous infiltration of local anesthetics through even a 
very small needle, the procedure utilizes topical anesthesia. Topical anesthetic options include phenol, topical tetracaine-base powder suspended in alcohol, lidocaine delivered with iontophoresis, and a eutectic mixture of lidocaine and 
prilocaine.



Concentrated phenol applied to the tympanic membrane rapidly produces anesthesia and blanching. The tympanic membrane can then be incised and the tube inserted. The degree of anesthesia, in our experience, is frequently insufficient to 
allow for a painless myringotomy. Phenol may cause perforations in a few cases. [90] 

Tetracaine powder is easily suspended in a few drops of alcohol and applied topically to the tympanic membrane. It produces anesthesia comparable to phenol in both degree and rapidity. It will not anesthetize the skin of the bony ear canal, 
so, as with phenol, skill is required to avoid touching the canal walls.

With the iontophoresis technique, an 80:20 mixture of 4% lidocaine and 1:1000 epinephrine is instilled into the ear canal. An electrode is applied to the ear canal, and a second grounding electrode is applied to an extremity. A small electric 
current supplied by a battery-powered device is applied for 10 minutes. Frequently an unpleasant tingling sensation occurs for the first few minutes, and occasionally this is severe enough to require termination of the procedure. After 10 
minutes, the anesthesia is usually excellent unless the tympanic membrane is acutely inflamed. Tympanostomy tube placement proceeds in the usual fashion.

A third technique involves filling the medial ear canal with a eutectic mixture of lidocaine and prilocaine and allowing it to sit for an hour. The cream is removed with suction and the tube inserted. A recent clinical trial suggested this 
technique produced better anesthesia than phenol.[90] 

Tympanostomy tube selection.

The ideal tympanostomy tube would be easy to insert, remain in situ as long as desired, be easily removed in the office without anesthesia, and be associated with few complications. The large array of tympanostomy tubes currently marketed 
suggests such a tube does not exist. Rarely are clinical trials performed to support the claims of superiority. One example is the titanium tympanostomy tube, which was touted to be a superior material because its light weight would produce 
fewer acoustic effects, and its surface could be highly polished, which would decrease bacterial and mucus adherence. When actually studied, however, these tubes were found to have more difficulties with infection and granulation tissue 
than the less high-tech alternatives.[142] One tube that has undergone clinical testing is the silver-oxide coated tympanostomy tube, which in a randomized trial showed significantly lower rates of otorrhea than noncoated tubes. [23] 

Most tympanostomy tubes are variations of the grommet or the T-tube, and, generally speaking, the larger and stiffer the flange, the longer the tube remains in situ. Small-flanged grommet tubes, such as the Donaldson tube, generally remain 
in place for 6 months to a year and are associated with a low rate of tympanic membrane perforation, usually less than 5%. Tympanostomy tubes of this genre should be considered for most cases of tympanostomy tube placement in 
otherwise healthy children, where spontaneous improvement of the otitisprone status is expected within that time frame.

The T-tube deserves special mention. It will remain in situ for extended periods of time when designed with long, stiff, flanges, and is one of the few tubes that is easily removed in the office without an anesthetic, and thus could potentially 
serve as both a long- or short-term tube. The disadvantage of this tube is the high rate of perforation frequently reported, as mentioned below. The perforation rate can be reduced to less than 10% if a short-flanged T-tube of soft silicone is 
used, although the rate of spontaneous extrusion is somewhat higher with this configuration. Using a
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longer lasting tube, such as a T-tube, may significantly reduce the necessity of reinsertion,[163] and this may outweigh the drawback of a higher rate of perforation in some instances. T-tubes are appropriate for certain situations, such as in 
patients with craniofacial anomalies where a long-term tube is desirable, as an "emergency" tube in an anatomically difficult ear if the flanges are trimmed to be very short, or even in somewhat more routine instances such as a young, 
severely affected child with many risk factors who is more likely to have long-term difficulties. They have a great advantage over other tubes in that they are easily removed in the office without an anesthetic.

Insertion technique.

A binocular operating microscope should be used. A myringotomy is performed in the anterior portion of the tympanic membrane to avoid the acoustically sensitive posterior portion of the drum. Classic dogma states that a radial incision is 
less damaging to the tympanic membrane and that tympanostomy tubes will be retained longer if placed in the anterosuperior quadrant. A study by Guttenplan and others [62] showed no difference in tympanic membrane sequelae with radial or 
circumferential incisions, and April and others[3] showed no difference in retention time based on location of incision. These studies are important because it is sometimes easier to insert a tympanostomy tube using a circumferential incision 
and, if a tympanic membrane perforation does occur, it is more easily managed in the anteroinferior than the anterosuperior quadrant.

Antibiotic drops.

As discussed later in this chapter, ototopical antibiotic drops can be considered in the immediate postoperative period in an effort to reduce postoperative otorrhea, particularly when there was a mucoid effusion present during tympanostomy 
tube placement.

Swimming.

No consensus exists as to whether patients with tympanostomy tubes should be permitted to swim and, if so, whether earplugs are necessary. Gates, Avery, and Prihoda[51] found the incidence of otorrhea in school-aged children to be 
significantly higher in the summer months, possibly related to swimming. Prospective studies[8] [113] found no difference in rates of otorrhea in patients who did or did not swim, or swam with or without earplugs. These studies suggest that 
earplugs are ineffective for swimming, as well as for high-risk situations such as deep diving or water-skiing.

Follow-up.

Patients with a hearing loss documented or suspected preoperatively should have a follow-up hearing test to assure a return to normalcy or to guide further intervention for the loss. Assuming no other problems supervene, the ears should be 
examined at least twice yearly to assess the status of the tympanostomy tube and tympanic membrane. Given the risk for developing serious complications of the tympanic membrane such as perforation, tympanic atelectasis, and 
cholesteatoma, ears should be checked by a practitioner skilled at recognizing these abnormalities and their significance at least yearly until the tympanostomy tube is out, the tympanic membrane is healed, and healthy status of the tympanic 
membrane and middle ear is confirmed.

Retained tympanostomy tubes.

In some instances, it is desirable to remove a tympanostomy tube. Indications include chronic otorrhea, granuloma formation, tube blockage, migration of the tube into the middle ear, and when external ventilation of the middle ear is no 
longer likely to be necessary.[28] The latter indication can be extremely difficult to determine. The T-tube can be easily removed without an anesthetic. Other tympanostomy tubes, particularly stiff-flanged grommet tubes, will require a general 



anesthetic for removal in most children.

Complications

A summary of complications is listed in Table 200-3 .

Anesthetic complications.

The overwhelming majority of tympanostomy tubes are placed in children who require a general anesthetic and this carries risk. While newer techniques, pharmacological agents, and monitoring standards have made anesthesia 
administration safer and less traumatic, the potential for a catastrophic anesthetic-related incident is still around 1:40,000.[153] The alternative is local anesthesia, which may be suitable for some older children. One runs the risk of direct trauma 
to the ear with local anesthetics if the patient moves unexpectedly, although risk can be minimized with patience and experience.

Otorrhea.

Otorrhea of variable duration is the most common complication after tympanostomy tube placement, and will occur at some point during the life of the tympanostomy tube for as many as 50% of patients,[92] although others report lower rates.
[68] It is more likely to occur in children younger than 2 years of age and, in this age group, it is more likely to follow an upper respiratory infection.[31] Samuelson, Freijd, and Rynnel-Dagoo[135] found a much higher risk of otorrhea after 
tympanostomy tube placement in children with nasopharyngeal Haemophilus influenzae colonization. Otorrhea usually has a trivial health impact and is easily treated, although Herzon [68] reported a 3.5% rate of persistent otorrhea.

Otorrhea can be classified as "early" or "late," depending on time of onset. Early otorrhea occurs when tympanostomy tubes are inserted while the mucosa of the middle ear is in a hypersecretory phase, such as during an active infection. The 
results
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TABLE 200-3 -- COMPLICATIONS OF TYMPANOSTOMY TUBES

Complication Study Frequency (%)

Anesthetic catastrophe All cited None reported * 

Otorrhea One or more episodes Mandel, Casselbrant, and Kurs-Lasky[92] 50

 Herzon[68] 21.4

 Herzon[68] •3.5

Myringosclerosis Bonding and Tos[14] 48

 Brown, Richards, and Ambegaokar[18] 42

 Pichichero, Berghash, and Hengerer[117] 52

Chronic perforations Curley[29] •1

 Matt and others[95] •2 (grommet)

 Matt and others[95] 13–18 (T-tube)

 Hawthorne and Parker[63] 30 (T-tube)

Focal atrophy Brown, Richards, and Ambegaokar[18] 13

 Karma, Sipila, and Kokko[79] 18.4

 Karma, Sipila, and Kokko[79] •1 † 

General anesthesia to remove tubes Curley[29] •1

Grommet lost in middle ear Curley[29] •0.1
*Severe organ system damage, cardiac arrest, or death in children as a result of general anesthesia can be expected to occur at a rate of about 1 in 40,000 cases (Tiret and others[153] ). 
†This represented two cholesteatomas, neither of which occurred at the site of or as a result of tympanostomy tube placement. 

 
 
 
of randomized studies are mixed, but a recent meta-analysis suggested a decrease in the incidence of early otorrhea when antibiotic drops are applied topically in the postoperative period.[46] Early otorrhea does not seem to be decreased when efforts are made to use sterile technique during insertion. [81] [138] Late otorrhea is seen in at least 25% of patients after tympanostomy tube placement[50] and generally represents reinfection of the middle 
ear either as an ascending infection from the nasopharynx, frequently associated with an upper respiratory tract infection, or from nasopharyngeal reflux through the eustachian tube, or as a result of contamination of the middle ear from the ear canal.

The bacteriology of otorrhea is age- and duration-related.[92] [137] "Fresh" otorrhea in children under 3 years of age is usually associated with the same organisms causing acute otitis media behind intact tympanic membranes: pneumococcus, 
haemophilus, and Moraxella species. Persistent otorrhea and otorrhea in older children usually contain gram negative bacilli, such as pseudomonas, and gram positives such as staphylococci. Initial treatment is usually empiric, consisting of 
an oral antibiotic for staphylococci and a topical otic or ophthalmologic antibiotic preparation with activity against pseudomonas.

Otorrhea not responding to one or more rounds of the usual therapies should be cultured after all antibiotics have been stopped for a few days. If yeast is the predominant organism, antibacterial antibiotics should not be resumed and the ear 
can either be observed or topical anticandidal drops can be used. If no good oral agent is available for bacterial infections, topical agents can be more vigorously instilled with a displacement medicine dropper. If this fails, options include a 
course of intravenous antibiotics, removal of the tympanostomy tube, and simple mastoidectomy with antral catheter placement for antibiotic irrigation. Otorrhea may recur after any of these treatments, and an evaluation for an 



immunodeficiency state should be considered in these instances.

Intravenous antibiotics are very effective, at least temporarily, and have the advantage of treating both ears if the process is bilateral. Drawbacks include the cost and the burden of maintaining intravenous access and administering the 
medications (especially for a multidrug regimen requiring periodic serum concentration testing) during a 10-day to 2-week course, particularly in the home setting for a pediatric patient.

Tympanostomy tube removal represents the least invasive alternative. The best candidates for this procedure are patients who develop otorrhea in a long-retained tympanostomy tube after an extended infection free period. In these patients, 
the tympanostomy tube itself may have incited a foreign body
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reaction, with granulation tissue and infection. In other instances, tube removal runs the risk of converting a draining middle ear to one of the forms of intactdrum otitis media with all the attendant morbidities.

Simple mastoidectomy—with catheter placement for antibiotic instillation—represents a reasonable alternative to intravenous antibiotic therapy in terms of cost and convenience if the process is unilateral. The procedure can be performed as 
an outpatient, the catheter is easily maintained, and the process is generally well tolerated.[24] The disadvantages include the surgical risks and the perception that the procedure is more invasive. A schema for managing otorrhea is diagrammed 
in the Figure 200-3 .

Myringosclerosis.

Tympanosclerotic plaques within the tympanic membrane have been noted in 40 to more than 50% of tympanic membranes after tympanostomy tubes,[14] [117] which is much higher than one would expect from a history of recurrent otitis media 

 
Figure 200-3 A schema for managing otorrhea. 
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Chapter 201 - GENETIC SENSORINEURAL HEARING LOSS

Murad Husein 
Richard J.H. Smith 

INTRODUCTION

Congenital hearing loss in the human population is relatively common; its incidence approximates 1 in 1000 live births, and its cause is multifactorial, although an estimated 50% of cases are genetic.[67] As our understanding of the genetics of 
deafness increases, the role of the otolaryngologist in diagnosing, interpreting, and managing this form of hearing loss has mandated that we have a basic understanding of genetics. The goal of this chapter is to provide an introduction to the 
genetics of hearing loss. An overview of the fundamentals of genetics is followed by a synopsis of syndromic and nonsyndromic deafness. The final section focuses on the clinical approach to the child with suspected genetic deafness.

BACKGROUND

Classification of Hearing Impairment

There are a number of ways to describe hearing impairment. Descriptive classifications can be based on the type of loss (sensorineural, conductive, or mixed), progression, frequencies involved, severity, or time of onset (congenital, early 
onset, or late onset); etiologically based classifications can be broadly divided into genetic vs nongenetic factors. This distinction is important, because hereditary deafness does not imply congenital deafness, the latter describing a condition 
present from birth regardless of causality. Hereditary deafness may be present at birth or develop any time thereafter. In general, when discussing hereditary deafness, a clinically based classification reflecting the presence or absence of 
coinherited anomalies—that is, syndromic or nonsyndromic deafness—is most useful. Syndromic and nonsyndromic can be subclassified by inheritance pattern as autosomal dominant, autosomal recessive, X-linked, mitochondrial, or 
complex.

Historical Background

An Austrian monk named Gregor Mendel is considered the father of modern genetics. His work formulating the fundamentals of heredity by experimenting on the garden pea is well known to all school students. From this work, he 
postulated the principles of segregation and independent assortment, publishing these concepts in 1865. In the early 1900s, the impact of these ideas was recognized. Johannsen described the basic unit of heredity as the gene in 1909, and 
Oswald Avery showed that genes are composed of deoxyribonucleic acid (DNA) in 1944. In 1953, James Watson and Francis Crick described the physical structure of DNA, and 3 years later, the correct number of human chromosomes was 
confirmed to be 46. Sequencing these chromosomes was the goal of the Human Genome Project, initiated in 1991 and completed with first-pass data in 2001. The impact of this project on medicine has been tremendous, with the field of 
genetic deafness being just one of many areas of medical science to have flourished. An up-to-date compilation of genes related to deafness can be found on the Hereditary Hearing Loss Homepage.[104] 

Fundamentals of Genetics

Each person has 46 chromosomes. Of these chromosomes, 44 are present as 22 pairs of autosomes; the remaining 2 are the sex chromosomes, XY in males and XX in females. According to Mendel's principle of segregation, in sexually 
reproducing organisms, each partner contributes only one member of each chromosome pair to an offspring. This fact means that each of us has inherited one copy of each chromosome from each parent. Carried on these chromosomes are 
our genes, estimated to number approximately 30,000. Variations in these genes impart to each of us our uniqueness. These variations, termed alleles, can at times be deleterious. For example, if a mutation occurs in the normal or wild-type 
sequence of a gene expressed in the inner ear and if the protein translated from this new allele variant does not function as well as the normal protein, deafness may result. However,
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if the remaining normal protein (recall that each gene is represented in duplicate) is able to cover for the abnormal protein, deafness will present only in those individuals who carry two copies of the abnormal gene. This scenario is an 
example of autosomalrecessive inheritance. On the other hand, if the abnormal protein interferes with the normal protein function, deafness will be present in a person carrying a single abnormal gene. This scenario is an example of 
autosomal-dominant inheritance ( Figure 201-1 demonstrates pedigrees for the various inheritance patterns).



In describing these inheritance patterns, we are describing a person's genotype or genetic makeup. The term homozygosity means that a person carries two identical alleles of a gene; heterozygosity represents the state in which a person carries 
two different variants of a given gene. The observable consequence that derives from an individual's genotype is his or her phenotype.[96] Often persons carrying identical genetic mutations will exhibit a spectrum of different phenotypic 
features. For example, not every person with Waardenburg syndrome type 1 has synophrys, premature graying of the hair, or heterochromia irides, a phenomenon called variable expressivity. In some cases, the phenotype can be so subtle as 
to be entirely absent, and the causative genetic mutation is then said to be incomplete or nonpenetrant. This occurrence can given the impression that a disease "skips" generations.[47] 

Patterns of Inheritance

The basic forms of inheritance can be Mendelian (single-gene inheritance—autosomal or X-linked), mitochondrial or complex (chromosomal, new mutations, germline mosaicism, genomic imprinting, polygenic, and multifactorial 
inheritance). We will discuss the first two; for the reader who interested in complex forms of inheritance, we recommend more appropriate texts.[47] [96] Punnett squares demonstrate the cross with both parents and allow probability estimates for 
the offspring ( Figure 201-2 ).

Autosomal Dominant

In autosomal-dominant diseases, heterozygotes will express the disease phenotype. The affected parent can pass either a disease allele or a normal allele to offspring, with the likelihood of each event being 0.5 or 50%. This fact means that 
50% of offspring will inherit the normal allele, and 50% will inherit the disease allele. In the case of dominant diseases, 50% of offspring will express the disease.

The implications of autosomal-dominant transmission are several. First, there is no sexual predilection for the disease phenotype; both males and females are equally likely to be affected and to transmit the disease allele to their offspring. 
Second, unless the disease gene is nonpenetrant, the disease will not skip generations. This type of transmission is called vertical transmission. Third, male-to-male (father-son) transmission is seen. This observation in a pedigree rules out 
mitochondrial or X-linked inheritance.

Autosomal Recessive

In contrast to autosomal-dominant inheritance, in autosomal-recessive inheritance, a homozygous genotype is necessary for expression of the disease phenotype. A homozygous parent will transmit the disease allele to all offspring, but 
offspring will not show the disease phenotype unless the other parent carries at least one mutant copy of the same gene. More frequently, however, neither parent is affected but both carry a single mutant gene, and by chance each passes this 
mutant copy on to the offspring. In this scenario, 25% of offspring will carry two mutant copies of the gene and express the disease phenotype; 50% of offspring will be carriers of a mutant copy (like the parents); and 25% of offspring will 
have two wild-type copies of the gene. As with autosomal-dominant diseases, there is no sexual predilection—both males and females are equally likely to be affected—but vertical transmission is rarely seen. Recessive diseases tend to be 
generation specific. If the disease is exceptionally rare, the likelihood of parental consanguinity, albeit distant, is high.

X-Linked Inheritance

X-linked inheritance may be either recessive or dominant. In recessive X-linked inheritance, females are unlikely to be affected, because a homozygous disease genotype is needed for the disease phenotype to manifest. However, 
heterozygous females do occasionally exhibit subtle aspects of the disease phenotype because of the phenomenon of X chromosome inactivation (the Lyon hypothesis). In each cell, only one of the two X chromosomes in females is active, 
and if X chromosome inactivation is entirely random, 50% of cells in a heterozygous female will express the disease-carrying X chromosome. Fortunately, through mechanisms that are not clearly understood, this process is not random, and 
inactivation of the mutated X chromosome is much higher than is inactivation of the normal X chromosome. Males, on the other hand, have only a single X chromosome and therefore always express the disease phenotype.

In a pedigree showing X-linked recessive inheritance, the trait is seen more frequently in males; there is no father-son transmission; affected fathers transmit the disease allele to all female offspring who in turn may have affected males 
("skipped generation"); and heterozygous females transmit the disease allele
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Figure 201-1 A, Pedigree illustrating autosomal-dominant inheritance. The inheritance pattern demonstrates vertical transmission of the affected phenotype including father-to-son transmission. There are no skipped generations. B, Pedigree 
of autosomal recessive inheritance. Note the disease phenotype is not usually seen in the parents or other ancestors. Likelihood of affected males to females is equal. Refer to Punnett square in Figure 201-2 for estimating risks for recessive 
inheritance in heterozygous parents. C, Pedigree of X-linked recessive inheritance. The disease phenotype is present with one disease allele in the male but requires a homozygous genotype to be expressed in the female. D, Pedigree 
illustrating mitochondrial inheritance. Note the maternal transmission of the affected phenotype. There is no paternal transmission. 



 

Figure 201-2 Punnett squares may be used to estimate inheritance probabilities for Mendelian inheritance patterns. This Punnett square illustrates the mating of two individuals who are heterozygous carriers of an autosomal-recessive gene. 
The cross demonstrates that there is a 25% chance of having a child with the recessive phenotype (aa), 50% chance of having a child that carries the recessive allele but is not affected (Aa), and a 25% chance the child does not carry the 
recessive allele (AA). 

 

TABLE 201-1 -- WS SUBTYPES



Type Location Gene Reference

WS type I 2q35 PAX3 Tassabehji and others, 1992

WS type II 3p14.1-p12.3 MITF Tassabehji and others, 1992

WS type II  SLUG Sanchez-Martin and others, 2002

WS type III 2q35 PAX3 Hoth and others, 1993

WS type IV 13q22 EDNRB Attie and others, 1995

WS type IV 20q13.2-q13.3 EDN3 Edery and others, 1996

WS type IV 22q13 SOX10 Pingault and others, 1998

Adapted from Van Camp G, Smith RJH: Hereditary Hearing Loss Homepage, http://dnalab-www.uia.ac.be/dnalab/hhh/
 
Treacher-Collins Syndrome

Treacher-Collins syndrome is an autosomal-dominant syndrome characterized by abnormalities of craniofacial development. The phenotype includes maldevelopment of the maxilla and mandible, with abnormal canthi placement, ocular 
colobomas, choanal atresia, and conductive hearing loss secondary to ossicular fixation. The causative gene is TCOF, which encodes for the protein treacle. [63] 

Autosomal-Recessive Syndromic Hearing Impairment

Pendred Syndrome

Pendred syndrome (PS), the association of congenital deafness with thyroid goiter, was described by Vaughan Pendred in 1896.[56] [95] Inheritance is autosomal recessive,[95] and disease prevalence is estimated at 7.5 to 10 per 100,000 persons, 
suggesting that PS may account for up to 10% of hereditary deafness.[27] [58] The causative gene, SLC26A4, encodes for a 780-amino acid protein called pendrin that was identified in 1997 by Everett and others.[27] It functions as a chloride/iodide 
transporter[58] and is expressed in the inner ear, thyroid, and kidney.[56] 

Affected individuals have thyroid goiter develop in their second decade, although they usually remain euthyroid.[58] Thyroid dysfunction can be demonstrated with a perchlorate discharge test in which radioactive iodide and perchlorate are 
administered. Mutations in SLC26A4 prevent rapid movement of iodide from the thyrocyte to the colloid, and perchlorate blocks the Na/I symporter that moves iodide from the bloodstream into the thyrocyte. The net effect is that iodide in 
the thyrocyte washes back into the bloodstream in affected persons, with a release of >10% radioactivity considered diagnostic for PS.[9] [56] [95] Unfortunately the sensitivity of this test is not very high,[95] making genetic testing the preferred 
diagnostic method. The hearing impairment is usually prelingual, bilateral and profound, although it can be progressive.[95] Radiologic
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studies always show a temporal bone anomaly, either dilated vestibular aqueducts (DVAs) or Mondini dysplasia.[76] [95] 

Mutations in SLC26A4 also cause a type of nonsyndromic autosomal-recessive deafness called DFNB4. Whether the phenotype is syndromic or nonsyndromic may reflect the degree of residual function in the abnormal protein.[56] By 
screening this gene for mutations, both PS and DFNB4 can be diagnosed.

Jervell and Lange-Nielsen Syndrome

In 1957, Jervell and Lange-Nielsen described a syndrome characterized by congenital deafness, prolonged QT interval, and syncopal attacks.[57] Long QT syndrome itself can be dominantly or recessively inherited. The dominant disease is 
called Romano-Ward syndrome. It is more common and does not include the deafness phenotype.[57] The recessive disease is Jervell and Lange-Nielsen syndrome (JLNS). Long-QT also can be acquired, usually as a result of pharmacologic 
therapy.

JLNS is genetically heterogeneous with mutations in KVLQT1 and KCNE1 both causing this phenotype.[51] [92] These genes encode for subunits of a potassium channel expressed in the heart and inner ear.[92] Hearing impairment is due to 
changes in endolymph homeostasis caused by malfunction of this channel[7] [51] and is congenital, bilateral, and severe to profound. Although the prevalence of JLNS among children with congenital deafness is only 0.21%,[71] it is an important 
diagnosis to consider because of its cardiac manifestations. The prolonged QT interval can lead to ventricular arrhythmias, syncopal episodes, and death in childhood.[51] [71] Effective treatment with beta-adrenergic blockers reduces mortality 
from 71% to 6%.[71] 

 
TABLE 201-2 -- US SUBTYPES

Usher Type Subtype Gene Protein Location Hearing Loss Retinitis Pigmentosa

Usher I USH1A N/A N/A 14q32 Profound Early

 USH1B MYO7A Myosin VIIA 11q13.5 Profound Early

 USH1C USH1C Harmonin 11p15.1 Profound Early

 USH1D CDH23 Cadherin23 10q Profound Early

 USH1E N/A N/A 21q21 Profound Early

 USH1F PCDH15 Protocadherin15 10 Profound Early



Usher II USH2A USH2A Usherin 1q41 Sloping Adolescent

 USH2B N/A N/A 3p23-24.2 Sloping Adolescent

 USH2C N/A N/A 5q14.3-21.3 Sloping Adolescent

Usher III USH3 USH3A Clarin-1 3q24 Progressive Adult

Adapted from Van Camp G, Smith RJH: Hereditary Hearing Loss Homepage, http://dnalab-www.uia.ac.be/dnalab/hhh/
 
Usher Syndrome

The Usher syndromes (US) are a genetically and clinically heterogeneous group of diseases characterized by sensorineural hearing loss, retinitis pigmentosa, and often vestibular dysfunction.[25] [52] Prevalence is estimated at 4.4 per 100,000 in 
the United States,[6] with 3% to 6% of congenitally deaf persons carrying this diagnosis.[6] It is the cause of 50% of deaf-blindness in the United States.[51] 

Three clinical variants of US are recognized: types I, II and III. Type I is phenotypically distinguished by the presence of severe-to-profound congenital hearing loss, vestibular dysfunction, and retinitis pigmentosa that develops in childhood
[75] ; type II is distinguished by moderate-to-severe congenital hearing loss, with uncertainty related to progression, no vestibular dysfunction, and retinal degeneration that begins in the third to fourth decade[75] [83] [105] ; and type III is characterized 
by progressive hearing loss, variable vestibular dysfunction, and variable onset of retinitis pigmentosa.[75] [106] Within each subtype, there is genetic heterogeneity, and numerous subtypes are recognized, although the two most common forms 
are US type IB (USH1B) and USH2A,[25] [75] which accounts for 75% to 80% of the Usher syndromes.[73] USH1B accounts for 75% of US type I[108] and is caused by mutations in an unconventional myosin called MYO7A. USH2A is the most 
common form of US.[25] The USH2A gene encodes for a 1551-amino acid protein named usherin that is a putative extracellular matrix molecule[25] [26] ( Table 201-2 ).

X-Linked Syndromes

Alport Syndrome

Alport syndrome (AS) is a disease of type IV collagen that is manifested by hematuric nephritis, hearing
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impairment, and ocular changes. The inheritance pattern, although predominantly X linked (approximately 80%), can be autosomal recessive or dominant.[17] [43] [49] Prevalence is estimated at 1:5000 in the United States,[43] with a significant 
proportion of renal transplant patients having AS. Diagnostic criteria include at least three of the following four characteristics[77] : (1) positive family history of hematuria with or without chronic renal failure; (2) progressive high-tone 
sensorineural deafness; (3) typical eye lesion (anterior lenticonus, and/or macular flecks); and (4) histologic changes of the glomerular basement membrane of the kidney.

Type IV collagen is the major component of basement membranes and is formed by the trimerization of various combinations of six type IV collagen genes. Mutations in COL4A5, which encodes the 5 chain, are the cause of X-linked AS.[4] 
Deficiency of this protein results in complete or partial deficiency of the trimerized 3-4-5 complex in the basement membranes of the kidney, cochlea, and eye.[49] More than 300 diseasecausing mutations of 5 have been identified,[37] with 9.5% 
to 18% arising de novo.[37] [43] [77] 

The disease phenotype is more pronounced in males, as expected for X-linked diseases. Hematuria, either gross or microscopic, is the hallmark of disease, and all males ultimately have end-stage renal disease develop, although the rate of 
progression depends on the underlying mutation.[49] Ocular manifestations present in one third of patients and are characterized by anterior lenticonus, an anomaly in which the central portion of the lens protrudes into the anterior chamber of 
the eye causing myopia.[49] End-stage renal disease develops before age 30 in patients with anterior lenticonus. [43] Maculopathy and corneal lesions also may be found in patients with AS. Diffuse esophageal leiomyomatosis has been associated 
with deletion mutations of both COL4A5 and COL4A6. [49] [77] Hearing impairment is common in AS and is usually a symmetric, high-frequency sensorineural loss that can be detected by late childhood[49] and progresses to involve all 
frequencies. Pathogenesis is thought to be related to the loss of the 3-4-5 network, which  

TABLE 201-3 -- MITOCHONDRIAL SYNDROMES

Syndrome Hearing Loss Mutation

MELAS Hearing loss in 30% cases Heteroplasmic point mutation in tRNA gene:A3243G

  Heteroplasmic point mutation in tRNA gene:T3271C

NIDDM Third to fourth decade of life Heteroplasmic point mutation in tRNA gene:A3243G

MERRF Hearing loss in 50% of cases Large heteroplasmic duplications and deletions in mtDNA
 
is important for radial tension on the basilar membrane.[41] 

Diagnosis currently relies on clinical and histopathologic confirmation, although genetic confirmation can allow the stratification and prediction of severity of the disease phenotype.

Mitochondrial Syndromes

Mitochondrial diseases typically cause a phenotype in tissues with high energy demands, such as muscle, retina, brainstem, pancreas, and cochlea. [22] [102] The process by which mitochondrial diseases lead to sensorineural hearing loss is 
debated and is confounded by the demonstration that nuclear modifier genes have an impact on the outcome.[8] Syndromic mitochondrial diseases usually are multisystemic, with hearing loss present in 70% of affected persons. [22] Examples 
include MELAS (mitochondrial encephalopathy, lactic acidosis, and strokelike episodes) syndrome, MERRF (myoclonic epilepsy and red ragged fibers) syndrome, and Kearns-Sayre syndrome (KS) ( Table 201-3 ).

With MELAS syndrome, hearing loss is sensorineural, progressive, bilateral, and worse in the higher frequencies[23] [102] [111] ; temporal bone histopathologic findings demonstrate severe atrophy of the stria vascularis. [68] MERRF syndrome is 



characterized by hearing loss, ataxia, dementia, optic nerve atrophy, and short stature. Unlike MELAS and MERRF, which are caused by point mutations in the mitochondrial DNA (mtDNA), KS is caused by large duplications and deletions.
[23] [32] [42] [106] [111] First described in 1958, KS involves progressive external ophthalmoplegia, atypical retinal pigmentation, and heart block typically commencing before the age of 20.[21] [50] [62] Sensorineural hearing loss is present in 50% of patients 
with KS,[22] [23] and temporal bone histopathologic findings show cochleosaccular degeneration.[111] 

Maternally inherited diabetes and deafness is another syndromic mitochondrial disease. It affects an estimated 0.5% to 2.8% of diabetic patients. [40] The hearing loss occurs late and is progressive, bilateral, and high frequency; its presence is 
correlated with the level of heteroplasmy for the 3243A-to-G mtDNA mutation.[22] [102] 
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Susceptibility to aminoglycoside ototoxicity is also maternally inherited. It is caused by the 1555 A-to-G mtDNA mutation, a nucleotide change found in 17% to 33% of persons with aminoglycoside-induced hearing loss.[29] [79] [110] This 
mutation changes the 12S ribosomal RNA gene, altering its structure to make it more similar to bacterial rRNA, the natural target of aminoglycosides.[79] [110] Hearing loss develops even when aminoglycosides are administered at normal doses, 
with residual thresholds varying widely between individuals. Hearing losses can even be seen months after aminoglycoside exposure. [102] Outer hair cells in the basal turn of the cochlea are affected first, but damage eventually extends to 
include apical outer hair cells and inner hair cells.[29] Interestingly, the same mutation causes nonsyndromic mitochondrial hearing loss.[24] [102] 

NONSYNDROMIC HEARING IMPAIRMENT

Nonsyndromic hearing impairment, or deafness in the absence of other phenotypic manifestations, accounts for 70% of hereditary hearing loss.[60] Inheritance can be autosomal dominant (18%), recessive (80%), X-linked (2%), or 
mitochondrial,[60] and time of onset can be early (congenital) or late. Nomenclature is based on the prefix "DFN" to designate "nonsyndromic deafness." DFN followed by an "A" implies dominant inheritance; a "B" implies recessive 
inheritance, and no letter means X-linked inheritance. The integer suffix denotes the order of locus discovery. For example, DFNA1 and DFNB1 were the first autosomal-dominant and recessive nonsyndromic deafness loci, respectively, to 
be identified.

Autosomal-Dominant Nonsyndromic Hearing Impairment

To date, 51 loci for autosomal-dominant nonsyndromic deafness have been mapped, and 17 causative genes have been cloned ( Table 201-4 ).[104] Generally, the onset of deafness is postlingual, progressive, and milder, with several loci having 
characteristic audio profiles.[61] [74] 

Autosomal-Recessive Nonsyndromic Hearing Impairment

Autosomal-recessive nonsyndromic hearing impairment is usually prelingual and severe to profound across all frequencies.[97] Thirty-nine loci have been mapped, and 17 causative genes have been cloned.[104] 

DFNB1

In 1994, Guilford and others mapped the first autosomal-recessive nonsyndromic deafness locus to 13q12-13 and called it DFNB1.[39] Three years later, Kelsell and others identified the DFNB1 gene as a gap junction gene called GJB2.[53] The 
encoded protein, connexin 26 (Cx26), oligermizes with five other connexin proteins to form a connexon; the docking of two connexons in neighboring cells results in a gap junction[78] ( Figure 201-3 ). Within the inner ear, Cx26 connexons 
are believed to be essential for potassium ion recycling, a role consistent with the expression of GJB2 in the stria vascularis, nonsensory epithelial cells, spiral ligament, and spiral limbus.[45] Mutations in the GJB2 gene have been shown to 
cause altered functionality of the connexin 26 gap junctions.[13] [18] 

Quite serendipitously, mutations in GJB2 have been demonstrated to cause 50% of autosomal-recessive  

TABLE 201-4 -- AUTOSOMAL DOMINANT NONSYNDROMIC LOCI

Locus Name Location Gene Most Important Reference

DFNA1 5q31 HDIA1 Leon and others, 1992; Lynch and others, 1997

DFNA2 1p34 GJB3/KCNQ4 Coucke and others, 1994; Xia and others, 1999

   Kubisch and others, 1999

DFNA3 13q12 GJB2/GJB6 Chaib and others, 1994; Denoyelle and others, 1998; Grifa and others, 1999

DFNA4 19q13  Chen and others, 1995

DFNA5 7p15 DFNA5 Van Camp and others, 1995

   Van Laer and others, 1998

DFNA6 4p16.3 WFS1 Lesperance and others, 1995; Bespalova and others, 2001; Young and others, 2001

DFNA7 1q21-q23  Fagerheim and others, 1996

DFNA8 11q22-24 TECTA Kirschhofer and others, 1996

   Verhoeven and others, 1998

DFNA9 14q12-q13 COCH Manolis and others, 1996

   Robertson and others, 1998

DFNA10 6q22-q23 EYA4 O'Neill and others, 1996;



   Wayne and others, 2001

DFNA11 11q12.3-q21 MYO7A Tamagawa and others, 1996

   Liu and others, 1997

DFNA12 11q22-q24 TECTA Verhoeven and others, 1997

   Verhoeven and others, 1998

DFNA13 6p21 COL11A2 Brown and others, 1997

   McGuirt and others, 1999

DFNA14 4p16 WFS1 Van camp and others, 1999; Bespalova and others, 2001; Young and others, 2001

DFNA15 5q31 POU4F3 Vahava and others, 1998

DFNA16 2q24  Fukushima and others, 1999

DFNA17 22q MYH9 Lalwani and others, 1999

   Lalwani and others, 2000

DFNA18 3q22  Bonsch and others, 2001

DFNA19 10   

DFNA20 17q25  Morell and others, 2000

DFNA21 6p21  Kunst and others, 2000

DFNA22 6q13 MYO6 Melchionda and others, 2001

DFNA23 14q21-q22  Salam and others, 2000

DFNA24 4q  Hafner and others, 2000

DFNA25 12q21-24  Greene and others, 1999

DFNA26 17q25  Yang and others, 2000

DFNA27 4q12  Fridell and others, 1999

DFNA28 8q22 TFCP2L3 Anderson and others, 1999

   Peters and others, 2002

DFNA29   Reserved

DFNA30 15q25-26  Mangino and others, 2001

DFNA31   Withdrawn

DFNA32 11p15  Li and others, 2000

DFNA33   Reserved

DFNA34 1q44  Kurima and others, 2000

DFNA35 14q24.1-24.3  Ansar and others, 2003

DFNA36 9q13-q21 TMC1 Kurima and others, 2002

DFNA37 1p21  Talebizadeh and others, 2000

DFNA38   See DFNA6/14

DFNA39 4q21.3 DSPP Xiao and others, 2001

DFNA40 16p12  Reserved

DFNA41 12q24-qter  Blanton and others, 2002

DFNA42 4q28   

DFNA43   Reserved

DFNA44 3q28-29  Modamio-Hoybjor and others, 2003

DFNA45-50   Reserved

DFNA51 9q21   

Adapted from Van Camp G, Smith RJH: Hereditary Hearing Loss Homepage, http://dnalab-www.uia.ac.be/dnalab/hhh/
 



nonsyndromic deafness is many world populations.[88] More than 90 deafness-causing mutations are described, with several being very common in specific ethnic groups.[55] For example, the 35delG mutation predominates in populations of 
European descent[11] ; this mutation has a carrier frequency in the mid-Western United States of 2.5%.[35] In the Ashkenazi Jewish population, in contrast, the most common mutation is the 167delT; its carrier frequency is approximately 4%.[66] 
In Japanese populations, the
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TABLE 201-5 -- AUTOSOMAL RECESSIVE NONSYNDROMIC LOCI

Locus Name Location Gene Most Important Reference

DFNB1 13q12 GJB2 Guilford and others, 1994; Kelsell and others, 1997

DFNB2 11q13.5 MYO7A Guilford and others, 1994; Liu and others, 1997

   Weil and others, 1997

DFNB3 17p11.2 MYO15 Friedman and others, 1995; Wang and others, 1998

DFNB4 7q31 SLC26A4 Baldwin and others, 1995; Li and others, 1998

DFNB5 14q12  Fukushima and others, 1995

DFNB6 3p14-p21 TMIE Fukushima and others, 1995; Naz and others, 2002

DFNB7 9q13-q21 TMC1 Jain and others, 1995; Kurima and others, 2002

DFNB8 21q22 TMPRSS3 Veske and others, 1996; Scott and others, 2001

DFNB9 2p22-p23 OTOF Chaib and others, 1996; Yasunaga and others, 1999

DFNB10 21q22.3 TMPRSS3 Bonne-Tamir and others, 1996

   Scott and others, 2001

DFNB11 9q13-q21 TMC1 Scott and others, 1996; Kurima and others, 2002

DFNB12 10q21-q22 CDH23 Chaib and others, 1996; Bork and others, 2001

DFNB13 7q34-36  Mustapha and others, 1998

DFNB14 7q31  Mustapha and others, 1998

DFNB15 3q21-q25;19p13  Chen and others, 1997

DFNB16 15q21-q22 STRC Campbell and others, 1997; Verpy and others, 2001

DFNB17 7q31  Greinwald and others, 1998

DFNB18 11p14-15.1 USH1C Jain and others, 1998; Ahmed and others, Human Genetics Online

DFNB19 18p11  Molecular Biology of Hearing/Deafness meeting Bethesda, October 1998 (Green and others)

DFNB20 11q25-qter  Moynihan and others, 1999

DFNB21 11q TECTA Mustapha and others, 1999

DFNB22 16p12.2 OTOA Zwaenepoel and others, 2002

DFNB23 10p11.2-q21  Richard Smith, unpublished

DFNB24 11q23  Richard Smith, unpublished

DFNB25 4p15.3-q12  Richard Smith, unpublished

DFNB26 4q31  Riazuddin and others, 2000

DFNB27 2q23-q31  Pulleyn and others, 2000

DFNB28 22q13  Walsh and others, 2000

DFNB29 21q22 CLDN14 Wilcox and others, 2001

DFNB30 10p12.1 MYO3A Walsh and others, 2002

DFNB31 9q32-q34  Mustapha and others, 2002

DFNB32 1p13.3-22.1  Hamadi Ayadi, unpublished

DFNB33 9q34.3  Medlej-Hashim and others, 2002

DFNB(34, 35, 36, 37, 38, 39)   Reserved

Adapted from Van Camp G, Smith RJH: Hereditary Hearing Loss Homepage, http://dnalab-www.uia.ac.be/dnalab/hhh/



 
235delC is the most common deafness-causing allele variant of GJB2.

The DFNB1 auditory phenotype is varied, although homozygosity for protein truncating mutations is generally associated with impaired gap junction activity and moderate-to-profound deafness.[13] [55] With missense mutations, the degree of 
residual hearing can be substantially greater.[55] Most frequently, the loss is symmetric between ears and does not progress over the long term. Temporal bone anomalies are not part of the DFNB1 phenotype, obviating the need for routine 
temporal bone imaging.

Genetic testing is available to diagnose GJB2-related deafness and is warranted, because the relative contribution of this gene to the total genetic deafness mutation load is high. Mutation screening facilitates genetic counseling and 
recurrence chance prediction. It also provides prognostic information, because several studies have shown that cochlear implant recipients with GJB2-related deafness do very well.[34] 
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Figure 201-3 Diagram of a gap junction and its constituents. A, Three-dimensional view of a connexon hexamer composed of six connexin monomers. B, Three-dimensional view of a gap junction composed of two connexons in adjacent 
cells. Small molecules can pass through the gap junction from one cytoplasm to another without having to cross two cell membranes. 

 

TABLE 201-6 -- X-LINKED NONSYNDROMIC LOCI

Locus Name Location Gene Most Important References

DFN1 (Now considered to be a syndromic deafness gene) Xq22 DDP Tranebjaerg and others, 1995; Jin and others, 1996

DFN2 Xq22  Tyson and others, 1996

DFN3 Xq21.1 POU3F4 De Kok and others, 1995

DFN4 Xp21.2  Lalwani and others., 1994

DFN5   Withdrawn

DFN6 Xp22  del Castillo and others, 1996

DFN7   Withdrawn

DFN8   Reserved

Adapted from Van Camp G, Smith RJH: Hereditary Hearing Loss Homepage, http://dnalab-www.uia.ac.be/dnalab/hhh/
 
stapes fixation with radiologic findings that include widening of the lateral internal auditory canal and dilation of the vestibule.[31] Hearing loss is usually mixed, and stapedectomy is typically attended by a perilymph gusher.[15] The hearing 
impairment associated with the other loci is variable.[20] [59] 

Mitochondrial Nonsyndromic Hearing Impairment

Mitochondrial nonsyndromic deafness can be caused by various mtDNA mutations, although the 1555 A-to-G mtDNA has been best characterized ( Table 201-7 ).
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As mentioned earlier, this mutation also is associated with aminoglycoside ototoxicity. As a cause of nonsyndromic deafness, the phenotype is similar to aminoglycoside ototoxicity with a mild, high-frequency loss that demonstrates 



progression.[103] The loss is generally of later onset in individuals who have not been exposed to aminoglycosides.[24] 

Presbycusis or age-related deafness also may have a mitochondrial basis.[14] [22] [30] [42] Because mtDNA mutations accumulate at several times the rate of nuclear DNA mutations, mitochondrial function ultimately may be impaired, resulting in 
age-related cochlear dysfunction. [22] In support of this hypothesis, an increase in the mtDNA mutation load has been demonstrated in aged cochlea.[42] 

PATIENT MANAGEMENT

The evaluation of the deaf patient should include a team of health care professionals that includes an audiologist, clinical geneticist, ophthalmologist, and otolaryngologist, with the otolaryngologist most frequently coordinating overall care. 
A well-performed history, physical examination, and audiologic evaluation are keys to assessing the cause of hearing loss and may aid in ascertaining etiology. [36] The American College of Medical Genetics recently released genetic 
evaluation guidelines for the diagnosis of congenital hearing loss. [28] Specific details of the family history that should be covered include a pedigree with attention to consanguinity and hearing status of first-degree relatives. Ethnicity, 
inheritance patterns, audiometric characteristics, and an inquiry of syndromic vs nonsyndromic features are necessary.[28] To assess for the presence of a syndrome related to hearing loss, questions and physical examination regarding 
endocrine abnormalities (diabetes, thyroid nodules), pigmentary anomalies (white forelock, heterochromic irides), visual anomalies (retinitis pigmentosa, retinal  

TABLE 201-7 -- MITOCHONDRIAL NONSYNDROMIC LOCI

Gene Mutation Additional Symptoms References

12S rRNA 1555A->G None proven Prezant and others, 1993; Usami and others, 1997; Estiville and others, 1998

tRNASer(UCN) 7445A->G Palmoplantar keratoderma Reid and others, 1994; Fischel-Ghodsian and others, 1995; Sevior and others, 1998

 7472insC Neurologic dysfunction, including ataxia, dysarthria, and 
myoclonus

Tiranti and others, 1995; Jaksch and others, 1998a; Jaksch and others, 1998b; Schuelke and others, 1998; 
Verhoeven and others, 1999

 7511T->C None reported Friedman and others, 1999; Sue and others, 1999

Adapted from Van Camp G, Smith RJH: Hereditary Hearing Loss Homepage, http://dnalab-www.uia.ac.be/dnalab/hhh/
 
detachment), craniofacial anomalies (dystopia canthorum, aural atresia, cleft palate, branchial anomalies), cardiac manifestations (syncope, arrhythmias, sudden death), and renal anomalies should be performed.[28] [99] The patient history and 
physical examination also should include a search for acquired causes of hearing loss such as intrauterine infections, meningitis, hypoxia, and ototoxic drugs.

The audiologic evaluation is a crucial part of the initial diagnostic workup. In infants, behavioral testing is often impossible. Electrophysiologic tests such as auditory brainstem response (ABR) and otoacoustic emissions (OAE) provide a 
means of objectively documenting hearing impairment and can be used to provide information regarding auditory thresholds. Behavioral tests can be used once the infant reaches the age of at least 6 months. A trained pediatric audiologist 
can measure hearing losses as little as 20 dB in the better hearing ear. The frequency of testing is usually decided on a case-by-case basis, although Tomaski and Grundfast recommend a more rigid schedule in cases of confirmed 
sensorineural hearing loss in children.[100] They recommend testing every 3 months in the first year of life, followed by every 6 months during the preschool years, and once a year while in school.

Even after a thorough history and physical examination, no cause of hearing loss may be apparent in 30% of cases.[28] To increase the yield further, additional investigations become necessary. In the past, a battery of tests including thyroid 
function studies, urinalysis, electrocardiogram, and temporal bone imaging was routinely ordered.[16] Today, genetic screening should supplant these tests. Screening for GJB2 mutations should be completed; if the diagnosis of DFNB1 is 
made, further testing is not required.[87] If computed tomography shows DVA or Mondini dysplasia, mutation screening of SLC26A4 is warranted. Acquired
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congenital deafness also must be considered. The most frequent cause is in utero cytomegalovirus (CMV) infection, a diagnosis that can be made definitively only in the neonatal period before the possibility of postnatally acquired CMV, 
which can confound the diagnosis of a congenital infection.[33] MRI has a place in the evaluation of hereditary hearing impairment if a patient is suspected of having NFII, if the hearing loss is progressive, and if the audiologic battery suggests 
retrocochlear pathology.[100] Other potential investigations include thyroid function studies, electrocardiogram, urinalysis, renal ultrasonography, and electroretinography.

Once a diagnosis is made, directed treatment is possible. Appropriate consultation and management of the associated conditions should be considered. For example, a diagnosis of Jervell and Lange-Nielsen syndrome may necessitate therapy 
with beta-blockers to reduce the chance of life-threatening arrhythmias. If US is considered, close ophthalmologic follow-up is mandatory. In contrast, a genetic diagnosis of GJB2-related deafness requires no other consultation, because 
there is no associated comorbidity.

Genetic counseling should be offered to patients and their families by a professional trained in clinical genetics. Most otolaryngologists do not have an adequate understanding of recurrence chances to provide accurate data.[85] Green and 
others have estimated the recurrence chance for a normal hearing couple with a deaf child to have a second deaf child at 17.5%, much higher than earlier estimates of 9.8%.[35] Factors that explain this increase include an improved ability to 
identify syndromic forms of deafness and a decrease in congenital-acquired deafness.[35] A well-trained genetic counselor also can help to interpret medical data and potential treatment options. Counseling sessions should be performed before 
and after genetic testing has been done.

Management of hearing loss should be directed at providing appropriate amplification as soon as possible. Cochlear implantation is becoming an increasingly important option for persons with severe-to-profound deafness.[34] [80] The Joint 
Committee on Infant Hearing recommends that diagnosis and rehabilitation be instituted by 6 months of age to minimize delays in communicative language development. Coupled with this recommendation, universal screening is becoming a 
reality throughout the United States. As of July 2001, more than two thirds of all states have legislation for early hearing detection and intervention. [28] 

Having discussed an approach to the diagnosis and management of a patient with hearing loss, a mention of the Deaf (written with an uppercase "D") culture is necessary. Persons who identify with the Deaf culture consider themselves as 
culturally Deaf and understandably wish to preserve their culture. In general, members of the Deaf community look on genetics negatively.[65] [93] A study by Middleton and others found that 55% of deaf respondents at a conference on the 
"Deaf Nation" thought genetics would do more harm than good. Forty-six percent of respondents thought that the use of genetics may devalue deaf people.[65] However, this response may represent sample bias, because a study by Stern and 
others found that most persons have a positive view of the field of genetics.[93] These studies highlight an important point in that attitudes about hearing loss, or more specifically, deafness, are culturally dependent. The medical community 



must understand and appreciate this perspective and try to offer advances in diagnosis, counseling, and treatment in a nonjudgmental manner.
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Chapter 202 - PEDIATRIC FACIAL FRACTURES

Paul R. Krakovitz 
Peter J. Koltai 



INTRODUCTION

After the first month of life, trauma is the number one cause of pediatric mortality and a major cause of long-term morbidity.[66] [197] Nearly 15,000 children die and 100,000 others are disabled worldwide each year from trauma resulting from 
motor vehicle accidents, sporting injuries, falls, altercations, and abuse.[66] More than $15 billion is spent annually in the United States treating childhood injuries.[66] [152] Despite this epidemic of injuries, facial fractures in children remain 
uncommon.

Reconstruction of pediatric facial fractures requires an understanding of craniofacial development and the consequence of injury on future growth. The patterns of facial fracture not only differ significantly between adults and children, but 
also among children of different ages. Although some of the treatment strategies for facial fractures in adults and children are similar, children need to be considered in a different management algorithm because the repair of bony injuries is 
best accomplished by techniques that may adversely effect craniofacial development. This dilemma renders the treatment of facial fractures in children controversial. It is not possible to resolve all of the issues related to treatment; however, 
a rational approach to treatment that yields consistently excellent results can be formulated.

EPIDEMIOLOGY

Pediatric maxillofacial injuries account for approximately 5% of all facial fractures, although the incidence is reported as being between 1.5% and 15%. * Children younger than 5 years old account for only 0.9% to 1.2%, whereas those 6 to 14 
years old account for 4% to 6% of all maxillofacial trauma.[16] [63] Bamjee and colleagues[16] found that 7% of pediatric trauma occurs to children younger than the age of 6 years, whereas 70% befalls those between the 13 and 18 years of age, 
indicating the increased vulnerability of the maturing face as well as the greater risk-taking behavior of a growing child.

In children, males are more prone to maxillofacial fractures than females, with an overall ratio of 1.5:1 to 2.3:1. † In children younger than 8 years, there is no difference between genders.[53] With approaching adolescence and greater 
involvement in sports and violence, the male to female ratio approaches 4.5:1.[53] In South Africa, males are three times more likely to be involved in violence resulting in facial fractures; however, other types of injuries resulting in facial 
fractures are gender neutral.[16] 

Nasal fractures in children are the most common fractures of the facial bones. Because most nasal fractures are treated in an office setting, precise statistics on their frequency are difficult to determine. Limited studies have reported the 
incidence to be between 45% and 60% of all facial fractures.[65] [84] 

Mandible fractures are the most common facial fractures in children requiring hospitalization. Depending on whether nasal fractures are included, mandible fractures account for between 5% and 50% of reported pediatric facial fractures. [66] [83] 
[187] The condyle is the most common site, accounting for 40% to 70% of mandibular fractures. [101] [142] [180] [193] Body (0%–20%), angle (3%–17%), ramus (3%–10%), and symphyseal fractures (2%–30%) occur less frequently in young children. ‡ As 
adolescence approaches, the incidence of fractures of the arch and body of the mandible reflect a more adult pattern.[169] Dentoalveolar fractures, like nasal fractures, are often treated in an office setting; hence, it is difficult to gauge their true

*References [62] [67] [85] [91] [93] [116] [133] [142] [159] [160] [177] [185] [187] [188] [193] . 
†References [83] [101] [166] [193] [207] . 
‡References [53] [65] [78] [84] [101] [106] [108] [111] [114] [116] [135] [136] [151] [155] [160] [161] [177] . 
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frequency, which is likely higher than the 14% incidence reported in one large study. [78] 

Complex facial fractures are rare in children. The literature shows a wide range of anatomic distribution. Recent reports have shown an incidence of orbital fractures ranging from 0.2% to 30%, zygomatic complex fractures (ZMC) 2.7% to 
13.5%, and Le Fort type fractures 0% to 16%. * The sporadic distribution of midfacial injuries, especially among preadolescent children, highlights their uniqueness and emphasizes how limited one surgeon's experience can be with these 
complex injuries.

Associated injuries are a common feature of childhood maxillofacial trauma. In the pediatric age group intracranial, intraabdominal, and orthopedic injuries are associated with more severe types of facial fractures 30% to 60% of the time.[93] 
[116] [169] [204] Temporal bone and soft tissue injuries are also commonly associated with facial fractures. [116] In young children, up to 86% of orbital roof fractures are associated with frontal skull fractures and associated intracranial injuries.[91] [118] In 
30% of orbital fractures, there are other associated facial injuries.[69] These statistics emphasize the importance of a complete initial assessment in children with facial trauma and highlight the dilemma of the timing of repair when medical 
instability conflicts with the limited duration in which optimal reconstruction is best accomplished.

ETIOLOGY

When considering the cause of pediatric facial fractures, it is important to understand both the types of traumatic events that result in injury as well as the unique anatomic features of the child's face. These combined factors predispose 
children to patterns of injury that are different from those seen in adults.

Motor vehicle accidents are the major cause of serious pediatric facial trauma. † Fortunately, fewer than 1% of traffic accidents result in pediatric facial bone fractures.[11] The risk of injury is 1.6 times higher for children who are inappropriately 
restrained, and children seated in the front seat have a nearly twofold increase risk of fracture compared with the rear seat.[11] Air bags have been shown to decrease mortality in the adult population; however, children younger than the age of 
10 years have a 34% increased risk of dying in frontal crashes with air bag deployment.[25] The current recommendations for protection during motor vehicle travel by the American Academy of Pediatrics and the National Highway Traffic 
Safety Administration are child restraints for children weighing less than 40 lb, belt-positioning booster seats for children from 40 to 80 lb and up to 57 inches in height, lap-shoulder belts for children weighing more than 80 lb and more than 
57 inches tall, and placement of children younger than 13 years in the rear seat.[6] [109] [131] 

Although the major causes of serious pediatric facial fractures are from motor vehicle accidents, childhood play is the most common cause of facial trauma (15%–30%) when all forms of fractures are considered including orbital, nasal, and 
dentoalveolar fractures.[112] Bicycle accidents remain an important cause of injury to children, and although helmets have greatly reduced midfacial and intracranial injuries, the current designs of helmets do not protect against mandibular and 
dentoalveolar injury.[1] [2] [190] [191] Other causes include falls (20%–30%), aggravated assault (8%–30%), and sports injuries (2%–30%). ‡ An uncommon cause of facial fracture is from dog bites.[54] [196] Isolated orbital fractures are most commonly 
seen in sports, with violence being a significant risk among those 12 years and older. [38] [69] Child abuse deserves special mention. Facial fractures, in particular the mandible, can be the result of child abuse.[93] [114] [177] [186] It is important to consider 
the possibility of child abuse, especially in cases of facial injuries among children younger than 5 years, because this is the highest-risk age group for battering.



Both social and anatomic differences account for the disparity in the incidence and in the nature of facial fractures between adults and children. Falls are frequent but generally occur from low heights and at low speeds; hence the likelihood 
of serious fractures is diminished. Children are generally in a more protected environment than adults that further reduces the risk of major injuries.

To understand the difference in the patterns of fractures between children and adults, one must understand the development of the facial skeleton. At birth, the craniofacial ratio is 8:1, with the face located in a recessed position relative to a 
large skull. The cranium and forehead effectively shield the smaller lower and middle thirds of the face from injury. By the age of 2 years, the cranium has achieved 80% of its mature size. Facial growth is also rapid during this period, but it 
is only after the second year that facial growth outpaces cranial growth. Brain and ocular growth are near completion by age 7, however facial growth continues into the second decade of life.[30] [40] In adults, the craniofacial ratio is 2:1.[29] [43] The 
consequence of the higher
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craniofacial ratio is that the cranium, especially the prominent forehead overhanging the face, absorbs the majority of the impacting force. This accounts for the higher proportion of pediatric skull fractures compared with facial fractures and 
the rarity of serious midface fractures in young children, in whom the force necessary to cause major maxillary disruption often results in brain injury and death.[136] [177] 

Another resilient feature of young children is the makeup of the face with thick soft tissue, lack of sinus pneumatization, and elasticity of the bones. The greater proportion of cancellous to cortical bone explains the higher incidence of 
"greenstick" fractures in children.[3] The presence of unerupted and mixed dentition in the maxilla and mandible increases the resistance to fracture, despite fractures than can occur through developing tooth crypts. As the child enters 
adolescence and adulthood, the concomitant pneumatization of the paranasal sinuses, maturation of the dentition, hardening of bone, and thinning of the facial soft tissues, synchronized with higher-energy injuries associated with more risk-
taking behavior, all lead to a higher risk of fracture.[10] [30] [32] [76] [78] 

EMERGENCY MANAGEMENT

The first step in evaluating pediatric facial trauma is to follow the basic principles of trauma management. A primary survey must be made of the child's airway, breathing, and circulation. Airway-securing algorithms should be closely 
followed. In most cases of isolated facial trauma, careful posturing of the child is adequate. The oral cavity should be suctioned of blood, secretions, loose teeth, and bone fragments. In case of mandibular displacement, a midline traction 
suture on the tongue can help maintain a patent airway.

Orotracheal intubation is necessary when there is concomitant cranial trauma, severe bleeding associated with midfacial fractures, or oropharyngeal obstruction and posterior retrusion of the mandible. Orotracheal intubation is ideally 
accomplished after the cervical spine is secured. Optimally, when oropharyngeal or laryngeal injuries are present, intubation is performed in the operating room with rigid instrumentation. Crash tracheotomies and particularly 
cricothyrotomies in the emergency department are ideally avoided in favor of orotracheal intubation. Once the airway is secured, elective controlled tracheotomy can be performed in the operating room when deemed necessary by the extent 
of injury. In one series of 73 patients with mandibular fractures, only one patient required airway control for obstruction; a tracheotomy was not necessary.[177] However, a controlled tracheotomy is a safe option in patients with panfacial 
fractures and associated major systemic trauma.[169] 

Hypovolemic shock can result from the blood loss of the highly vascular broken face of a child. This blood loss may be a double threat if it is lost into the airway. Standard volume replacement practices should be implemented and, if 
necessary, the transfusion of blood products should be performed.

The secondary survey of the head and neck proceeds in an orderly fashion beginning with the neurologic assessment, evaluation of the neck and cervical spine, inspection of the eyes, otoscopy, rhinoscopy, and finally, examination of the face 
and oral cavity.

CLINICAL AND PHYSICAL EVALUATION

If at all possible, an accurate history should be obtained, with the focus on the mechanism of injury as well as the energy and direction of the impact. An injury that appears inconsistent with the reported history should raise suspicion of child 
abuse.

Although cooperation may be limited in young children, the examination of the facial skeleton should begin with inspection followed by manual palpation in an orderly and systematic manner. Suggestive signs of facial fracture can include 
facial asymmetry, edema, ecchymosis, battle sign, raccoon eyes, periorbital swelling, conjunctival chemosis, epistaxis, trismus, and malocclusion.

Bimanual examination of the facial skeleton begins over the zygomatic arches and systemically proceeds down the face. The examiner feels for asymmetry, tenderness, and crepitation. The forehead, malar eminences, orbital rims, and nasal 
bones are palpated. The premaxilla should be grasped and the head stabilized with the opposite hand to check midfacial stability. Further information can be obtained by intraoral digital examination of the maxillary buttresses.

The manual examination of the mandible begins with the palpation of the temporomandibular joints (TMJs) and the external auditory canals with opening and closing of the jaw. The entirety of the mandible is palpated both intraorally and 
extraorally. The oral examination includes inspection of the hard and soft palate, tongue, floor of the mouth, and dentition. The gingiva is closely examined for ecchymosis and lacerations; the occlusion is inspected.

A complete neurologic examination is important with evaluation of the level of consciousness (Glasgow Coma Scale) and of cranial nerve integrity. Particular attention to the sensory function of the fifth nerve and the motor function of the 
seventh nerve is essential. Ophthalmologic evaluation is important to rule out optic nerve injury, intraocular trauma, and opthalmoplegia. This should include visual assessment (if possible), ophthalmoscopy, as well as tests for range of 
motion, diplopia, and pupillary reflexes. Forced duction testing should be performed under anesthesia
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whenever orbital trauma is suspected. The anterior external ear canal wall is inspected for lacerations from a condylar fracture, and a hematotympanum may suggest a temporal bone fracture. Anterior rhinoscopy is valuable for the evaluation 



of septal injury, septal hematoma, or cerebrospinal fluid (CSF) rhinorrhea.

RADIOLOGIC EXAMINATION

Computerized tomography (CT) has revolutionized the evaluation of pediatric trauma. Axial and coronal cuts allow for a complete survey of the craniofacial, intracranial, orbital, and facial skeleton. Orbital injuries should be evaluated with 
1.5- to 3.0-mm coronal and axial cuts. When the stability of the cervical spine is in question, and in the case of an uncooperative child, coronal cuts may not be unobtainable. However, coronal reconstructions are universally available with 
the software of contemporary CT scanners, and these allow for appropriate preoperative assessment and surgical planning. Three-dimensional (3D) CT reconstructions are also routinely available for a more global understanding of the injury. 
Intraoperative findings generally correlate well with radiologic images.

The gold standard for displaying the mandible is the panoramic view (Panorex). This can be difficult to obtain in a multiply injured or uncooperative child. Alternatively, a plain film such as the Towne's view is specific for the condyles. The 
lateral oblique view displays the condyle, coronoid, ramus, angle, and body. Intraoral projections can be helpful for symphyseal, parasymphyseal and dentoalveolar fractures. In our experience, the axial CT scans of the mandible are the most 
useful for documenting mandible fractures in a multiply injured child and are best obtained when cranial and upper facial CT scanning is being performed.

Routine x-ray for isolated pediatric nasal trauma is rarely useful. Standard nasal radiographs are frequently inaccurate, especially in children whose nasal bones are not fully fused. However, when significant flattening or deformity of the 
nasal dorsum has occurred, both axial and coronal CT should be obtained.

FACIAL GROWTH AND TRAUMA

Craniofacial bone growth is a complex process that is incompletely understood, and even less is known about the effects of trauma on this process.[158] Furthermore, the unique physiology and slow growth of the human face are difficult to 
correlate with animal models of trauma. Prospective human studies of alterations of facial growth as a consequence of experimental trauma are not possible. There also appears to be a great difficulty in obtaining and maintaining long-term 
follow-up in children with facial trauma. Therefore, much of our understanding of facial growth after pediatric trauma is based on case reports and retrospective studies of modest sample size, as well as inferences from imperfect animal 
models.

Grymer and colleagues compared 47 adult patients who had sustained nasal fracture during childhood to a control group of adults without a history of nasal trauma.[32] [61] They also analyzed the effects of these fractures based on the period of 
facial development during which the injury occurred, premised on observations that there are three variable periods of nasal development. Rapid growth of the nose occurs from the age of 1 to 6 years and from 12 to 16 years, whereas from 6 
to 11 years, nasal growth is relatively slow. They found a significant increase of bony and cartilaginous deformities among adults who sustain nasal fractures during childhood. These malformations were not associated with injuries during a 
specific developmental period but were equally distributed among all their patients.

Sarnat and Wexler performed a series of experimental resections of septal cartilage and bone in the septovomerine angle of growing rabbits.[165] [166] [168] This caused a deceleration of snout growth, with resulting reduction in the size of the nasal 
and premaxillary bones, the nasal cavity, and the piriform aperture. The extent of the deformity varied with the amount of tissue resected. They concluded that the relationship of the septum to the growth of the face is comparable to the 
relationship of the eye to the growth of the orbit, and the brain to the growth of the skull. Siegel[177] removed the nasal septum in growing baboons and noted diminished upper facial growth.

Cephalometric studies of three children who had a history of nasomaxillary fractures showed an elevation of the anterior palatal plane, a reduction in the length of the premaxilla and nasal spine, decreased nasal projection, and modifications 
in the occlusal plane of the mandible.[144] 

Bachmayer and colleagues[13] studied growth patterns of children with congenital craniofacial disfigurement who underwent Le Fort III advancements and found that maxillary projection subsequently ceased. They postulated that the 
combination of traumatic osteotomies and periosteal stripping diminished postoperative growth. Based on studies of growing pigs, Munro suggested that periosteal elevation decrease local blood supply, increased periosteal adherence, and 
changed local bone growth.[129] [174] Hellquist did an extensive study of periosteal resection on the facial growth of rodents and demonstrated that although the new periosteum appeared normal, the underlying bone showed altered morphology 
beyond the area of resection.[135] When periosteal stripping was confined to the premaxilla, growth was not altered; however,

4490

when it involved the maxilla, growth was significantly diminished.

In 1835, John Hunter studied the normal development of the mandible by feeding madder, a plant root that stains growing bone red, to two young pigs for a month. He killed one pig after a month, whereas the other pig was fed a regular diet 
for an additional month before being killed. He found that the bone that had been the condyle during the staining diet had been incorporated into the ramus, whereas unstained bone, which had grown after the madder diet had been stopped, 
was now the condyle. He concluded that the condyle was a primary site of mandibular growth. [30] 

Much has subsequently been written about the role of the condyle, and to this day controversy exists in the literature about the long-term growth issues following condylar fractures in young children.[169] Thoren and colleagues studied 18 
children younger than 15 years of age for a mean of 8.6 years and found that 56% had subjective findings and 72% had objective findings of minor TMJ dysfunction, as well as slight, clinically insignificant radiographic asymmetry and 
incomplete bony remodeling.[193] Other studies have shown between 5% and 20% of children with condylar fractures have some degree of functional or radiologic deformity. * In children under age 5, crush injuries to the condyle have shown to 
be predisposed to ankylosis and growth disturbance. [111] 

In a study of experimental condylar fracture dislocations in rheusus monkeys, Walker[198] observed that reformation was comparable whether the animals were treated with conservative immobilization, early mobilization, or direct surgical 
wiring. MacLennan[111] reviewed 180 cases of condylar fracture of which five were in children younger than 10 years, and found that the great majority of these injuries healed without functional impairment. Multiple other studies agree with 
MacLennan's findings that most children with condylar fractures heal without functional impairment.[52] [86] [110] [145] 

Bones grow by the deposition of bony tissue on one surface and absorption on the opposite surface, producing growth movement or "drift" in a specific direction.[43] Facial periosteum and endosteum cover the bone in a jigsaw-like pattern of 
growth fields, which are responsible for both bone deposition and resorption. The potential for growth is in the bone, but the covering osteogenic membranes—functioning soft tissues such as tendons, muscle, mucosa, and the brain—
program the pattern of growth. The rate of activity in differential growth fields varies according to the specific function and growth of the surrounding soft tissues. Certain growth fields, such as the mandibular condyle, have special 



significance in the growth process. Nevertheless, it is a misconception to view them as isolated "growth centers" because all of the surrounding bone participates in the remodeling and enlargement that produces the mature facial form.[43] 

The process of bone remodeling and enlargement results in the relocation of the component parts to allow for overall growth and to provide structure for the changing physiologic conditions of the encapsulating soft tissues. It also results in 
each component bone being carried away from its adjacent neighbors, a process called primary displacement. This occurs as a result of the bone's own growth, and its direction is generally in the opposite direction of bone deposition. For 
example, as the growing soft tissues carry the mandible forward, it is displaced anteriorly and inferiorly from the TMJ. In response, the condyle and the ramus grow by deposition in a posterosuperior direction, in effect filling the space 
caused by the displacement. Similarly, as the nasomaxillary complex is displaced anteriorly and inferiorly, bone deposition occurs at the multiple suture interfaces between the maxilla and the anterior skull base. Bone growth at the sutures is 
not responsible for the projection of the maxilla but is the result of it. Furthermore, the bones of the face are also secondarily displaced by the enlargement of the adjacent bones, such as occurs with the downward and forward displacement of 
the maxilla as a result of cranial enlargement, which is driven by the growth of the brain.[43] 

It is clear from the foregoing discussion that facial growth is a complex process. What is unclear is the mechanism of control and coordination responsible for overall growth. A short overview of the major concepts of facial growth will be 
discussed. For more detailed discussion, the reader is referred to the works of Scott,[170] [171] [172] [173] Moss and colleagues,[121] [122] [123] [124] [125] and Enlow.[43] Contemporary thought holds that the genetic program within the enveloping soft tissues and 
regional growth sites controls facial growth. The nasal septum has received much attention for its role in the nasomaxillary development. It has been proposed as the structure responsible for the dramatic anterior and inferior displacement of 
the growing maxilla. Although it is doubtful that the septum is the only pacemaker of midfacial development, both experimental and clinical data support its role as an important regional growth site. [139] [140] [163] [164] [165] [166] [167] [168] 

The "functional matrix" theory by Moss[122] [123] holds that the predeterminants of bony morphology reside in the encapsulating soft tissues. The brain, the mucosa, the facial musculature, the tongue, and the teeth form
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a functional matrix that surrounds the bone and directs its growth and form. Direct and indirect stimuli produced by the growth and action of these functioning tissues switches on the osteoactive cells to deposit and absorb bony tissue, thus 
displacing, remodeling, and enlarging the facial skeleton to accommodate the physiologic activities of the face.

Practical concepts for the repair of facial fractures in children are based on the known effects of trauma in the growing face, as well as on an understanding of the operational mechanics of facial development. The mandible appears to be 
generally resistant to abnormalities of growth as a result of trauma, unless there is alteration of its function due to injury in or near the TMJ. Early return of mandibular mobility is desirable to facilitate the restorative bony changes that result 
from normal function.

The nose, nasoethmoidal complex, and maxilla are more prone to growth abnormalities as a result of trauma. This probably occurs because of the minor restorative functional movement to which these bones are subject, the physiologic 
derangements that result from the fractures, the importance of the septum as a regional growth site, and the vulnerability of the multiple suture sites to scar formation. These factors suggest that basic interfragmentary tenets should be 
followed in the repair of pediatric fractures: 

1.  Careful restoration of injured soft tissue, particularly the periosteum
2.  Close attention to septal injuries with an emphasis on realignment rather than resection
3.  Reduction of fractures into their stable anatomic locations
4.  Correct realignment of suture lines
5.  Minimal periosteal elevation
6.  3D, stable fixation of complex fractures
7.  Use of rigidly fixed bone grafts as a substrate for growth in areas of bone loss

RIGID FIXATION

Controversy still exists over the use of rigid fixation in the developing face. Animal studies have shown that application of plating systems to the maturing face can lead to facial asymmetry. * With growth, permanent plates and screws can 
migrate intracranially and can cause orbital injury.[19] [57] [72] [143] However, failing to address a displaced fracture will result in permanent deformity as the soft tissue shrinks to mirror irregular topography of the underlying broken bone.

The management of complex fractures requires an understanding of both the risks and the benefits of rigid fixation. The unresolved question is whether transient stabilization of the facial skeleton will result in permanent growth disturbances. 
Lin and colleagues[102] performed frontoorbital craniotomies in four groups of kittens. In the first group, fixation was achieved by wire osteosynthesis. In the second group, mini-compression plates were used for fixation. As control subjects, 
the third group underwent plate fixation across the coronal suture without osteotomy and the fourth group had incision and periosteal elevation alone. Three-dimensional CT scans and cephalometrics were used for growth analysis, which 
showed significant growth restriction in the osteotomized groups but not in the third group. Laurenzo and others[98] compared the effects of periosteal elevation, osteotomy without plating, plating without osteotomy, and plating with 
osteotomy on the skulls of infant rabbits. They found that soft tissue manipulation alone caused the least growth restriction, rigid fixation after osteotomy showed less restriction than rigid fixation alone, and osteotomy without fixation 
caused the most restriction of growth. It is difficult to apply the knowledge gained from these studies to current principles of plate and screw fixation in young children, because young animals have very rapid facial development compared 
with humans. We can safely conclude that fixation should be done with caution and should be reserved for fractures in which the original features are difficult to restore by other means.[169] 

Plate fixation with our current state of knowledge should be considered only for children with complex 3D injures that cannot be repaired by simpler means. There are several reasons for such caution. Access for plating often requires 
surgical trauma to facial soft tissues and extensive periosteal elevation, both important factors with potential for adverse alteration of facial growth. Bone is deposited at facial sutures as a result of tension fields across them. Plating across a 
suture line could potentially convert the sites to compressive fields, resulting in bony absorption. Plate and screw fixation also risks injury to maxillary tooth buds.

Despite these reservations, recognizing that each reconstructive technique has its strengths and its weaknesses, the use of rigid fixation is highly desirable in complex fractures where the original features are difficult to restore. The alternative 
of no correction is unacceptable, and the use of interfragmentary wires is tedious and can lead to reconstruction of uncertain stability. As Rahn [150] has written, "Open reduction of a fracture may sometimes appear to be an aggressive approach. 
It can be justified when late reconstruction and secondary surgery is avoided. Thus an approach that appears initially to be more aggressive may be more conservative."

*References [44] [98] [102] [113] [156] [199] [204] . 
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PERMANENT VS RESORBABLE PLATING SYSTEMS

The previous section highlighted the controversy that exists about the use of permanent plates and screws in the developing face. Although excellent for fixation, there are several drawbacks to leaving a metallic foreign body in a growing 
child. Transcranial migration of metallic plates is a well-recognized problem. [57] [72] [206] Growth disturbances in both animal and human studies have been shown with use of permanent rigid fixation.[44] [51] [204] [205] Metal hypersensitivity, potential for 
bone atrophy, interference with CT and MRI, allergy, and palpability are all potential problems of using metallic plates. This has led many surgeons to routinely remove plates once the fracture line is well healed, especially in children.[23] [74] [89] 
[90] [138] However, others suggest that watchful waiting is appropriate and have found the need to remove plates for the above reasons in about 8% of the pediatric population. [21] Interestingly, in a rabbit study, Connelly and Smith[27] found that the 
removal of rigid plate fixation had a more deleterious effect on growth than if the rigid fixation was left in place. An alternative solution to this quandary is the use of absorbable plates and screws, the safety and efficacy of which have been 
shown by extensive animal research, subsequent use in craniofacial surgery, and use in facial trauma reconstruction. * A study using resorbable co-polymer on infant minipigs looked for local reaction as well as the complication of passive 
intraosseous translocation of plates. They found the tissue reaction to be minimal and demonstrated that although the plates were embedded in the growing bone, this did not hinder degradation of the plates or screws.[202] Bioabsorbable plates 
are economically reasonable and clinically safe. With experience, resorbable systems are comparable in efficiency to metal plating systems.

The most commonly used craniofacial bioabsorbable materials are high-molecular-weight polyalphahydroxy acids: polylactic acid (PLA), polyglycolic acid (PGA), polydioxanone (PDS), and their copolymers. Lactic acid has two 
enantiomeric forms: L-lactic acid (PLLA) and D-lactic acid (PDLLA). PLA and PGA are metabolized into carbon dioxide and water and are eliminated by respiration; the degradation products of PDS are excreted primarily in the urine.[182] 
The absorption occurs initially by hydrolysis and is completed by phagocytosis. [47] The physical properties of the polymers are outlined in Table 202-1 . [77] Pure polymers have been shown to have disadvantages in strength, time to 
degradation, or local tissue reaction.[46] [47] [182] PGA has the best initial strength properties, equal to the strength of stainless steel.[195] PGA's mechanical properties are lost in 6 weeks, and resorption is complete within 1 year.[112] [196] However, the use 
of pure PGA has shown adverse reactions in up to 60% of cases, including swelling, draining fistulas, and osteolysis.[58] [94] In vivo sheep studies have shown that PLLA takes 5 years to resorb.[184] Reports on pure PLLA have demonstrated late 
tissue responses up to 4 years after implantation.[20] 

Current resorbable plating systems take advantage of copolymers of PLA and PGA, which allows for variable lengths of mechanical strength and biodegradation time. LactoSorb was the first absorbable system approved by the U.S. Food 
and Drug Administration (FDA) in 1996, and at present there are five commercially available resorbable plating systems with different properties based on their individual polymer chemistry, as outlined in Table 202-2 . [77] Because each 
plating manufacturer uses slightly different mixtures of copolymers, plate strength, absorption, and ease of handling will differ between the systems. Ideally, the plate used will retain full strength for 4 to 6 weeks, the time it takes for facial 
fractures to ossify.[31] The absorbable plates on the current market maintain 60% to 90% of their strength through the 3-month mark.[47] 

Complications with resorbable systems are comparable to results with metal plates with the caveat of avoiding the potential long-term translocation with metal implants.[37] [63] [77] [189] [200] The most common adverse reactions are transient 
periimplant edema and a high rate of temporary visible or palpable hardware, both of which resolve with time. There is typically minimal foreign body reaction in the surrounding tissue.[47] To date, the long-term studies on absorbable plating 
systems have exclusively used LactoSorb, which has a faster resorption time than some of the more recently released systems. Studies have shown that the available resorbable plating systems (1.5- and 2.0-mm screw diameters) provide 
flexural and tensile strength comparable to the microplate titanium systems (1.0–1.3-mm diameter screws).[95] Definitive long-term studies in facial trauma have yet to conclude whether resorbable plates cause problems with growth restriction.

At this time, absorbable plates are not recommended for all types of pediatric facial fractures. Preliminary data on sagittal split osteotomy plated with absorbable systems have shown excellent results without the use of maxillomandibular 
fixation (MMF) in a 15-month follow-up study.[183] However, the use of absorbable plates in the mandible and "load-bearing"

*References [22] [23] [41] [42] [46] [48] [49] [56] [77] [96] [181] [183] [184] [202] [206] . 
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TABLE 202-1 -- PHYSICAL PROPERTIES OF THE COMMON MONOMERIC POLYMERS CURRENTLY USED IN FABRICATING BIORESORBABLE PLATES AND SCREWS

   IN VIVO DEGRADATION TIME

Monomer Glass Transition Temperature (°C) Flexural Strength (MPa) Strength Mass

Polyglycolic acid 35–40 320 4–6 weeks 6–12 months

Poly L-lactic acid 60–65 190 6 months 1–6+ years

Poly DL-lactic acid 55–60 150 8–12 weeks 12–16 months

Polydioxanone 16 120 4–6 weeks 6–12 months

(Adapted from Imola MJ and others: Arch Facial Plast Surg 3:79–90, 2001.)
 
 

TABLE 202-2 -- COMMERCIALLY AVAILABLE CRANIOMAXILLOFACIAL RESORBABLE PLATING SYSTEMS AND THEIR PROPERTIES

  IN VITRO TIME

System: Manufacturer (Date of Introduction) Polymer Composition (%) Remaining Strength (%) Complete Resportion

LactoSorb; W. Lorenz Surgical Inc., Jacksonville, FL (Feb. 1996) PLLA (82), PGA (18) 8 wk (70), 12 wk (30) 6–12 months

Macropore; Medtronic, Minneapolis, MN (July 1998) PLLA (70), PDLLA (30) 6 mo (90), 12 mo (50) 1–3 years

Bionx, Bionx Implants Inc. Bluebell, PA (December 1998) PLLA (70), PDLLA (30) 8 wk (90), 6 mo (30) 1–2 years



Resorbable Fixation System, Synthes, Paoli, PA (Feb. 2000) PLLA (70), PDLLA (30) 8 wk (68), 6 mo (30) 1–6 years

DeltaSystem, Stryker-Leibinger, Kalamazoo, MI (March 2000) PLLA (85), PDLLA (5), PGA (10) 8 wk (81), 6 mo (50) 1.5–3 years

(Adapted from Imola MJ and others: Arch Facial Plast Surg 3:79–90, 2001.)
 
bone is still investigational in children, and long-term results are limited.[77] [181] At this time, the indications for the use of absorbable systems in pediatric trauma are on non-load-bearing regions in the upper and middle thirds of the craniofacial 
skeleton. From a practical point of view, the main difficulties we have found with resorbable plates are for complex midfacial fractures where there is marked comminution or "cornflaking" of the bone. In these cases, the relatively large size 
of the resorbable plates (especially the screws) makes fixation of multiple small fragments awkward and often impractical. For similar reasons, there are also problems with these devices on the infraorbital rim and in the nasoethmoidal area. 
Further evolution of resorbable plates and screws toward smaller, more refined sizes should improve their practicality for the rare highly comminuted midfacial injuries.

MAXILLOMANDIBULAR FIXATION

To obtain MMF, one must consider the age and development of the teeth. In children who lack teeth or in whom the poor retentive shape of the deciduous teeth makes the use of arch bars and interdental wiring impractical, alternative 
methods of MMF need to be considered. Fortunately, 2 to 3 weeks of mandibular immobilization in children younger than 12 years is adequate.[82] [169] 

One approach is the use of an overlay acrylic mandibular splint held in place by circummandibular and transnasal wires. The splint's occlusal surface is placed in normocentric relation to the maxilla, and immobilization is accomplished by 
suspending a wire from the piriform aperture and tightening it around the mandibular midline wire, which is holding the splint to the mandible ( Figure 202-1 ). Another approach, described by Eppley,[45] takes advantage of
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resorbable screws[17] ( Figure 202-2 ). The inferior aspect of the zygoma is exposed bilaterally with small maxillary vestibular incisions. A 2.0-mm resorbable soft tissue anchoring screw, with a manufactured hole in the screwhead, is placed 
into the inferior aspect of the zygoma. An awl is then used to pass a large (0 or 2-0) nonresorbable monofilament suture around each side of the mandible through a small percutaneous stab in the submandibular area. On the lingual side of the 
mandible, the suture can be passed through the interdental space or around the last tooth in the arch so that both ends of the suture are in the buccal space. One end of the suture is passed through the screw in the zygoma and tied bilaterally 
with the mandible in centric relation with the knot in the maxillary vestibule. An alternative technique that adds more interocclusal stability is the placement of resorbable screws in the symphysis at the inferior border as well as that of the 
zygoma. The monofilament suture is tied between the two screws, thus avoiding the need for a circummandibular suture. The use of this MMF method in teenagers and adults is not advised due to the higher forces generated by the 
masticatory muscles.[17] 

In children between the ages of 2 and 5 years, the deciduous incisors have firm roots, and if the deciduous molars have formed, then they can be used for cap splints or arch bars. In general after age 10, the development of permanent teeth 
provides for safe anchors.[78] However, children develop at different rates, and the strength of the teeth should be carefully examined before the placement of any type of MMF.

SURGICAL APPROACHES

Miniplate and microplate screw fixation systems have made open reduction with internal fixation (ORIF) 

 
Figure 202-1 Circummandibular wires holding acrylic splint in place on a 3-year-old child with a right body fracture. 

 

Figure 202-2 A, The inferior aspect of the zygoma is exposed bilaterally with small maxillary vestibular incisions. A 2.0-mm resorbable soft tissue anchoring screw, with a manufactured hole in the screw head, is placed into the inferior 
aspect of the zygoma. B, One end of the suture is passed through the screw in the zygoma and tied bilaterally with the mandible in centric relation with the knot in the maxillary vestibule. (Courtesy of Barry Eppley, M.D.) 



 

Figure 202-3 A, The incision line for coronal exposure begins in the preauricular crease above the tragus, enters the hairline above the attachment of the helix, and traverses the cranium 4 to 6 cm behind the hairline. The "stealth" 
modification of the traditional coronal incision leaves a broken-line, less visible scar. This technique also avoids parting of wetted hair along the incision line, a common postoperative complaint following the traditional approach. B, The 
incision is carried down to the calvarial periosteum medially, which is contiguous with the deep temporal fascia laterally. The flap is elevated with a knife or blunt finger dissection in the subgaleal plane (inset). Over the temporalis muscle, 
blunt dissection with a hemostat or scissor is used to develop the plane between the fascia and scalp. The scalp is incised over the instrument to prevent penetration of the deep temporal fascia, which will result in bleeding. C, Medially, the 
subgaleal dissection ends 2 cm above the supraorbital rims. The periosteum is incised, and dissection continues subperiosteally. Laterally, the temporal fat pad can be seen under the deep temporal fascia. The fascia is incised and dissection 
proceeds between the fascia and the fat pad, protecting the frontal branch of the facial nerve that lies within the overlying temporoparietal fascia (inset). D, The superior surface of the zygoma is exposed through sharp dissection of the 
periosteum, beginning at the temporal root of the arch (upper inset). Medially, the supraorbital neurovascular bundle is released from its foramen using an osteotome or drill (left inset). The medial orbit is exposed with blunt dissection and 
the anterior ethmoid neurovascular bundle, if still intact, is divided after bipolar cauterization (right inset). A relaxing incision of the periosteum over the nasal dorsum allows for greater exposure. (Reprinted with permission.) 



 

Figure 202-4 A, Using needle cautery, a maxillary gingivolabial sulcus incision is created, leaving a 3-mm cuff of tissue on the gingival side to facilitate closure. B, Fractures of the anterior and lateral buttresses have been exposed. C, The 
buttresses have been reduced and plated. (Reprinted with permission.) 

 

Figure 202-5a A through F, After traction, sutures are placed in the lower lid, and a lateral cantholysis is performed. Through the lateral canthotomy, sutures are introduced in the subconjunctival plane and blunt dissection proceeds inferior 
to the tarsal plate and medially up to, but not past, the lacrimal punctum. The conjunctiva is then incised below the tarsal plate (E). The dissection can proceed in a preseptal or postseptal plane. 



 

Figure 202-5b G through J, The periosteum on the orbital rim is exposed and incised, allowing access to the floor. The procedure for closure consists of running 6-0 chromic for the conjunctiva and 5-0 polydioxanone (PDS) for repair of the 
cantholysis. (Reprinted with permission.) 



 

Figure 202-6 The subciliary incision is made 1 to 2 mm inferior to the lashes, through the skin and the orbicularis muscle. The plane of dissection is between the orbicularis muscle and the orbital septum. The periosteum is incised at the 
orbital rim, and the floor of the orbit is exposed. (Reprinted with permission.) 

 

Figure 202-7a Transcaruncular approach. A and B, Retracting the medial lid margins, the caruncle is incised along with medial aspect of the superior and inferior conjunctival fornices. The incision can be continued into a transconjunctival 
approach with lateral canthotomy to expose the entire medial, inferior, and lateral orbit (dotted line). 

 

Figure 202-7b C, Blunt dissection in the plane between Horner's muscle medial and the orbital septum laterally is carried to the posterior lacrimal crest. D, The periorbita is incised behind the posterior lacrimal crest and wide subperiosteal 
elevation exposed the medial orbital wall. E, Superior view of the orbit demonstrates the plane of dissection to gain wide exposure of the medial orbit to the apex. (Reprinted with permission.) 



 

Figure 202-8 A, Bottom-up approach. Traditional sequencing begins with reconstruction of the occlusion and the mandible, which then serves as a template for the upper face. B, Outside-in approach. The outer facial frame is reconstructed 
with emphasis on the zygomatic arches to narrow and project the face. (Reprinted with permission.) 



 

Figure 202-9 Inside-out approach. Reconstruction begins with the central core of the face using the anterior skull base as the template, with the goal of improving the accuracy of the repair of the aesthetically most significant component of 
the face. (Reprinted with permission.) 

 

Figure 202-10 Three types of condylar fractures in children: crush injuries of the condylar head, high condylar fractures of the neck, and low subcondylar fractures. (Reprinted with permission.) 

 

Figure 202-11 A, Polytomogram of a 5-year-old with a right subcondylar fracture, with the condyle medially displaced into the infratemporal fossa. The child was minimally symptomatic and treated only with analgesics, a soft diet, and 
range-of-motion exercises. B, Polytomogram of same child 6 months later, with condyle restored to its normal position. 
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Figure 202-12 A, Surgical approach to a left subcondylar fracture in a 14-year-old adolescent male. B, Exposure of the tempromandibular joint with an empty glenoid fossa due to medial displacement of the condylar head. C, Open 
reduction and internal fixation (ORIF) of the condyle with titanium plates and screws. D, Postoperative Towne's view of the reconstructed left condyle. 



 

Figure 202-13 A, Basket-wire osteosynthesis of left parasymphyseal fracture in a 10-year-old boy. Note the proximity of the wire reduction to the lower mandibular margin. B, Monocortical miniplate osteosynthesis of a right parasymphiseal 
fracture in a 6-year-old boy. Note the proximity of the plate to the lower mandibular margin. 

 

Figure 202-14 Cadaver preparation of an 11-year-old child. Note the proximity of the unerupted left lower canine tooth to the lower mandibular margin. 



 

Figure 202-15a A, Intraoral view of a left parasymphyseal fracture in a 10-year-old child. B, Complete intraoral exposure of the fracture. 

 

Figure 202-15b C, ORIF with absorbable plates and screws. D, Postoperative panorex of the reduction. (Courtesy of Barry Eppley, M.D.) 

 

Figure 202-16 A, Transcutaneous instrumentation for intraoral reduction of a right angle fracture in a 13-year-old girl. B, ORIF with lag screws of right angle fracture. 



 

Figure 202-17 Avulsed central upper incisors in a 6-year-old boy. 

 

Figure 202-18 Nasoethmoidal fracture in a 13-year-old boy. Note the leftward displacement and upward rotation of the entire nasoethmoid complex. 

 

Figure 202-19a A, Right zygomaticomalar complex fracture in a 6-year-old boy. B, Coronal CT scan showing the medial rotation of the malar fragment. C, Axial CT scan showing the fractured zygomatic arch. D, Axial CT scan showing 
the buckling of the lateral orbital wall. 



 

Figure 202-19b E, ORIF of a frontozygomatic fracture. F, ORIF of an infraorbital rim fracture. G, Postoperative x-ray image of the reduction. H, One-year postoperative view. 

 

Figure 202-20 When the blow is directly to the midline, an "open-book" fracture can result with central depression, lateral flaring, and splayed nasal bones over the frontal process. 

 

Figure 202-21 Bilateral septal hematoma in a 6-year-old child. There is obstruction of both sides of the nose. There was no response to vasoconstriction. 



 

Figure 202-22a A, Anterior table frontal sinus fracture in a 14-year-old adolescent. Note the depression over the left brow. B, Axial CT scan demonstrating the left anterior table fracture. C, Exposure of the depressed anterior table. 

 

Figure 202-22b D, ORIF with resorbable plate. E, Six-month postoperative view with resolution of the forehead depression. F, Six-month postoperative axial CT scan, with normal anterior table contour. 



 

Figure 202-23 Periorbital edema, ecchymoses, and subconjunctival hemorrhage are indicative of orbital injury in this 13-year-old adolescent with lateral orbital wall and orbital floor fractures. 

 

Figure 202-24 Left orbital apex fracture resulting in blindness, ophthalmoplegia, and ptosis in a 14-year-old adolescent. 
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believed to cause tissue ischemia and necrosis, particularly on the inferior rectus and oblique muscles. * Failure to relieve the pressure on the muscle results in persistent diplopia.[59] With lid edema, the diagnosis can be difficult. It is therefore 
imperative to have a high index of suspicion for trapdoor fractures. CT scans classically show a trapdoor fracture along the canal of the infraorbital nerve.[59] However, entrapment is a clinical diagnosis and therefore CT scanning should be 
used to aid in the diagnosis. Severe limitations with forced duction testing are the gold standard for diagnosis ( Figure 202-25 ).[24] [81] 

The second type of orbital floor rupture is the saucer fracture, in which there is a depressed crack of the orbital floor resulting in enophthalmos. These fractures are more likely to cause enophthalmos without significant duction deficits.[38] 
Because larger fractures tend not to impinge the muscle, they are less apt to cause muscle ischemia and can therefore be addressed after the resolution of edema ( Figure 202-26 ).

Differentiating between the two types of floor fractures is important, although management remains unnecessarily controversial. There are relatively few publications evaluating the characteristics and management of internal orbital fractures 
in the pediatric population. Putterman and Koornneef popularized observation and nonsurgical approach to all orbital blowout fractures, and for many years this was the trend in treatment.[146] However, failure to treat can lead to permanent 
gaze restriction, diplopia, and enopthalmos.[68] [97] This has led to challenging the practice of observation for all floor fractures. Indications for surgical intervention after an internal orbital fracture include significant (>2 mm) enophthalmos, 
extraocular muscle restriction with positive forced ductions (>30 degrees), symptomatic diplopia, or CT findings of large orbital wall defect (>50% floor or orbital wall).[18] [34] [81] [119] [162] It is crucial that pseudoentrapment conditions such as 
orbital soft tissue swelling, extraocular muscle contusion, and cranial nerve injuries be distinguished from true muscular entrapment because these patients can be observed. The timing of surgery is also controversial. Patients with minimal 
diplopia, good ocular motility, CT scans without evidence of significant fracture or herniation, and no significant enophthalmos can be managed by close observation over weeks.[36] However, recent studies have shown tight restriction of 
extraocular muscles, or those with true muscle incarceration have an increased chance of ocular motility recovery with early intervention, preferably within 48 hours. † 

The orbital floor can be exposed through a transconjunctival or subciliary approach. The orbital contents 

 
Figure 202-25 A, "Trapdoor" fracture of the right orbital floor in a 10-year-old child with entrapment of the inferior rectus muscle. B, Clinical photo of same child demonstrating the limitation of upward gaze on the right side. This resolved 
with exploration and freeing up of the entrapped muscle. 

 
†References [7] [18] [24] [34] [59] [81] [91] [147] [157] [178] . 

4515

 
Figure 202-26 A, Unrecognized "saucer" fracture of the right orbital floor in a 15-year-old adolescent, causing obstruction of maxillary sinus outflow tract resulting in chronic maxillary sinusitis. B, Resolution of sinusitis after endoscopic 
maxillary antrostomy. Despite theobvious expansion of orbital volume noted on the coronal CT scan, the patient had only 1 mm of measurable enopthalmos and did not wish to have it repaired. 



 

Figure 202-27 A, Left orbital roof fracture in a 3-year-old child from a blow to the left forehead. Note the upper eyelid hematoma. B, Coronal reconstruction CT scan showing the buckling of the orbital roof. 

 

Figure 202-28a A, Right medial orbital wall fracture in a 9-year-old child. Note the lower eye-lid and subconjunctival hematoma. B and C, Axial and coronal CT scan showing the medial displacement of the lamina papiracea. D, 
Nondisplaced bilateral medial orbital fractures in a 4-year-old child from a blow to the nasoethmoidal region and forehead. 



 

Figure 202-28b E, Orbital emphysema on the coronal CT from the nondisplaced medial wall fractures. (B and C courtesy of Linda Brodsky, MD.) 

 

Figure 202-29 Classification of nasoethmoidal fractures. In type 1 fractures, the "central fragment" is intact as a single fragment of bone. In type 2 fractures, the "central fragment" is comminuted, but the fracture does not extend deep to the 
anterior lacrimal crest. In type 3 fractures, the comminution extends deep to the anterior lacrimal crest. 

 

Figure 202-30 Bimanual test for medial canthal displacement. A hemostat is placed intranasally underneath the canthal bearing bone, while a finger palpates the medial canthal tendon. The mobility of the canthal tendon-bearing fragment 



requires medial canthopexy. 

 

Figure 202-31 A, Nasoethmoidal fracture in a 3-year-old child. Repair was delayed for 3 weeks due to concomitant nerocranial injuries by which time the injury had begun to heal so the fractures required remobilization. B, ORIF of the 
"central fragment" has been completed by suspension from the frontal bar by a "Y" plate. Medial canthopexy with transnasal wiring is demonstrated. 

 

Figure 202-32 Comminuted compound type 3 nasoethmoidal fracture with bone loss in a 15-year-old adolescent. Medial canthopexy with transnasal wiring is shown. 



 

Figure 202-33 Cantilever calvarial bone graft for reconstruction of the nasal dorsum. 
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